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Acetic acid bacteria are known for their ability to oxidize ethanol to acetic acid. This study investigated 
to identify dominant strain acetic acid bacteria involving in fermented juice of mango and capable to 
produce Vinegar, total of 4 bacteria (CRSBAN-BVA1, CRSBAN-BVK1, CRSBAN-BVK2, CRSBAN-BVI1) 
bacteria strains were preselected for the analyses. The strains were examined with biochemical, 
physiological and phenotypical methods such as Gram die, catalase and oxidase test, ethanol oxidation 
to acetic acid, and over to CO2 and H2O and also metabolism of carbohydrate was tested, for their 
affiliation to the genera of acetic acid bacteria. Subsequently, genotypic identification was conducted 
by sequencing the gene coding for 16S rRNA of one targeted strain and phylogenetic analysis was 
realized throughout 16S rRNA sequences. The results showed that one of the isolated strain (CRSBAN-
BVA1) present 99. 90% of similarity in the sequence 16S rRNA region with Acetobacter tropicalis. It 
demonstrated that bacterial diversity in the mango vinegar is dominated by A. tropicalis. Therefore this 
strain is potentially useful for its utilization as a starter in vinegar production.  
 
Key words: Fermented juice, acetic acid bacteria, 16S rRNA gene sequence, Acetobacter tropicalis. 

 
 
INTRODUCTION 
 
Acetic acid bacteria (AAB) are important organisms in 
food and beverage industries etc. It is known that they 
adapt well to sugary and alcoholized fluid (Muramatsu et 
al.,  2009).   AAB   are   Gram  negative,  rod  shape  and 

obligate aerobic bacteria with the ability to oxidize ethanol 
to acetic acid (Moryadee et al., 2008; Maal et al., 2010). 
Belonging to the family of Acetobacteriaceae, AAB are 
classified in twelve genera:  Acetobacter,  Gluconobacter,  
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Acidomonas, Gluconacetobacter, Asaia, Kozakia, 
Swaminathania, Saccharibacter, Neoasaia, Granulibacter, 
Tanticharoenia and Ameyamaea (Sengun et al., 2011). 
They are ubiquitous organisms that are well adapted to 
sugar and ethanol rich environments (Bartowsky et al., 
2008). Vinegar, from the French vinaigre, meaning sour 
wine, can be made from almost any fermentable 
carbohydrate source, including apples, dates, grapes, 
pears, coconut, honey, mangos etc (Johnston and Gaas, 
2006).  Burkina Faso, as in other Sahelian countries, 
fruits production is dominated by mango. The production 
of fresh mangoes is estimated at around 337101 ton per 
year (CEFCOD, 2013). However, factors such as: lack of 
control over harvesting, packaging and storage 
standards, poor road infrastructure, poor commercialized 
on the local market and inadequacy of processing 
infrastructures, inflict enormous losses which handicap 
this sector. The resulting annual losses are estimated at 
about 30-40% of mango production (Ngamo et al., 2010; 
Vayssieres et al., 2013). However, mango is a substrat 
rich in fermentable substances sugars. 

Thus, transforming them via biotechnological 
processes to obtain exotic products like vinegar by the 
local strain of AAB would be interressant. In Burkina like 
the other majority countries of West Africa, the most of 
vinegar consumed comes from the dilution of acetic acid 
of chemical origin because of lack of AAB strain. To raise 
this challenges two Acetobacter strains, Acetobacter 
tropicalis and Acetobacter pasteurianus were isolated 
Dolofrom mango fruit (Mangifera indica) in Senegal and 
(local beer obtained by fermenting cereal product) in 
Burkina Faso respectively (Ndoye et al., 2006). 

This study aimed to isolate an AAB strain whose 
features make them applicable for biological vinegar 
production. Thus, we first isolated, identified and 
characterized AAB strains of mangos fruits. A recent 
classification of the AAB includes the genera of 
Acetobacter, Acidomonas, Ameyamaea, Asaia, 
Gluconacetobacter, Gluconobacter, Granulibacter, 
Kozakia, Neoasaia, Neokomagataea, Saccharibacter, 
Swaminathania and Tanticharoenia (Yamada and 
Yukphan, 2008; Mamlouk and Gullo, 2013).  

