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Morphological variability and molecular
characterisation of thirty soybean genotypes using
random amplified polymorphic DNA (RAPD) markers

Titilayo Akande™, Lucky O. Omoigui® and Joseph Ikwebe®
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The genetic and morphological diversity of soybean germplasms was studied using random amplified
polymorphic DNA (RAPD) markers and morphological traits such as plant height, height of cotyledon
leaves, basal leaf length, basal leaf width, basal leaf area, terminal leaflets number, terminal leaflet
length, terminal leaflet width, terminal leaflet area and basal leaf petiole length. A total of 30
germplasms were investigated. The number of amplification products obtained ranged between 6 and 9.
An average of five bands was obtained per primer set. The RAPD analysis of the 30 soybean
germplasms revealed a total of 23 bands, amplified by 14 different oligonucleotide primers. Sixteen of
these bands were highly polymorphic with percentage polymorphism at 70%, indicating the
germplasms investigated had a high level of genetic diversity. The consensus tree generated from the
genetic diversity analysis placed the soybean germplasms into five groups at an agglomerate
coefficient of 0.6 (similarity level). Similarly, cluster analysis from the morphological characterisation
revealed 5 clades with an average distance between clusters of 0.75. There was a significant lack of
correlation between the RAPD markers and the morphological traits evaluated. Although, both analyses
grouped the soybean genotypes into 5 clades, the composition of the individual clusters were very
variable and divergent with the correlation between the largest clusters in the molecular and
morphological characterisation at only 35-42%.

Key words: Soybean, germplasm, random amplified polymorphic DNA (RAPD), genetic diversity,
morphological variability, polymorphism.

INTRODUCTION

Soybean (Glycine max) is a leguminous plant. It (FAO, 2011). In Nigeria, soybean cultivation started since

originated from Asia and presently, China and United 1928 and presently, Benue, Niger and some parts of
States of America are the world’s largest producers Kaduna States are the major producing areas in the
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country. As a single seasonal crop, it is grown in middle
of June and harvested at the beginning of dry season
(October — November) to avoid field losses (International
Institute for Tropical Agriculture- IITA, 2009).

The advent of molecular biology has revolutionized the
field of plant systematics and has been used successfully
in establishing phylogenetic relationships at all taxonomic
levels (Bohs, 2005). It has also been used in DNA
fingerprinting of plant genomes (Cervera et al., 1998) and
in genetic diversity studies (Isshiki et al., 2008). The use
of molecular techniques in genetic diversity studies is
supported by the finding that evolutionary forces such as
natural selection and genetic drift produce divergent
phylogenetic branching which can be recognized because
the molecular sequences on which they are based, share
a common ancestor (Singh et al., 2010). A number of
genetic maps have been developed for soybean with
several types of molecular markers. Hwang et al. (2009)
mapped 1810 simple sequence repeats (SSR) site
markers in some recombinant inbred populations of
soybean, from which they constructed high-density
linkage maps.

Random amplified polymorphic DNA (RAPD), when
compared with other molecular markers, is more effective
in this regard as it is simple, rapid, requires only a small
guantity of DNA and it is well adapted for nonradioactive
DNA fingerprinting of genotypes (Cao et al., 1999). It is
also able to generate numerous polymorphisms (Williams
et al., 1990). More recent studies have used molecular
markers to identify genetically diverse plant introductions
to be used for crosses in cultivar improvement programs
(Thompson and Nelson, 1998a, b; Thompson et al.,
1998; Narvel et al., 2000). These studies have had more
success than conventional selection programs in
producing productive lines from plant introductions
crossed with elite genotypes. Khare et al. (2013) used
RAPD to investigate the genetic diversity and relatedness
of 38 soybean germplasms; they found 259 RAPD
marker loci with 253 of them polymorphic. Peri¢ et al.
(2014) compared three methods in the assessment of
diversity in soybean, and RAPD was found to be more
superior in assessing differences among genetically
similar genotypes. Alamri (2014) also studied inter simple
sequence repeat (ISSR) and RAPD markers in detecting
genetic variation in soybean. The results revealed that
the levels of polymorphic loci detected with the two
marker systems were in general moderate and similar.
Very recently, Pakylrek and Akgin (2015) also used
RAPD markers to study genetic diversity in seven
different soybean cultivars, the results revealing
significant polymorphisms. In Nigeria, not much has been

done on the nature of genetic diversity and
characterization of Glycine max, especially using
molecular tools. There is a need for extensive evaluation
of new germplasms found in Nigeria to determine their
genetic diversity.

This research work aimed to assess the morphological
variability and molecular diversity of soybean (Glycine
max.) using RAPD markers.

MATERIALS AND METHODS

Thirty soybean germplasms (representing several independent
breeding sources from IITA) used in this study were obtained from
Molecular Biology Laboratory, University of Agriculture, Makurdi,
Benue State, Nigeria. The soybean germplasms are shown in the
Table 1.

Planting of soybean germplasms

Three seeds of each germplasm were planted in plastic pots and
thinned to two stands per pot at seven days after planting.

Collection of DNA sample on Fast Technology Application
(FTA) Plant card (Whatman, 2014)

Young leaves of soybean at 14 days after planting were excised
from the plants. Depending on the size of the leaves, either whole
leaves or portions of the leaves were mechanically crushed and
disrupted on FTA plantsaver cards using porcelain pestle. The
crushed leaves on FTA plantsaver cards were air-dried at room
temperature for 1 h. Afterwards, 2 mm circles of FTA plantsaver
cards containing leaf tissue were collected using a Harris Micro-
Punch (Life Technologies) and was transferred into a thin-wall
micro centrifuge tubes.

Preparation of plant genomic DNA

200 pl of FTA purification reagent was added to each of the micro
centrifuge tubes from above. The micro centrifuge tubes were
vortex and mixed for 1-2 s at low speed. The tubes were incubated
at room temperature for 5 min, and the wash solution was
discarded. The washes were repeated with FTA reagents 2 more
times, followed by 2 more washes with 1TE buffer (10 mmol/L Tris,
0.1 mmol/L ethylene diamine tetracetic acid (EDTA), pH 8.0). The
FTA paper cards were air-dried at room temperature for 1 h, and
the paper punches placed directly into PCR reagents for analysis
using the method of Lin et al. (2000) and Omoigui et al. (2011).

Polymerase chain reaction (PCR) protocol

Aliquots of DNA samples from each genotype were amplified with

*Corresponding author. E-mail: titilayomi2013@gmail.com. Tel: +23408020790765.

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons

Attribution License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

Table 1. List of soybean germplasms.

S/IN Genotype
1 TGX 1989-11F
2 TGX 1990-110FN
3 TGX 1989-42F
4 TGX 1990-95F
5 TGX 1989-45F
6 TGX 1989-53FN
7 TGX 1993-4FN
8 TGX 1989-75FN
9 TGX 1990-78F
10 TGX 1990-114FN
11 TGX 1987-62F
12 TGX 1448-2E
13 TGX 1989-40F
14 TGX 1990-52F
15 TGX 1989-48FN
16 TGX 1990-40F
17 TGX 1989-49FN
18 TGX 1990-57F
19 TGX 1989-68FN
20 TGX 1990-46F
21 TGX 1990-55F
22 TGX 1987-10F
23 TGX 1935-10F
24 TGX 1485-1D
25 TGX 1945-1F
26 TGX 1951-3F
27 TGX 1935-3F
28 TGX 1904-6F
29 TGX 1951-4F
30 TGX 1955-4F

each of the 14 oligonucleotide primers (Ingaba Inc. South Africa)
listed in Table 2 using a thermal cycler. The PCR were carried out
in 25 yl volumes containing 6.5 pl of 10 x Taq buffer, 4 pl of 2
mM dNTP mix, 1 pl primer, 1 pl of Taq polymerase, 1 ul MgCla,
10.5 yl Nuclease-free water and 1 pl template DNA. The PCR
method has an initial denaturation step at 94°C for 5 min,
followed by 44 cycles of 94°C for 1 min, 35°C for 1 min, and 72°C
for 2 min. A final extension step was given at 72°C for 7 min
(Mundewadikar and Deshmukh, 2014). The reaction was
repeated two times for each selected primer.

Gel electrophoresis

The PCR products were electrophoresed on 2% agarose gel in a
horizontal gel electrophoresis tank. 10 pl of DNA ladder and 16 pl
of PCR product were loaded on the gel and resolved for about 40
min. The gel was stained with ethidium bromide and visualized on a
Benchtop UV transilluminator and photographed with digital camera
for scoring.
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Table 2. List of primers used for RAPD analysis.

SIN Primer name Primer sequence (5' - 3')

1 OPA-01 CAGGCCCTTC
2 OPA-02 TGCCGAGCTG
3 OPA-03 AGTCAGCCAC
4 OPA-04 AATCGGGCTG
5 OPA-05 AGGGGTCTTG
6 OPA-07 GAAACGGGTG
7 OPA-08 GTGACGTAGG
8 OPA-09 GGGTAACGCC
9 OPA-10 GTGATCGCAG
10 OPC-01 TTCGAGCCAG
11 OPC-02 GTGAGGCGTC
12 OPC-05 GATGACCGCC
13 OPC-07 GTCCCGACGA
14 OPC-08 TGGACCGGTG

Scoring and data analysis

The data for RAPD analysis were scored from digital photographs
of ethidium bromide-stained agarose gels using the Ultraviolet
Bench Top illuminator. DNA bands were considered to be similar if
they occurred exactly at the corresponding position on the gel.
Band size was determined by comparing with a standard DNA
ladder run alongside the soybean genotypes. An RAPD band
profile, presence (1) or absence (0) was recorded into a binary
matrix. This matrix was subjected to genetic similarity analysis
using root mean square distance (RMSD) coefficient, and clustering
was done using a dendrogram constructed by an Unweighted
Paired group Method using Arithmetic Averages (UPGMA) (Garcia
etal., 1999).

Morphological characterisation

The morphological traits analyses were carried out at three weeks
of planting. Parameters measured in centimetres included: Plant
height, height of cotyledon leaves, basal leaf length, basal leaf
width, basal leaf area, terminal leaflets number, terminal leaflet
length, terminal leaflet width, terminal leaflet area and basal leaf
petiole length. Plant height was measured from ground level to
stem tip for three plants and mean plant height was recorded.
Cotyledon height was measured from ground level to cotyledon tip,
for three plants and mean cotyledon height was recorded. Basal
leaf length was measured from lamina tip to the point of intersection
of the lamina and stem and basal leaf width was measured from tip
to tip between the widest lamina. The leaf area (basal and terminal)
of each leaf was calculated using the method described by Pandy
and Singh (2011). Data generated was subjected to hierarchical
clustering using UPGMA, and a dendrogram was generated for the
10 traits studied using SAS 9.3.

RESULTS

The RAPD analysis of the 30 samples revealed a total
of23 bands (Table 3). Sixteen of these bands were highly
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Table 3. Analysis of RAPD banding pattern for soybean germplasms.

polymorphic with percentage polymorphism at 70%. The

Primer set Total number of Numbgr of Percgntage
bands polymorphic bands  polymorphic bands (%)
OPA-01, OPA-02, OPA-03 and OPA-04 6 5 83.3
OPA-05, OPA-07, OPA-08 and OPA-09 and OPA-10 9 3 333
OPC-01, OPC-02, OPC-05, OPC-07 and OPC-08 8 8 100
Total 23 16 70
Average 7.7 5.3
100 bp
Ladder 1 2 3 4 S 6 7 8 9 10 11 12 13 14 1S B M

1000bp

S00bp

100bp

100bp

ladder 16 17 18 19 20 21 24 25 26

)
-

28 29 30

1500bp
1000bp

500bp

100bp

Figure 1. Band profile of multiplex OPA-01, OPA-02, OPA-03 and OPA-04 Primers. 100 bp DNA ladder serves
as reference point; B represents the blank; 1 to 30 corresponds to bands produced by the amplified DNA from
30 soybean germplasms studied.: 1=TGX 1935-3F; 2=TGX 1987-62F; 3=TGX 1990-78F; 4=TGX 1993-4FN; 5=
TGX 1989-45F; 6=TGX 1904-6F; 7= TGX 1990-40F; 8= TGX 1989-68FN; 9= TGX 1990-52F; 10=TGX 1990-
57F; 11= TGX 1989-42F; 12= TGX 1990-55F;13= TGX 1835-10E; 14= TGX 1990-95F; 15= TGX 1990-114FN;
16= TGX 1989-53FN;17= TGX 1448-2E; 18= TGX 1990-46F; 19= TGX 1987-10F; 20= TGX 1485-1D; 21= TGX
1945-1F; 22= TGX 1951-4F;23=TGX 1990-110FN, 24=1989-11F; 25=1989-40F; 26=TGX 1955-4F; 27= TGX
1989-48FN; 28= TGX 1951-3F; 29= TGX 1989-49FN and 30= TGX 1989-75FN. The band fragments of
multiplex of OPA-05, OPA-07, OPA-08, OPA-09 and OPA-10 primers ranged from 100 to 110 bp or 1.1 kbp

OPA-09 primers produced the highest number

amplified band sizes varied between 100 and 1100 bp.
The numbers of amplification products obtained were in
the range 6 to 9. Multiplex of OPA-01, OPA-02, OPA-03
and OPA-04 primers produced the minimum number of
polymorphic bands (6), OPA-05, OPA-07, OPA-08 and

polymorphic bands (9) and multiplex of OPA-10, OPC-01,
OPC-02, OPC-05 and OPC-07 primers produced 8
polymorphic bands representing 100% polymorphism. An
average of 5 bands was also obtained per primer set.
Figures 1 to 3 show the band profiles of RAPD markers
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Figure 2. Band profile of multiplex OPA-05, OPA-07, OPA-08, OPA-09 primers and OPA-10. 1=TGX 1935-3F; 2=TGX
1987-62F; 3=TGX 1990-78F; 4=TGX 1993-4FN; 5= TGX 1989-45F; 6=TGX 1904-6F; 7= TGX 1990-40F; 8= TGX 1989-
68FN; 9= TGX 1990-52F; 10=TGX 1990-57F; 11= TGX 1989-42F; 12= TGX 1990-55F; 13= TGX 1835-10E; 14= TGX
1990-95F; 15= TGX 1990-114FN; 16= TGX 1989-53FN;17= TGX 1448-2E; 18= TGX 1990-46F; 19= TGX 1987-10F;
20= TGX 1485-1D; 21= TGX 1945-1F; 22= TGX 1951-4F; 23= TGX 1990-110FN, 24=1989-11F; 25=1989-40F;
26=TGX 1955-4F; 27= TGX 1989-48FN; 28= TGX 1951-3F; 29= TGX 1989-49FNand 30= TGX 1989-75FN. The band
fragments of Multiplex OPC-01, OPC-02, OPC-05, OPC-07 and OPC-08 primers ranged from 150 bp to 700 bp.

for the thirty soybean germplasms studied. The band
fragments of multiplex OPA-01, OPA-02, OPA-03 and
OPA-04 primers ranged from 120 to 500 bp.

Figure 4 represents the distance matrix tree from the
RAPD markers showing the degree of genetic diversity
and/or relatedness of the 30 soybean germplasms. The
consensus tree (generated placed the soybean
germplasms into 5 groups at an agglomerate coefficient
of 0.6 (similarity level). Cluster 1 revealed the genetic
relatedness of 5 germplasms namely, TGX 1935-3F,
TGX 1989-45F, TGX 1990-95F, TGX 1990-114FN and
TGX 1989-75FN. Cluster 2 comprised of six germplasms
namely, TGX 1987-62F, TGX 1989-53FN, TGX 1990-
46F, TGX 1989-49FN, TGX 1993-4FN and TGX 1904-6F.
Cluster 3 being the cluster with the largest germplasms

comprised of 18 closely related germplasms namely,
TGX 1990-78F, TGX 1989-42F, TGX 1989-68FN, TGX
1990-55F, TGX 1448-2E, TGX 1945-1F, TGX 1951-4F,
TGX 1935-10E, TGX 1987-10F, TGX 1485-1D, TGX
1989-48FN, TGX 1990-52F, TGX 1990-57F and TGX
1990-40F. Cluster 4 comprised of 3 germplasms namely,
TGX 1989-40F, TGX 1955-4F and TGX 1951-3F. Lastly,
cluster 5 consisted of 2 germplasms (TGX 1989-11F and
TGX 1990-110FN) which are outliers that are genetically
different from all other germplasms.