AAB are generally found in nature because they can 
use a variety of substrates (Sharafi et al., 2010) and 
these bacteria have been isolated from alcoholic 
beverage, vinegar, fruits and fruit juice, flowers, honey, 
sugar cane, soil and water (Klawpiyapamornkun et al., 
2015). Mango waste has a high carbohydrate and 
organic acid content that creates an acidic niche 
(Ouattara et al., 2018). Therefore, fermented juice of 
mango is a good source for isolation of AAB (Ouattara et 
al., 2018). The methods of identification based on the 
analysis of the phenotypical characteristics of the 
bacteria of non precise acetic acid and also very long do 
not have is not enough with the identification to the 
species. To optimize their use, it is necessary to 
determine their 16S rRNA gene sequences to understand 
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their taxonomic positions.    
 
 
MATERIALS AND METHODS  
 
Sampling 
 
One kilogram of mango samples were collected from four sites in 
Burkina Faso (Bobo-Dioulasso, Banfora, Orodara and 
Ouagadougou) (Figure 1). Six different varieties (Amelie, Kent, 
Sauvage, Brooks, Lippens and Springfield) of mangos were 
collected. A total of 80 mangos samples of different varieties were 
collected in May-July 2016 and 2017. After collection, they were 
subsequently crushed aseptically and were stored for spontaneous 
fermentation at room temperature.  

 
 
Screening of acetic acid bacteria (AAB) 
 
Screening of potentially AAB was performed on GYEA modified 
medium. Prefermented mango were transferred in a GYEA 
enrichment medium containing of glucose 2% (w/v), yeast extract 
1% (w/v), ethanol 2% (v/v) and acetic acid 1% (v/v). Samples were 
incubated under agitation (120 rpm) at room temperature (30°C) for 
one week (Mounir et al., 2016). A volume of 100 μl from different 
dilutions  were  inoculated   in GYC solid medium  (10% glucose, 
1.0% yeast extract, 2.0% calcium carbonate, 1.5% agar, pH 6.8) 
supplemented with 100 mg l-1 of Cycloheximide and nystatine were 
to inhibit the growth of fungi and lactic acid bacteria, respectively 
(Sharafi et al., 2010; Kadere et al., 2008). This antibiotic was added 
to the culture medium from the stock solution after the medium had 
been sterilized. Plates dish were incubated at 30°C for 2-3 days 
under aerobic conditions. Only isolates which were able to produce 
clear halos around the colonies, caracteristic fundamental 
associates a colony to the group of acetic bacteria  were further 
characterized (Cleenwerck and De Vos, 2008). Acetobacter and 
Gluconobacter were distinguished from each other on Carr medium 
in the presence of bromocresol green. Acetobacter turns the media 
color to yellow and then to green while Gluconobacter turns it into 
yellow.  

 
 
Phenotypic characterization of acetic acid bacteria (AAB) 

 
Biochemical and morphological identification tests were performed 
to confirm that the selected isolates belong to Acetobacter genera. 
Morphology of bacteria, including their shape, size, arrangement, 
Gram and motility, was characterized using cells grown on GYC at 
30°C under aerobic conditions (Cleenwerck et al., 2002). Tests, 
such as catalase, oxidase, and growth in varying concentrations of 
ethanol and glucose, were employed according the method of 
Conventional biochemical. Other biochemical tests such as 
carbohydrate assimilation was performed on presumed Acetobacter 
strains.  

 
 
DNA preparation 

 
DNA extraction was performed according method by Ruiz et al., 
(2000) with the following modifications. Cells were grown overnight 
in 5 ml medium, centrifuged at 4000 g and washed twice with 5 ml 
of water. The pellet was suspended in 300 ml of 3% (w/v) SDS-TE 
buffer (10 mmol l-1 Tris-HCl, pH 7.5; mmol l-1EDTA) and incubated 
for 10 min at room temperature. After addition of 200 ml TE buffer, 
500 ml  of  phenol-chloroform-isoamyl   alcohol  (25: 24: 1,  v/v), the  
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Figure 1. Chart presenting sampling site. 

 
 
 
aqueous phase was separated by centrifugation for 10 min at 10 
000 g. The DNA was precipitated with isopropanol and washed with 
70% (v/v) ethanol. Finally, the DNA was resuspended in 20 ml TE 
buffer to a final concentration of 1150 ng/ml and stored at -20°C. 
 
 
PCR amplification, sequencing, and phylogenetic analysis of 
16S rRNA genes 
 
DNA for 16S rRNA gene sequencing was extracted by the method 
of Wilson (2001) with minor modifications (Cleenwerck et al., 2002). 
The 16S rDNA genes of both community bacteria were amplified by 
PCR using the pair of 16S rDNA gene universal primers. Forward 
primer (5-AGAGTTTGATCCTGGCTCAG-3) and Reverse primer (5-
ACGGCTACCTTGTTTACGACTT-3) which is targeted to bacterial 
16S rDNA gene was used. The forward and reverse 16S rDNA 
gene universal primers generate a 1.5 kb fragment. The 
polymerase chain reaction (PCR)                                  
                       E                                     
                   G      G                   2.5 units Taq DNA 
polymerase, 1X Qiagen PCR buffer and 200 μM of each dNTP), 0.5 
μl forward primer (10 μM), 0.3 μl reverse primer (10 μM) and 1.5 μl 
RNA template, and made up to 25 μl with 10.2 μl of nuclease-free 
sterile distilled water. The PCR protocol consisted of an initial 
denaturation step of 95°C for 5 min followed by 30 cycles of 
denaturation at 94°C for 1 min, primer annealing at 44°C for 30 s 
and elongation at 72°C for 2 min, final holding at 73 °C for 4 min. 
PCR reaction was performed in a 20 well block thermocycler 
(TECHGENE, UK). Sequence blast, alignment and phylogenetic 
trees were obtained from the website le BIBI https://umr5558-
bibiserv.univ-lyon1.fr/lebibi/lebibi.cgi. The topology of the trees was 

evaluated using bootstrap method with 1000 replicates. Alignments 
of 16S rDNA sequences from the GenBank database were 
screened to select the most suitable primers to use in the detection 
and identification of AAB. 

 
  
RESULTS 
 
Phenotypical identification of strains 
 

The examination of the primary screened such as 
macroscopic, microscopic and biochemical of isolated 
strain showed that this strain related to AAB group. 
Overoxidation in Carr medium resulted in conversion of 
blue color of medium to yellow after 24-48 h and then 
reconversion of yellow color to blue after 72-96 h (Figure 
2). Also utilization of CaCO3 and creation of transparent 
zones around the colonies in Frateur medium confirmed 
that the isolated strain was AAB. All strains were able to 
produce acid from following sugars such as: glucose, 
mannose, melibiose and mannitol and were unable to 
produce acid from arabinose, galactose, fructose, 
lactose, maltose, sucrose and saccharose. The 
preliminary identification on the basis of biochemical and 
physiologique tests (Table 1) brought about the possibility 
of having the Acetobacter.  Hence the 16s rRNA 
technique was further employed to confirm the isolate. 
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Figure 2. Color of colonies in Carr medium after 24h (A) and after 96h (B). 

 
 
 

Table 1. Bio-chemical and physiological characters of the obtained A. tropicalis.  
 

Biochemical/physiologic 
test 

Strains 

Acetobacter tropicalis 
CRSBAN-BVA1 

CRSBAN-BVK1 CRSBAN-BVI1 CRSBAN-BVK2 

Gram - - - - 

Motility + + + + 

Catalase + + + + 

Oxidase - - - - 

Ketogenesis of glycerol - - - - 

Cellulose production + + - - 

Peroxydisation + + + + 

Saccharose + + + + 

Glucose + + + + 

Sucrose - - - - 

Fructose - - + + 

Lactose - - - - 

Arabinose - - - - 

Meliobiose + + + + 

Mannitol + + + + 

Galactose - - - - 

Maltose - - - - 

Mannose + + + + 
 

Symbols: + (positive), - (negative). 