Similarly, cluster analysis from the morphological
characterisation of the soybean germplasms (Figure 5)
revealed 5 clades with an average distance between
clusters of 0.75. Cluster 1 comprised ten germplasms
namely, TGX 1448-2E, TGX 1989-48FN, TGX 1951-3F,
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Figure 3. Band Profile of Multiplex OPC-01, OPC-02, OPC-05, OPC-07 and OPC-08 primers. 1=TGX 1935-3F; 2=TGX 1987-
62F; 3=TGX 1990-78F; 4=TGX 1993-4FN; 5= TGX 1989-45F; 6=TGX 1904-6F; 7= TGX 1990-40F; 8= TGX 1989-68FN; 9=
TGX 1990-52F; 10=TGX 1990-57F; 11= TGX 1989-42F; 12= TGX 1990-55F; 13= TGX 1835-10E; 14= TGX 1990-95F; 15=
TGX 1990-114FN; 16= TGX 1989-53FN;17= TGX 1448-2E; 18= TGX 1990-46F; 19 TGX 1987-10F; 20= TGX 1485-1D; 21=
TGX 1945-1F; 22= TGX 1951-4F; 23= TGX 1990-110FN, 24=1989-11F; 25=1989-40F; 26=TGX 1955-4F; 27= TGX 1989-48FN;
28= TGX 1951-3F; 29= TGX 1989-49FN and 30= TGX 1989-75FN.

TGX1989-68FN, TGX 1990-52F, TGX 1989-45F, TGX
1935-3F, TGX 1993-4FN, TGX 1990-46F and TGX 1989-
53FN. Four germplasms namely, TGX 1485-1D, TGX
1990-46F, TGX 1989-49FN and TGX 1990-55F were
grouped into cluster 2. Cluster 3 consists of twelve
germplasms that are morphologically related namely,
TGX 1835-10E, TGX 1990 -40F, TGX 1989-11F, TGX
1990-110FN, TGX 1990-57F, TGX 1945-1F, TGX 1989-
40F, TGX 1990-114FN, TGX 1951-4F, TGX 1987-10F,
TGX 1989-42F and TGX 1990-95F. Cluster 4 has three
germplasms namely, TGX 1987-62F, TGX 1955-4F and
TGX 1990-78F. Also, the dendrogram shows that cluster
5 consists of an outlier (TGX 1989- 75F) that is

morphologically different from all other germplasms.

DISCUSSION

The high degree of polymorphism revealed by the RAPD
markers was further accentuated by the observation
fromthe cluster analysis. The molecular characterization
of the 30 soybean germplasms with RAPD markers
revealed 70% polymorphism, indicating a high level of
genetic diversity in the soybean germplasms investigated.
This result also shows that the RAPD markers were
highly polymorphic and informative. The result is in
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Figure 4. Dendrogram of all RAPD primers showing the genetic diversity amongst thirty soybean
germplasms using UPGMA method (distance matrix using RMSD coefficient).

agreement with the report of Chowdhury et al. (2001) that
RAPD markers are efficient for measuring genetic
diversity and relatedness as well as identifying varieties
of soybeans. This is the first report of genetic diversity
analysis of advanced soybean genotypes (breeding lines)
in Nigeria using RAPD markers. This result is in
concordance with the previous reports of Singh et al.

(2008) who reported 89.9% polymorphism, while Li and
Nelson (2005) reported 56% polymorphism in their
studies using RAPD primers. However, Thompson et al.
(1998) observed a low level (36%) of DNA variation
among 35 soybean genotypes using RAPD primers.
Conflicting reports on the extent of observed
polymorphism in soybean in different studies could be
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Figure 5. Dendrogram of morphological traits.

attributed to the unique nature of the genetic materials
under investigation and sequences of the primers.

There was a significant lack of correlation between the
RAPD markers and the morphological traits evaluated.
Although, both analyses grouped the soybean genotypes
into 5 clades, the composition of the individual clusters
were very variable and divergent. For example, cluster 3
was the largest cluster in both cases with 12 and 14
members for genetic and morphological relatedness
respectively but, the correlation was only 35-42% (TGX
1989-42F, TGX 1987-10F, TGX 1951-4F, TGX 1945-1F
and TGX 1990-57F). Furthermore, whereas TGX 1990-
110FN and TGX 1989-11F were outliers and genetically
distinct and distant from the other germplasms in the
RAPD dendrogram, they were shown to be
morphologically related to at least 10 other germplasms
in cluster 3. Also, TGX 1989-75FN was morphologically

0.50 0.73 1.00 1.25

Average Distance Between Clusters

different to all the other germplasms and hence an outlier
in the dendrogram. In the genetic characterisation
however, it was shown to be genetically related to 4 other
germplasms in cluster 1. This lack of correlation between
genetic and morphological diversity have been previously
reported in other plant species (Doebley, 1989). It could
well be as Zannou et al. (2008) surmised that during the
process of domestication, modifications in a few genes
can lead to marked phenotypic differences.

In terms of morphological characterisation, this study
agrees with several earlier studies on soybean using
morphological markers (Malek et al., 2014; Ojo et al.,
2012; Igbal et al., 2008; Cui et al., 2001) such as branch
number, plant height, pod number and seed weight, seed
shape, seed eye colour, yield, etc. which have all
provided useful information for proper classification of
soybean germplasms.



Conclusion

Summarily, this study reveals the presence of significant
genetic variability in the 30 soybean genotypes
investigated. Genetic diversity and/or relationship
assessments could provide useful information for efficient
utilization of these germplasms, especially during future
improvement programmes. This result also showed that
the RAPD markers were highly polymorphic and
informative, clearly grouping the genotypes into distinct
clusters. Although, the correlation between the largest
clusters in the molecular and morphological
characterisation was only 35-42%, enlarging the sample
size in subsequent investigations could provide a clearer
picture and perhaps better information between the two.
Nevertheless, advanced breeding lines of soybean which
have undergone cycles of artificial selection, should not
be neglected when further improvement of soybean is
considered.
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Synthesis of nanoparticles was done by green method. Aqueous extracts of Vernonia amygdalina,
Telferia occidentalis and Lasianthera africana were used as the model vegetables. Silver nitrate was
used as the silver precursor, while the plant extracts served as the reducing agents and Xanthan gum
(0.25, 0.5, 0.75 and 1.00% w/v) was introduced as stabilizing agents. Twelve batches of silver
nanoparticles were synthesized: 0.25% V. amygdalina, 0.50% V. amygdalina, 0.75% V. amygdalina,
1.00% V. amygdalina, 0.25% T. occidentalis, 0.5% T. occidentalis, 0.75% T. occidentalis, 1.00% T.
occidentalis, 0.25% L. africana, 0.50% L. africana, 0.75% L. africana, and 1.00% L. africana. The
nanoparticle formation was confirmed with the visible colour change from colourless to characteristic
reddish brown and the plasmon resonance peak ranges from 350 to 500 nm. The surface plasmon
resonance (SPR) characteristic peak for synthesized nanoparticles gave values from 371 to 452 nm.
Nanoparticles synthesized from V. amygdalina and T. occidentalis had similar (p > 0.05) peaks for the
surface plasmon resonance. Nanoparticles synthesized from L. africana had the least SPR (371 nm).
After 9 months of storage, SPR and colour of nanoparticles remain unchanged. The antimicrobial
activities of these nanoparticles were studied against Escherichia coli, Staphylococcus aureus,
Pseudomonas aeruginosa, and Bacillus subtilis. They had satisfactory inhibitions against the four test
microorganisms. Among the different vegetables used in the study, L. africana had the highest
sensitivity.

Key words: Silver nanoparticles, green method, characterisation, antimicrobial.

INTRODUCTION

The use of plants for the preparation of nanoparticles has which contain biomolecules of medicinal value (Roy and
gained more relevance in the last decade as the Das, 2015). Extensive researches have been carried out
technique is simple and involves the use of plants extracts on silver nanoparticles as a major group of nanomaterials.
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They have attracted a great deal of attention due to their
peculiar physico-chemical, optical and biological
properties (Rao and Tang, 2017). Nano silver has
immense applications in the field of detection,
diagnostics, therapeutics, and antimicrobial activity
(Sachin et al., 2012).

Various chemical and physical methods have been
developed to prepare silver nanoparticles (AgNPs).
Among them, the chemical reduction is the most widely
used. These approaches are usually associated with the
use of hazardous chemicals such as reducing agent,
stabilizers, and organic solvents. This may also involve
special requirements for the employed techniques such
as high energy radiation and microwave irradiation (Rao
and Tang, 2017). Some physical and chemical techniques
used in the preparation of AgNPs have also been
reported (Yang et al., 2011; Korbekandi and Abbasi,
2009). Many of these methods are either expensive or
involve the use of harmful chemicals. Therefore, there is
an increasing need to develop the eco-friendly, nontoxic
and cost-effective methods for the preparation of AgNPs
without the application of toxic chemicals and special
equipments. In recent years, the biological approaches
using microorganisms and plant extracts have become
valuable alternatives to chemical synthesis.