 
 
 
Identification of A. tropicalis 
 
The phylogenetic affiliation of strain was based on 16S 
rRNA gene sequence analysis, where it was shown to 
belong to the genus Acetobacter. The phylogenetic 
analysis of the strains (Figure 3) was carried out using 
leBiBi software to determine similarity and close 
relationship of isolate. The phylogenetic tree analysis 
revealed that sequence was closely related to 
Acetobacter species. Figure 3 showed that strain A. 
tropicalis   (CRSBAN-VBA1)   belonged    to    the   stable 

subcluster containing A. orleanensis, A. malorum, A. 
cerevisiae, A. farinalis, A. persici, A. indonesiensis, A. 
tropicalis, A. senegalensis, A. cibinongensis, A. orientalis,  
A. musti, A. oeni, A. estunensis,  A. sicerae,  A. aceti, A. 
thailandicus, A. oryzifermentans,  A. ascendens, A. 
pasteurianus, A. pomorum A. suratthaniensis,  A. syzygii, 
A. lambici,  A. okinawensis A. fabarum, A. lovaniensis 
and A. ghanensis. The 16S rRNA gene sequence 
similarities obtained by pairwise alignment with the Bio 
Numerics 4.5 software package between strain A. 
tropicalis   (CRSBAN-BVA1)   and   the   type   strains   or  
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Figure 3. Phylogenetic analysis of the sequence Acetobacter tropicalis (CRSBAN- BVA1). 

 
 
 
another strains of recognized Acetobacter species were 
represented in Table 2. 
 
 
DISCUSSION 
 
Acetic acid bacteria are characterized by the ability to 
oxidize alcohols or sugars incompletely, and a common 
feature to most of strains their capacity to oxidize ethanol 
to acetic acid.  Although strains of AAB that are generally 
isolated with GYC plates showed distinct clear zones 
(Trcek, 2005). The methods based on the presence of a 
clear zone was not completely believable because other 
strains, such as some lactic acid bacteria, could also form 
distinct clear zones (Trcek, 2005). The result of 
biochemical tests showed that the isolated strains from 
fermented juice of mangos belonged to genus of 
Acetobacter or Gluconacetobacter. In addition to their 
ability to oxidise ethanol, Acetobacter and 
Gluconacetobacter species can further oxidise acetic acid 
to CO2 and H2O, generating the so-called acetate 
overoxidation, that is carried out by the tricarboxylic acid 
cycle (TCA) when there is a high level of dissolved 
oxygen and no ethanol in the medium. According to 
Sakurai et al., (2013), strains of Gluconobacter are not 
able to overoxidise because of non-functional α-
ketoglutarate dehydrogenase and succinate 
dehydrogenase of tricarboxylic acid cycle; they can only 
oxidize ethanol to acetic acid (Du Toit and Pretorius, 
2002). Hence the presence of the ethanol in the medium 
represses the activity of TCA enzyme cycles in 

Acetobacter genus. The results of acid production with 
different sugars showed also that strains produced acid 
with some sugars and did not have the capacity to 
produce acid with other sugars. These results are slightly 
comparable to those found by Lisdiyanti et al. (2000) and 
kadere et al. (2008). According to Lisdiyanti et al., (2000) 
this slight difference is a variability between strains of 
Acetobater genus.  

On the Carr medium, the production of the acid in the 
medium by strain can be seen in form of clearing of 
opacity of medium or the colour change of bromocresol 
green confirms that the isolate is Acetobacter species. 
Sharafi et al., (2010); Mounir et al., (2016) had reported 
that color change of the indicator bromocresol green in 
the medium from green to yellow confirm that the isolate 
is Acetobacter. The production of acid acetic of this 
strains was previously determined by Ouattara et al., 
(2018), where it was shown that these strains had the 
capacity to produce a high concentration of acetic acid 
and the highest was found with strain CRSBAN-BVA1. 
Molecular characterization will confirm our results. 
Molecular techniques have been employed by PCR-
amplified fragment of the gene coding for 16S rRNA to 
confirm that the isolate is Acetobacter.  

The fast molecular detection was proven to be efficient 
and accurate According 16S rRNA sequencing and 
phylogenetic tree analysis, the isolate was further proven 
to be A. tropicalis. The comparison of 16S rRNA gene 
sequence of the strains with the total nucleotide collection 
in the LEBIBI nucleotide database was used to assign the 
bacterial   name    with   ≥   99%  similarity.  The  greatest  
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Table 2. Alignments of 16S rRNA sequences grouped by closest sequence. 
 