The synthesis of silver nanoparticles has been carried
out using fruit rind extract of Citrullus lanatus (Ndikau et
al., 2017). Synthesis of silver nanoparticles have also
been done using Murraya koenigii (Jackson et al., 2016),
Pulicaria glutinosa (Khan et al, 2013), Eriobotrya
japonica leaf extract (Rao and Tang, 2017), and apple
extract (Ali et al., 2016). The preparation of silver
nanoparticles using Cinnamomum camphora (Xin et al.,
2010) and Nicotiana tobaccum (Kumar et al., 2011) has
been found in literature. Seaweed (Ganesan et al.,
2013a) and enzymes (Ganesan et al., 2013b) have also
been employed in silver nanoparticle preparation.

In spite of all these researches, there is dearth of
information on the synthesis of silver nanoparticles using
xanthan in addition to edible plants, hence, the need for
this study with the following objectives; to prepare
aqueous extract of some edible plants (Vernonia
amygdalina, Telfaria occidentalis, and Lasianthera
africana) and use the extracts as reducing agents in the
synthesis of silver nanoparticles. The antimicrobial
properties of the nanoparticles were also determined.

MATERIALS AND METHODS

Xanthan gum (Sigma Aldrich, USA), silver nitrate (BDH Chemicals,
England), and plant extract (T. occidentalis, V. amygdalina, and L.
africana) were the materials used. Other chemicals and reagents
were of laboratory grade.

Preparation of plant extract

Fresh leaves of V. amygdalina (bitter leaf), L. africana (editan leaf)
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and T. occidentalis (pumpkin leaf) were collected from a farm in
Uyo and washed several times with water to remove the dust
particles. They were sun dried to remove the residual moisture and
ground to form powder. Then plant extract was prepared by mixing
1% of plant extract in deionized water in a 250 ml of conical flask.
Then, the extract was centrifuged for 30 min at 5000 rpm. The
supernatant was separated with Whatman filter paper. Then the
resultant solution was used for the reduction of silver ions (Ag*) to
silver nanoparticles (Ag°®).

Synthesis of silver nanoparticles
Preparation of 1% w/v of silver nitrate solution

Silver nitrate solution (1% wi/v) was prepared by dissolving 5.0 g of
silver nitrate in distilled water and making the volume to 500 ml.

Preparation of polymer solution

Xanthan gum suspension (0.25, 0.50, 0.75 and 1.0% w/v) was
prepared by dissolving 0.25, 0.5, 0.75, and 1.0 g of Xanthan gum in
100 mL of distilled water. These served as stabilizing agents in the
nanoparticle synthesis.

Preparation of silver nanoparticles

To each of the polymer suspension, 2.5 ml of silver nitrate solution
was added in drops over a period of 30 s under constant stirring
using a magnetic stirrer assembly. This was followed by
incorporation of 10 ml of reducing agent (freshly prepared edible
plant extract). The composition of the silver nanoparticles is shown
in Table 1.

UV Vis spectroscopy

The optical property of AgNPs was determined by UV-Vis
spectrophotometer, UNICO 2100, China. UV-Vis spectrophotometer
allows identification, characterization and analysis of metallic
nanoparticles. In general, 200 to 800 nm light wavelength is used
for the characterization.

Antimicrobial studies

Agar dilution method was used to determine the antimicrobial
activities of the silver nanoparticle against S. aures, Bacillus subtilis,
Pseudomonas aeruginosa, and Escherichia coli. Microbes were
pipetted and dropped on 3 batches of petri dishes (12 plates)
already labeled with respect to the nanoparticles and their
concentrations. 20 ml of Mackonkey agar (HiMedia) was swirled
with the cultures. Sterile Cork borer of 4 mm diameter was used to
bore four holes in each plate (three holes for nanoparticles’
concentrations 0.05, 0.10, and 0.15% w/v and one hole for the
control of which an antibacterial standard drug-Erythromycin were
used). The silver nanoparticles were placed in each hole of the agar
plate and incubated at 37°C for 24 h. Based on inhibition zones
around the hole, the antimicrobial activities were measured
saturated with plant extract synthesized silver nanoparticle. The
results are shown in Table 3.

RESULTS AND DISCUSSION

The results for the characterization of synthesized
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Table 1. Composition of Silver nanoparticles.

Batches Xanthan gum (g) Distilled water (ml) AgNO;3 (ml) Reducing agent (ml)
0.25% wiv VA 0.25 100 25 10
0.5% wiv VA 0.5 100 25 10
0.75% wiv VA 0.75 100 25 10
1.0% wiv VA 1.0 100 25 10
0.25% w/v TO 0.25 100 25 10
0.5% w/v TO 0.5 100 25 10
0.75% w/v TO 0.75 100 25 10
1.0% wiv TO 1.0 100 25 10
0.25% w/v LA 0.25 100 25 10
0.5% w/v LA 0.5 100 25 10
0.75% wiv LA 0.75 100 25 10
1.0% wiv LA 1.0 100 25 10

VA, TO and LA stands for, Vernonia amygdalina, Telfaria occidentalis and Lasianthera africana, respectively.

Table 2. SPR bands of Silver nanoparticles characterization.

Batches Distilled water (ml) AgNOs(ml) Reducing agent (ml) Colour change SPR peak (hm)
0.25% wiv VA 100 25 10 Reddish brown 451
0.5% w/v VA 100 2.5 10 Reddish brown 451
0.75% wiv VA 100 25 10 Reddish brown 451
1.0% w/v VA 100 2.5 10 Reddish brown 451
0.25% w/v TO 100 25 10 Reddish brown 452
0.5% w/v TO 100 25 10 Reddish brown 451
0.75% w/v TO 100 25 10 Reddish brown 416
1.0% w/v TO 100 25 10 Reddish brown 411
0.25% wiv LA 100 25 10 Reddish brown 371
0.5% wiv LA 100 25 10 Reddish brown 371
0.75% wi/v LA 100 2.5 10 Reddish brown 372
1.0% wiv LA 100 2.5 10 Reddish brown 371

VA, TO and LA stands for, V. amygdalina, T. occidentalis and L. africana, respectively.

Table 3. Antimicrobial activities of silver nanoparticles.

Zone of inhibition (cm)

Microorganism

Standard drug (Erythromycin) V. amygdalina T. occindentalis L. africana
E. coli 35 1.3 14 0.15
S. aureus 15 1.2 15 1.6
P. aeruginosa 25 15 1.3 1.4
B. subtilis 2.6 1.5 1.3 1.8

nanoparticles are shown in Table 2. The results for the
determination of optimized batches of antimicrobial
activities of synthesized silver nanoparticles are shown in
Table 3.

Antimicrobial studies

The antimicrobial activity of silver nanoparticles was

carried out against both Gram positive and Gram
negative bacteria. The synthesized silver nanoparticles
exhibited good antibacterial activity against both Gram
negative and Gram positive bacteria. Based on the zones
of inhibition produced (Table 3), E. coli was most
sensitive to L. Africana (inhibition zone diameter = 1.5
cm) and least sensitive to T. occidentalis (inhibition zone
diameter = 1.3 cm). B. subtilis was also least sensitive to
T. occidentalis (inhibition zone diameter = 1.3 cm) and



most sensitive to L. africana (inhibition zone diameter =
1.8 cm). A similar trend of sensitivity was observed with
P. aeruginosa. However, with Staphylococcus aureus,
the sensitivity pattern was slightly different. The
microorganism was most sensitive to L. africana
(inhibition zone diameter = 1.6 cm) but least sensitive to
V. amygdalina (inhibition zone diameter = 1.2 cm).
Among the different vegetables used in the study, L.
africana appeared to have the broadest antimicrobial
activity.

Silver nanoparticles are widely known for their
antimicrobial properties. The widespread cases of
multidrug resistant bacteria against the standard
antibiotics have led scientists to potentially incorporate
AgNPs and other nanomaterials as ingredient to enhance
the antibiotic efficacy (Ali et al., 2016). In some cases, all
the microbes were all eliminated (Sathishkumar et al.,
2009). There have been several proposed mechanisms
on how AgNPs work as antibacterial, although the exact
mechanism is still unknown. Several reports including
Kumar and Minstedt (2005) suggested that the AgNPs
could produce Ag ions which will damage the cell
membrane, interrupt the metabolic activity, and
subsequently lead to denaturation of protein and finally
cell death. AgNPs could also produce reactive oxygen
species (ROS) such as singlet oxygen ‘O, hydroxyl
radical -OH, and peroxide radical R-O-O+ which are
harmful to the bacteria (Carlson et al., 2008).

Colour change

Reduction of silver ions into silver nanoparticles during
exposure to plant extracts was observed as a result of
the colour change. The colour change was due to the
surface plasmon resonance (SPR) phenomenon. The
metal nanoparticles have free electrons, giving the SPR
absorption band, due to the combined vibration of
electrons of metal nanoparticles in resonance with light
wave. Silver nanoparticles synthesized from plants
extracts have been observed to exhibit brownish colour in
aqueous solution due to SPR (Logeswari et al., 2015).

UV Vis spectroscopy

The sharp bands of silver nanoparticles were observed
around 451 nm in case of V. amygdalina for all four
concentrations, whereas the bands for L. africana were
observed around 371 nm (0.25 g), 371 nm (0.75 g), and
371 nm (1.0 g). For T. occidentalis, the bands were
observed at 452 nm (0.25 g), 451 nm (0.5 g), 416 nm
(0.75 @), and 411 nm (1.0 g). From different literature, it
was found that the silver nanopatrticles show SPR peak at
around 420 to 450 nm (Rao and Tang, 2017; Ali et al.,
2016). From these studies, the SPR peak for T.
occidentalis was found at 451 nm and the SPR peak for
V. amygdalina was found at 451 nm, whereas for L.
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africana, it was found at 371 nm. These results are
similar to the SPR peaks observed by Jackson et al.
(2016). T. occidentalis and V. amygdalina leaf extracts
seem to have more potential to reduce Ag ions into Ag
nanoparticles than L. africana. The intensity of absorption
peak increases with time. This characteristic colour
variation is due to the excitation of the SPR in the metal
nanoparticles. The reduction of the metal ions occur fairly
rapidly; more than 90% of reduction of Ag+ ions was
complete within 4 h after addition of the metal ions to the
plant extract. The metal particles were observed to be
stable in solution even 4 weeks after their synthesis.
There was no visible change in colour and the UV-Vis
peaks of the nanoparticle solutions with time.

Conclusion

The rapid biological synthesis of silver nanoparticles
using bitter leaf (V. amygdalina), editan leaf (L. africana),
and pumpkin leaf (T. occidentalis) extract provides
environmental friendly, simple and efficient route for
synthesis. The change in colour from yellow to reddish
brown is the characteristic of silver nanoparticles. SPR
characteristic peak for the synthesized nanoparticles
gave values from 371 to 452 nm which confirmed the
formation of silver nanoparticles. Nanoparticles
synthesized from V. amygdalina and T. occidentalis have
similar (P<0.05) peaks for the SPR. Nanoparticles
synthesized from L. africana had at least SPR (371 nm).
After nine months of storage at room temperature and at
4°C, the SPR peak and colour of nanoparticles remain
unchanged.

These edible plants used in the synthesis are readily
available, affordable, non-toxic and biocompatible. They
are generally regarded as safe (GRAS). The antimicrobial
activity of these nanoparticles was studied against E. coli,
S. aureus, P. aeruginosa and B. subtilis. They have the
satisfactory inhibitions against the four mentioned
microorganisms. Among the different vegetables used in
the study, nanoparticles synthesized from L. africana
appeared to have the highest antimicrobial activity.
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Bacterial soft rot disease is one of the most important factors affecting potato production in Jordan.
Based on biochemical and physiological analyses, Jordanian isolates of soft rot from potato were
identified as Pectobacterium carotovorum subspecies carotovorum (DYE 1969). Phylogenetic analysis
using pmrA gene sequence data showed that isolates from different regions were closely related to
each other, whereas little genetic diversity was observed between these isolates. A DNA marker was
developed from nucleotide sequences of the pmrA gene and a 318 bp fragment was polymerase chain
reaction (PCR) amplified specifically from P. carotovorum subspecies carotovorum isolates, which
could be used for detection of the disease in potato tubers.

Key words: Potato soft rot, Solanum tuberosum, genetic diversity, pmrA gene, Pectobacterium carotovorum

subspecies carotovorum, Jordan.

INTRODUCTION

Potato (Solanum tuberosum L.) is one of the most
common and important vegetable crops in Jordan, used
for both consumption and export. During 2016, area
planted with potato was 508600 hectares with production
of 15858000 kg (Anonymous, 2016).

Bacterial soft rot disease is commonly found in potato
growing regions worldwide (Perombelon, 2002;
Czajkowski et al., 2009). Several studies have shown that
the soft rot causal agents are too divergent to be included
in one clade (Knwon et al., 1997; Hauben et al., 1998).
The new classification grouped the genus Erwinia into
Pectobacterium (formally Erwinia carotovora) and

*Corresponding author. E-mail: ibfihal@narc.gov.jo.

Dickeya spp., according to the differences of pectolytic
enzymes secreted through type Il secretion system. Two
species, Dickeya chrysanthmi and Pectobacterium
carotovorum are particularly damaging to potato
production (Toth et al., 2001; Czajkowski et al., 2009). P.
carotovorum is a highly diverse species and is currently
divided into five subspecies: atrosepticum,
betavasculorum, carotovorum, odoriferum and wasabiae
(Hauben et al., 1998) with subspecies carotovorum and
atrosepticum causing rotting of potato during vegetative
growth and in stored tubers.

Control of bacterial diseases depends on the accurate
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detection and identification of the causal agent. Although,
diagnosis of bacterial diseases based on symptoms is
simple, symptoms are not always specific and can be
confused with other biotic or abiotic factors. For
preventive control measures, detection of the causal
agent in symptomless plant material is necessary, but
can be difficult, because the pathogen may be present in
low population densities and in uneven distribution in the
infected plants (Palacio-Bielsa et al., 2009). However, the
diagnosis of the disease is not always related to field
inspection, so, it is important to detect the pathogen in
seed potato tubers before distribution to farmers in order
to prevent spreading the disease. Efficient, low cost
detection and identification methods are essential to
investigate the ecology and pathogenesis of soft rot
Enterobacteriaceae as well as in seed certification
programmes (Czajkowski et al., 2014).

In a review by Czajkowski et al. (2014), more than 30
methods have been employed to detect, identify and
differentiate soft rot causal agents to species and
subspecies levels; including biochemical characters,
serology and molecular techniques. Within the past 30
years, there has been a shift from microbiological and
serological methods to molecular approaches (Palacio-
Bielsa et al., 2009; Czajkowiski et al., 2014). DNA
markers have been used for the rapid detection of
different strains of P. carotovorum subspecies
carotovorum (Pcc) (Kang et al., 2003; Zhu et al., 2010;
Rahmanifer et al., 2012; Azadmanesh et al., 2013). DNA
sequence analysis of gene pmrA, which is linked to
pathogenicity (response regulator), was used to evaluate
the relationship among Pcc isolates collected from
different regions of Morocco and results were equivalent
to enterobacterial repetitive intergenic consensus-
polymerase chain reaction (ERIC-PCR) and 16S rDNA
sequencing (Kettani-Halabi et al., 2013).

In Jordan, Erwinia carotovora subsp. carotovora, which

is recently known as Pcc, was identified as the causal
agent of soft rot disease of vegetables, its detection and
identification was carried out through traditional
techniques. The pathogen infects and causes disease on
a wide variety of hosts belonging to different families of
vegetables either in field and storage in different areas
including, Jordan Valley and Uplands. Soft rot of potatoes
is a tuber borne disease where the contaminated mother
tubers are reported to be the main source of inoculum.
However, this bacterium was found to survive in the soil
with population trends varying with the fluctuation in soil
temperature (Rajeh and Khlaif, 2000).
Traditional techniques used for detection and
identification of the causal agents are time consuming
and relatively insensitive. Therefore, there is an urgent
need for a sensitive and highly specific technique for
rapid detection and identification of Pcc.

In this study, the detection, identification and genetic
diversity of Jordanian isolates of P. carotovorum
subspecies carotovorum were evaluated based on pmrA

gene sequencing analysis.

MATERIALS AND METHODS
Samples collections and bacterial isolation

Samples including stem and tubers suspected to be infected with
soft rot were randomly collected throughout potato growing areas in
Jordan during the growing seasons, fall and spring seasons and
from storage facilities from different potato growing areas in Jordan.

Twenty potato growing regions and nine storage sites were
surveyed and representative potato samples were collected from
each site. Logan's and nutrient agar media were used for bacterial
isolation (Fahy and Parsley, 1980; Schaad et al., 2001). The P.
carotovorum subspecies carotovorum (Pcc) reference culture
NCPPB312 was obtained from Food and Environment Research
Agency, United Kingdom to identify Pcc isolates.