Closest species based on 16S 
rRNA sequence 

Acession number of 
16SrRNA ref seq. 

% of 16s 
rRNA 

similarity 

Closest species based on 16S rRNA 
sequence 

Acession  

number of 16SrRNA 
ref seq. 

% of 16s 
rRNA 

similarity 

Acetobacter orleanensis URS00005C69A5 98.38  Acetobacter lovaniensis URS0000614560 96.56 

Acetobacter malorum URS000026E820 98.47 Acetobacter ghanensis URS0000577E5C 96.85 

Acetobacter cerevisiae URS0000071A04 98.68 Asaia lannensis  URS0000538C5C  95.93 

Acetobacter  farinalis URS00003B6BE8 97.86  Asaia astilbis,  URS00004E59BC 95.75 

Acetobacter persici URS0000358DF0 98.27  Asaia prunellae  URS00003B1AD4 95.95 

Acetobacter indonesiensis URS0000135937 97.48 Acetobacter lovaniensis URS00004A75DA 96.14 

Acetobacter tropicalis URS00005FB346 99.90 Acetobacter ghanensis URS000007C67C 95.73 

Acetobacter senegalensis URS00004FB952 97.87 Asaia lannensis URS0000135F9B 95.95 

Acetobacter cibinongensis  URS0000027BEC 98.07 Asaia astilbis,  URS00005F4503 95.96 

Acetobacter orientalis  URS000022E0BE 98.38 Asaia  prunellae  URS00004A2906 95.96 

Acetobacter musti URS0000A0F72D 98.08 Gluconacetobacter takamatsuzukensis  URS0000353452  96.14 

Acetobacter oeni URS0000603B66 96.97 Komagataeibacter saccharivorans URS0000184B3D 95.85 

Acetobacter estunensis URS000003DA3E 97.36 Komagataeibacter intermedius  URS000047B5CA 95.96 

Acetobacter sicerae URS00002AE1F4 97.66 Komagataeibacter oboediens  URS00002FD334 95.75 

Acetobacter aceti  URS00005DFA0B  97.57 Komagataeibacter nataicola URS000021747F 95.75 

Acetobacter thailandicus  URS000084C389 97.25 Komagataeibacter swingsii URS000050A2EA 95.83 

Acetobacter oryzifermentans URS0000A17A43 97.25 Komagataeibacter europaeus URS0000535D4A 95.65 

Acetobacter ascendens URS00001AB487 95.95 Komagataeibacter xylinus URS0000100687 95.95 

Acetobacter pasteurianus URS00001956D5 95.95 Komagataeibacter sucrofermentans URS00003E0354 95.65 

 Acetobacter pomorum URS0000244AC2 96.26 Komagataeibacter kakiaceti URS00003FC71F 95.83 

Acetobacter suratthaniensis  URS0000A11BC6  95.93 Komagataeibacter medellinensis URS00002AF7AD 95.85 

Acetobacter syzygii  URS000031846E 96.54 Komagataeibacter hansenii URS000026533D 95.83 

Acetobacter lambici  URS0000183F1B 96.54 Gluconacetobacter persimmonis URS0000597324 95.95 

Acetobacter okinawensis URS00000F16C5 96.44 Gluconacetobacter maltiaceti URS0000895280 95.85 

Acetobacter fabarum URS0000522087 96.44 Gluconacetobacter entanii URS0000594DA5 95.65 

 
 
 
similitude (99.90%) was obtained with the species 
A. tropicalis and another similitude which various 
between 95.75 to 98.68% with other species such 
as Acetobacter, Asaia, Gluconacetobacter and 
Komagataeibacter were represented in Table 2. 
A. tropicalis was identified as the only 
predominant group. The phylogenetic tree reflects 

the results obtained in Table 2. Lisdiyanti et al., 
(2000) in their study on the diversity of AAB in 
Indonesia, Thailand and the Philippines, have 
isolated A. tropicalis  from fermented foods (palm 
wine and rice wine), fruits (lime, orange, guava, 
coconut), and coconut juice whose similarity is in 
a range of 96.5 to 98.9% between the  type  strain 

of A. tropicalis and the type strains of other 
Acetobacter species. Others researchers as 
Kounatidis et al., (2009) have isolated A. tropicalis 
with in similitude 99.7% from fermented wine. In 
Senegal A. tropicalis with in similitude 99.3% was 
isolated from mango fruit (Mangifera indica) 
(Ndoye   et    al.,   2007).   These   similarities  are 
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slightly lower than our which was 99.90%.  Hence the 
identity of the isolates were confirmed by the 16s rRNA 
method, as A. tropicalis 
 