Biochemical and physiological tests

The 205 Pcc isolates were evaluated for oxidase and catalase
reactions, potato soft rot, oxidative fermentative, ability to grow at
37°C, sodium chloride tolerance, reducing substances from
sucrose, urease production and acid production from carbohydrates
utilized as carbon source as described by Schaad et al. (2005) for
characterization of the isolates.

Genomic DNA extraction from bacterial cultures

Pure bacterial cultures grown on NA media at 37°C for 24 h were
used for DNA extraction. Genomic DNA was extracted using the
DNeasy Blood and Tissue Kit (Qiagen, Valancia, CA) according to
the manufacturer's instruction. DNA was quantified and stored at -
20°C for further analysis.

Characterization of isolates with pmrA marker

The isolates were subjected to PCR amplification using pmrA
primer  set:  F0145: TACCCTGCAGATGAAATTATTGATT-
GTTGAAGA; E2477: TACCAAGCTTTGGTTGTTCCCCTTTGGTCA
(Kettani-Halabi et al., 2013). Primers were designed based on the
sequence of pmrA gene in Erwinia species.

DNA amplification were performed in a BIORAD T100™ thermal
cycler (BioRad, Hercules, CA) using the following protocols. PCR
amplification was conducted in a 25 pl reaction containing 5.0 pl
Crimson Tagq buffer (5X), 1.1 yl MgCl, (25 mM), 0.5 pl of dNTPs (10
mM), 1.25 pl of each primer (10 pM), 0.13 ul of Taq polymerase
(5U/ul)y and 2 pl of the template DNA where its concentrations
ranged between 450 and 600 ng/ul. The reaction involved initial
denaturation (94°C for 3 min) followed by 32 cycles of denaturation
(94°C for 1 min), annealing (47°C for 1 min), extension (72°C for 1
min) and final extension (72°C for 7 min). The amplified products
were electrophoretically separated in 1.5% (w/v) agarose gel at
110 V for 35 min in TBE buffer and visualized with UV light after
staining in a solution of ethidium bromide (0.5 pg/mL).

DNA sequencing of PCR amplification products

Samples were chosen after showing the specific bands. Taken into
consideration resembling of different potato growing regions, bulk
PCR amplification was conducted as described above for Pcc
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Figure 1. pmrA nucleotides sequences alignment used to design primers specific for PCR amplification of Pectobacterium carotovorum
subsp. carotovorum Jo-isolates Q; 16, 27, 30, 19, 14, 21, 29, 23, A; 11, 2, 5 and Pcc reference strains; Pcc strain P603AH1 (Acc. no.
JQ278721.1) and Pcc strain P116C2 (Acc. no. JQ278749.1) from Morocco; Pcc, Iran strain Irca3 (Acc. no. KJ634063.1) and Pcc Japan strain

(Acc. no. AB447882.1).

isolates. DNA bands were excised from agarose gels and purified
using Wizard SV Gel and PCR Clean Up System (Promega)
according to the manufacturer’s instructions.

DNA fragments were ligated into the pGEM-T Easy Vector
(Promega) according to the manufacturer’s instructions. Ligated
products were transformed into JM109 high efficiency competent
cells. Five recombinant colonies (white colonies), were selected for
each reaction and grown in 4 mL LB broth containing ampicillin
(100 pg/ml), at 37°C overnight with shaking at 200 rpm. Plasmid
DNA was isolated from cultures using the Pure Yield Plasmid
Miniprep Kit. Clones were tested for inserts and fragment size and
two clones, from each Pcc isolate were sent for sequencing to
Macrogen (Seoul, Rep. of Korea) and sequenced from both
directions using SP6 and T7 primers.

Sequence analysis

The DNA sequence data were analyzed and homology search was
performed using Basic Local Alignment Searching Tool (BLAST) at
NCBI (http://blast.ncbi.nim.nih.gov/Blast.cgi). Multiple alignments
were conducted using the ClustalX (Thompson et al., 1997). The
sequences were then analyzed using GenDoc program from MEGA
(Kumar et al., 2001).

Phylogenetic analysis

Evolutionary tree was reconstructed using the Neighbor-Joining

(NJ) program of MEGA (Kumar et al., 2001). The stability of
relationships was assessed by performing bootstrap analyses of the
Neighbor-Joining with a 1000 replicate bootstrap search.

Primers design

Comparisons of sequences of pmrA and other sequences of
reference strains published in the GenBank were performed (Figure
1) and new specific primers were designed on the basis of
similarities between Pcc Jo-isolates. Primer was designed using
Primer3 software available at NCBI. Both specificity and sensitivity
for set of primers were determined.

In order to assess the specificity of the designed primers, PCR
was carried out for different isolates confirmed earlier as Pcc
together with isolates belonging to other bacterial genera.

To assess the sensitivity of the designed primers, serial dilutions
of different bacterial DNA extracts were prepared in NFW from
1x10™ to 1x107 diluted from 100 ng DNA as well as DNA without
dilution, then 2 pl aliquots were directly used as templates for PCR
reaction using set of primers.

RESULTS

Two hundred and five rotted potato samples suspected to
be infected with soft rot disease were collected from
fields and storage throughout potato growing areas in
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Table 1. Locations, sampling date and number of samples collected.

Region Location Sampling date Number of
samples collected
Amman Commercial Stores 26/07/2015 15
Torrah/Hallan Way 10/06/2014 15
AR Ramtha Torrah/Tangeeh Station 16/04/2014 16
Ashshuna Al Janoubiyya /Wadi Al Abiad 20/01/2014 3
Deir Alla 15/01/2014 5
Deir Alla Station 08/04/2014 6
Jordan Valley Ghor Kabed 26/03/2014 25
Karameh 29/01/2014 8
North Ghor/Al Sleakhat 20/11/2013 5
Sharhabeel 16/02/2014 25
Modawwarah 23/01/2014 5
Ma'an Modawwarah 29/05/2014 8
Al Quwayra 08/05/2014 6
Al Ariesh 03/07/2014 4
Madaba Jrainah 13/11/2013 14
Samek 23/04/2014 6
Mghayyer serhan 29/06/2014 2
Mafraq Sama serhan 15/01/2014 9
Sama serhan 26/07/2015 20
Thoghret El-Jobb 29/06/2014 8
Total number of samples 205

Jordan during summer, autumn and winter seasons, from
November, 2013 to July, 2015 in 20 locations (Table 1).

Biochemical and physiological tests

Bacterial isolates were found to be oxidase negative,
catalase positive, fermentation of glucose positive, rotting
induced on inoculated potato slices, urease enzyme
producing, develop growth on nutrient agar plates
incubated at 37+2°C and on 5% NaCl. Also, all isolates
were able to oxidize the alcoholic sugar and discharge it
in the media to acidic reaction and were not able to
reduce substances from sucrose. The reactions of the
tested bacterial isolates to the different biochemical,
physiological and nutritional tests were identical with the
results of the same tests conducted for the reference
bacterial culture of Pcc isolate NCPPB312.

Detection of Pcc using (PCR) with pmrA primer set

The DNA extracts of different isolates biochemically
identified as Pcc were of good quality and quantity;

distinctive bands were detected when DNA extracts were
ran in 1.0% agarose gel. Furthermore, the
spectrophotometer readings indicated that the DNA
concentrations ranged between 450 and 600 ng/ul and
the 260/280 ratio ranged between 1.8 and 2.0. Bacterial
isolates showed band of about 666 bp (Figure 2) when
tested using the specific set of primers pmrA
(FO145/E2477).

Sequencing analysis

Maximum nucleotide similarity (BLASTn) with closely
related species/subspecies ranged from 91 to 100% with
Pcc strain P603AH1 (Acc. no. JQ278721.1) from
Morocco. Similar results were obtained with maximum
amino acid similarity (BLASTX).

Phylogenetic analysis
Most of the isolates from Mafraq (Jo-Q16, 19 and 23) and

Amman (Jo-A5 and 11) formed a single cluster together
with strains from Morocco, Iran and Japan with a
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Figure 2. Agarose gel electrophoresis for PCR-amplified DNA of Pectobacterium carotovorum subsp.
carotovorum isolates using pmrA primers set with the expected amplified product of 660 bp. Lane M
represents Ladder 100 bp (GeneDirex). Lanes 1- 10, isolates Jo-Q16, Q19, All, A2, Q14, Q21, Q29,
A5, Q23 and Q27, respectively. Lanes C+, positive control (reference isolate NCPPB312), C-: Negative
control isolate Escherichia coli and B: Buffer (Abu-Obeid et al., 2018).

Feo stram Trca? (Iran)
Feoe stramm PH0ZAHT (IMorocco)
Fee pmrd complete cds (Tapan)
Fee strain P116C2 Morocco)
To-45
— Jo-016
Jo-0319
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To-3321
To-014

Jo-Q27

To-(Q30

—
0.l

Fo subsp. atrosepiicm

Figure 3. Phylogenetic analysis of nucleotide sequences of Pectobacterium carotovorum subsp.
carotovorum Jo-isolates and reference strains based on pmrA partial gene sequences. The
generation of the tree was conducted in MEGA program. The branching pattern was generated by
the Neighbor-Joining method; stability of the tree was assessed by 1000 bootstrap replication.
Pectobacterium carotovorum subsp. atrosepticum (Acc. no. AY209016.1) was used as out group.

bootstrap value of 92%, while the rest isolates clustered
individually but were close to each other. Q30 isolate
formed a single cluster, on the other hand, Q30 had lower
similarity but higher E-value than the rest Pcc Jo-isolates
which formed a single cluster clearly differentiating them
from out group P. carotovorum subsp. atrosepticum (Pca)
(Acc. no. AY209016.1); the results support the

classification of Pcc isolates as subspecies distinct from
Pca (Figure 3).

PCR marker development

The new designed primer Jo-pmrA/For. GTCACGAAGG-
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Figure 4. Agarose gel electrophoresis for PCR-amplified DNA for Pectobacterium carotovorum subsp. carotovorum isolates
using designed pmrA primers set with the expected product size of 318 bp. Lane M represents Ladder 100 bp (GeneDirex).
Lanes 1-10: isolates Jo-Q16, Q19, Al1l, A2, Q14, Q29, A5, Q30, Q23 and Q27; lanes 11 and 12: Bacillus spp. and Listeria spp.,
respectively. Lanes C+: Positive control (reference isolate NCPPB312) and B: Buffer.
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Figure 5. Agarose gel electrophoresis for PCR-amplified DNA for Pectobacterium carotovorum subsp. carotovorum Jo-
isolates using designed pmrA primers set with the expected product size of 318 bp. Lane M represents Ladder 100 bp
(GeneDirex). Lanes 1-8, isolates Jo-Q2 un-diluted, serial dilutions from 1 x 10 up to 107; lanes 9-15, isolates Jo-Q21
un-diluted, serial dilutions from 1 x 10™ up to 10, respectively. Lanes C+, positive control (reference isolate NCPP312)

and B: Buffer.

TTATGCCTGC, Jo-pmrA/Rev. AGCACCACTGGCTTGT-
CATC, was used to test PCR specificity and sensitivity to
Pcc Jo-isolates; length of the primer was 20 bp, melting
temperature (Tm) ranged from 56.3 to 57.9°C and GC
ratio was 55% with an expected product size of 318 bp.

The marker was specific for detection of Pcc Jo-
isolates: Jo-Q16, Q19, All, A2, Q14, Q29, A5, Q30, Q23
and Q27, where it produced PCR product of 318 bp and
no bands were observed when tested with other bacterial
genera: Bacillus spp. and Listeria spp. (Figure 4). The
marker was sensitive for detection of DNA concentration
up to 1.0 x 10 ng/pl (Figure 5).

DISCUSSION

Seed potatoes planted in Jordan are imported each year
from different countries, distributed worldwide in addition

to local production of many varieties. Potato tuber yield
losses have increased due to soft rot which has spread in
potato cultivation regions including Amman, AR Ramtha,
Jordan Valley, Ma'an, Madaba and Mafraq.

Using specific primers for pmrA gene, isolates
produced a 666 bp; results confirmed these isolates as
Pcc. Furthermore, the phylogenetic analysis showed that
all isolates clustered together with different Pcc reference
strains available in the GenBank. The Pcc Jo-isolates
were strongly differentiated from other Pectobacterium
responsible for disease in potato including Pca.

Kettani-Halabi et al. (2013) indicated that pmrA
sequence analysis was a reliable tool for detection and
identification of Pcc and to determine genetic diversity.
The Pcc Jo-isolates from different regions did not cluster
according to locations and this could be attributed to the
fact that potato seeds in Jordan are mainly from one
source.



Terrta et al. (2011) did not observe any correlation
between ERIC-PCR analysis, geographical areas and
year when they studied the genetic distribution and
epidemiological typing of Pcc.

Conclusions

Amplification of a specific region and using specific set of
primer is a sensitive method for detecting Pcc. Little
genetic diversity was found among isolates obtained from
different regions and similarity was found between them.
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The indigenous African organic soap is formed by saponification. Using the local and ancient method,
with slight modifications, palm kernel oil (Elaeis guineensis) and the filtrate of burnt cocoa pod ash
(Theobroma cacao) were used to prepare African black soap (C1;H,sCOOK™). The prepared black soap
was thereafter divided into five parts. Part A was the control without additives, while parts B, C and D
were enhanced with aloe vera, camwood and lime respectively. Part E was enhanced with both shea
butter and camwood. These samples were analyzed chemically by pH determinations, infrared
spectroscopic analyses and phytochemical screenings. They were also screened for in-vitro
antibacterial activities against two Gram-positive bacteria (Staphylococcus aureus and Bacillus subtilis)
and two Gram-negative bacteria (Pseudomonas aeruginosa and Escherichia coli). The pH
determinations showed that all the samples were alkaline in nature with values between 8.7 and 9.1.
Infrared spectra analyses of the unenhanced black soap revealed a medium and a strong band due to u
(C=0) frequency of the keto group at 1740 and 1562 cm™ respectively and a medium band at 1119 cm™
due to u (C-O) frequency of the ester oxygen. These bands appeared almost unchanged in the Infrared
spectra of the enhanced samples signifying no complexation through the oxygen donor atoms. Thus,
the structure of the black soap (A) was intact and it was not denatured by the various additives.
Phytochemical screenings revealed that A and D contained saponins, flavonoids and terpenoids; C
contained both flavonoids and terpenoids; B and E contained only terpenoids; while tannins and
steroids were absent in all the samples. Antimicrobial studies showed that the enhanced black soap
were either active against one or both gram-negative bacteria. In addition B, C and D were also active
against either one or both gram-positive bacteria. E was inactive against the gram-positive bacteria,
while the unenhanced black soap remained inactive against all tested organisms.

Key words: Enhanced African black soap, chemical, phytochemical and antimicrobial activities.

INTRODUCTION

African black soap or black soap, also known as Alata Nigeria, where it also enjoys several names like Ose
Samina or Alata originated from West Africa (Bella, Dudu, Eko Zhiko and Sabulon Salo (Getradeghana,
2008). It has being used since ancient time in Ghana and 2000). This indigenous African organic soap is formed by



esterification (Bella, 2008). It has found a wide
application for all household cleaning purposes from
bathing to washing and cleaning (Getradeghana, 2000).
Black soap enjoys a good reputation for its ability to
deeply cleanse the skin’s pores, remove blemishes and
makeup, improve or eliminate uneven skin tone, razor
bumps caused by ingrown hairs and skin rashes
(Getradeghana, 2000). It is not scented and therefore can
be used by anyone who wishes to improve the quality of
his/her skin (Getradeghana, 2000). We have previously
reported the preparation of African black soap by reacting
palm kernel oil and the filtrate of burnt cocoa pods (the
ash). The chemical analyses of the black soap revealed
moisture content was 26% (w/w); Total Fatty Matter
(TFM) was 44.75% (w/w), Total Fatty Alkaline (TFA) was
0.22% (w/w), Total Alkaline (TA) was 11.78% (w/w) and
pH was 10 (lkotun et al., 2017a). Some metal complexes
were thereafter prepared by the reaction of the prepared
black soap with some transition metal salts. The
characterization of the black soap and prepared
complexes done by spectroscopic analyses and
determination of physicochemical properties revealed
that the potassium salt (C,,H,;COOK"), commonly called
African black soap, acted either as a monodentate or
bidentate ligand forming metal complexes by coordinating
through one or two of its oxygen donor atoms and also by
entirely replacing the potassium ion with the transition
metal (displacement reaction). Our interest in this
indigenous African black soap has previously led to
studies using the ash from the sun dried cocoa pods
(Ikotun et al., 2017b). This present work was aimed at
preparing African black soap using the waste material
from cocoa (cocoa pod burnt to ash without prior sun
drying) and palm kernel oil. Thereafter, the different
portions of the prepared black soap were enhanced with
some naturally occurring beautifying organic compounds
and analyzed chemically. Also, phytochemical analysis
and in-vitro antimicrobial studies were carried out on
them. This literature therefore serves as the first report on
the physicochemical analyses, phytochemical analyses
and antimicrobial studies of burnt cocoa pod filtrate
prepared African black soap, as well as that of its
enhanced samples with some skin-nourishing natural
products.

MATERIALS AND METHODS
Chemical
Palm kernel seeds and cocoa pods were locally sourced from a

town called Ifeodan, Osun State, Nigeria. All solvents used were
purchased as analytical grades from Sigma-Aldrich and
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Instrumentation

The Infrared spectra were recorded as KBR plates on a Nicolet
Avatar FTIR 330 spectrophotometer. Hanna Professional
Waterproof pH/ORP meter was used for determining the pH.

Preparation of the black soap

African Black soap was prepared according to literature (lkotun et
al., 2017b) and divided into five portions. Some beauty enhancing
natural compounds were added as additives into four of the soap
portions in separate labeled containers, followed by manual
pounding with a pestle and mortar. Part A was without additives,
while part B contained 12.50 g of black soap pounded with half
table spoon of squeezed aloe vera. Sample C contained 12.50 g of
black soap pounded with 0.7 g cam wood. Sample D contained
12.50 g black soap pounded with 7 drops of lime. Part E was
enhanced by pounding 12.50 g black soap with 0.35 g shea butter
and 0.35 g camwood. These samples were analyzed by pH
determinations, infrared spectroscopic analyses and phytochemical
screenings.

Antimicrobial test

15.2 g of Mueller Hinton agar was measured into a 500-ml conical
flask, 400 ml of distilled water was added and mixed/shaken till it
dissolved, it was then covered with cotton wool and aluminum foil
paper and labeled. It was autoclaved at a temperature of 121°C for
15 min. The agar was allowed to cool to a temperature of 45°C and
aseptically poured into sterile Petri dishes. The poured agar was
allowed to solidify. 0.5 g of the prepared samples and 2.5 ml of
distilled water were dispensed into Mac Cartney bottles and allowed
to dissolve. Sterile filter paper disc (7 mm in diameter) was then
placed inside the dissolved soap mixture and allowed to soak for 10
min. The plates were then inoculated with the test bacteria using
the spread plate method with a sterile swab stick. The test bacteria
were two Gram-positive bacteria (Staphylococcus aureus and
Bacillus subtilis) and two Gram-negative bacteria (Pseudomonas
aeruginosa and Escherichia coli) (Cheesbrough, 2002; Emeruwa,
1982). The inoculated plates were kept on the work bench for 1 h
before further work was carried out. The soaked discs were picked
using forceps sterilized by flaming and placed aseptically on the
inoculated Petri dishes. The discs were allowed to stick on to the
surface of the agar medium before incubation. The plates were
incubated at 37°C for 24 h and antibacterial activity of the soap was
measured as diameter of zones of inhibition surrounding the
impregnated filter paper discs. Zones of inhibition were measured in
mm (Bauer et al., 1996; Balogun and Owoseni, 2013).

RESULTS AND DISCUSSION

Dunn (2011) reported the equation for the preparation of
black soap as Equation 1, while Figure 1 presents its
structure (lkotun et al., 2017b).
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Figure 1. Structure of African Black Soap (C11H23COO"
K.

Table 1. pH values of the soap samples.

Samples pH
A 8.9
B 8.7
C 9.1
D 8.9
E 8.9

Sample A, black soap alone; sample B, black soap with aloe vera;
sample C, black soap with camwood; sample D, black soap with
lime; sample E, black soap with sheabutter and camwood.

CH,OCO(CH,)1oCH, THZOH
CH,0CO(CHy)1qCHs  + 3KOH ——> 3CHy(CHy);qCOOK + THZOH
CH,0CO(CH,)1oCH; CH,OH
Lauric acid triglyceride Black Soap Glycerol

Equation 1: Preparation of African black soap.

pH determinations

Table 1 presents the pH values of the black soap and its
enhanced samples. The pH determinations showed that
all the samples were alkaline in nature with values
between 8.7 and 9.1. Tarun et al. (2014) stated that
majority of soaps have a pH value between 9 and 10.

FTIR spectra analyses

The FTIR spectra of the African black soap (Figure 2)
and its enhanced samples (Figures 3 to 6) have been
analyzed and presented as Table 2. The characteristic
vibrational frequencies have been identified by comparing
the spectra of the prepared African black soap with the
enhanced samples (lkotun et al., 2017a). The broad
medium band at 3381 cm™ in sample A was assigned to
the stretching vibration of OH. This band shifted to a
lower frequency of 3374 cm™ in samples B and E, while
appearing at 3376 cm™in C and at 3364 cm™ in D. The
spectrum of A showed the sp3 C-H stretching vibrations

at 2920, 2957 and 2863 cm™, respectively. These bands
have also appeared at about the same frequencies in all
its enhanced samples. The stretching vibrational
frequency of C=0 for sample A appeared as a medium
and a strong band at 1740 and 1562 cm™. These bands
have appeared unchanged in all other samples. The
stretching vibrational frequency of C-O of sample A was
assigned the value 1119 cm™. The band appeared
unchanged in samples B and C, but shifts to a slightly
lower frequency at 1117 cm™ in samples D and E. This
analysis shows that the structure of black soap is intact
and it was not denatured by the various additives.

Phytochemical screenings

The results of the phytochemical screenings of all the
black soap samples are presented below as Table 3. The
results showed that samples A and D contained saponin,
while all the samples contained terpenoids. Sample C
contained flavonoids, while tannins and steroids are
absent in all the samples. These results revealed the
presence of some essential secondary metabolites which
nourish the skin.

Antimicrobial screenings

The results of the antibacterial activities of the black soap
and its enhanced samples are displayed in Figure 7.
Sample B, which contained aloe vera, was active against
both Gram-positive bacteria, as well as E. coli. Sample C,
which contained camwood, was active against S. aureus
and E. coli. Sample D, which contained lime, was active
against both Gram-negative bacteria and the only one
active against P. aeruginosa. It was also active against S.
aureus. Sample E, which contained shea butter and
camwood, was only active against the B. subtillis. African
black soap remained inactive against all tested
microorganisms.

Conclusion

The results of the phytochemical screenings of black
soap revealed it contains some secondary metabolites
which are nourishing to the skin. This is a good
justification for the reason it cleanses deeply and
nourishes all skin types. The enhancement of black soap
with some other natural skin beautifying compounds did
not affect or denature it, but rather facilitated its
antimicrobial activities.
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Figure 2. FTIR spectrum of the black soap without enhancement (Sample A).
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Figure 3. FTIR spectrum of B (Black soap with aloe vera).
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Figure 4. FTIR spectrum of C (black soap pounded with camwood).
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Figure 5. FTIR spectrum of D (black soap with lime).
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Figure 6. FTIR spectrum of E (black soap with shea butter and camwood).

Table 2. FTIR spectra analyses of black soap and its enhanced samples.
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Sample u (OH) (cm™) u (C-H) (cm™) u (C=0) (cm™) u (C-0) cm™) Others
2920 s
A 3381 bm 2957 sh 117522 1119 m 1416s
2863 s
2918 s 1740 m
B 3374 bm 2853 s 1562 s 1119 m 1416 s
2918 s
C 3376 bm 2057sh ggg 2 1119 m 1416 s
2853 s
2918 s 1740 m
D 4 1117 141
3364 bm 2853 s 1562 s m 6s
2918 s 1740 m
E 3374 bm D851 < 1562 1117 m 1416 s

s, Strong; m, medium; b, broad; bs, broad strong; bm, broad medium; sh, shoulder.
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Table 3. Results for the phytochemical screenings of the black soap samples.

Sample Tannins Saponin Flavonoids Steroids Terpenoids
A - + + - +
B - - - - +
C - - + - +
D - + + - +
E - - - - +

+, Present; -, Absent.
14
£ 12
E
_E 10
=
= 8
:E M E.col
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w
U
3 B.Subtilis
4 - —
N
S.aureus
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0
A B C D E
Samples

Figure 7. Antibacterial activities of black soap and its enhanced samples. E. col = Escherichia coli;
P. aeruginosa = Pseudomonas aeruginosa; B. subtilis = Bacillus subtilis; S. aureus =

Staphylococcus aureus.
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