 
Conclusion 
 
In this study, AAB were isolated and identified from 
fermented juice of mangos sing of 16S rRNA gene 
sequence has allowed  differenciation between species 
and could represent a tool for a rapid and low cost 
effective preliminary profiling of Acetic Acid Bacteria 
genera. The molecular technique can also be useful to 
highlight the phylogenetically closely related species. 
This first knowledge of the acetic acid bacteria will serve 
as a guide in selecting starter for the production of 
vinegar in Burkina Faso.  
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Bluetongue virus (BTV) is the ‘type’ species of the genus Orbivirus within the family Reoviridae. The 
BTV genome is composed of ten linear segments of double-stranded RNA (dsRNA), each of which 
codes for at least one of ten distinct viral proteins. Phylogenetic analysis based on VP2, VP3, VP5, VP7 
and NS3 gene has been advocated by different researchers around the world. However, very little 
information about the phylogenetic analysis based on the NS1 gene of BTV-16 isolates is available. In 
this study, a partial sequence of segment 5 (Seg 5) from the BTV-16 Hisar isolate was sequenced. 
Sequence analysis of the Seg 5 of the BTV-16 Hisar isolate revealed highest nucleotide sequence 
identity of 98.9% (BTV-21), -96.4% (BTV-9) with sequences of NS1 genes of Indian isolates and 97.8% 
(BTV-3),-93.4%(BTV-1) isolates from other countries. The lowest sequence identity detected was 91.2% 
between sequences of NS1 gene of JQ924824 of BTV 16 Indian isolate and JX861502 BTV-1 of France. 
The study also assessed the comparative identity from the deduced amino acid sequences and found 
maximum homology (100% identity) with Indian isolates and 95.2 to 98.8% identity with Western 
isolates with only three amino acid difference. Phylogenetic analysis of the NS1 gene of the BTV-16 
Hisar isolate with others around the world has revealed two major clusters which includes the Indian 
(Eastern) linage and Western linage separately. The BTV-16 Hisar isolate was found to be closely 
related with the BTV-9 and 21 Indian isolates based on its NS1 gene. Phylogenetic analysis of segment 
5 is highly conserved among the different serotypes however, NS1 of BTV-3 of USA clustered with the 
Eastern lineage indicating introduction of Western BTV strains and a possible reassortment between 
Eastern and Western field strains in India. 
 

Key words: Bluetongue virus, genome, NS1, Orbivirus, phylogeneticanalysis, segment-5, serotype. 
 
 

INTRODUCTION  
 

Bluetongue is an arthropod-transmitted hemorrhagic 
disease of wild and domestic ruminants. It is enzootic 
between approximately 45  to  53°N  and  35°S,  in  many 

tropical, subtropical and some temperate regions, 
including much of the Americas, Africa, southern Asia 
and northern Australia, and coincides with the geographic  
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distribution and seasonal activity of competent Culicoides 

vector insects (Purse et al., 2005, 2009).  
Bluetongue virus (BTV) is the prototype of the genus 

Orbivirus in the family Reoviridae (Mertens et al., 2004; 
Bitew et al., 2017; Abera et al., 2018). Currently, there 
are 27 recognized serotypes with recent additions of the 
25

th
 serotype (“Toggenburg orbivirus”) from Switzerland 

in goat and 26
th
 serotype from Kuwait in sheep and goat 

(Hofmann et al., 2008; Maan et al., 2011, 2012c; Batten 
et al., 2013) and 27th from Corsica, France (Schulz et al., 
2016). Bluetongue virus is a non-enveloped virus, 
approximately 90 nm in diameter, with a triple-layered 
icosahedral protein capsid. Its genome consists of 10 
double-stranded (ds) RNA segments coding for 7 
structural proteins (VP1–VP7) and 4 non-structural 
proteins (NS1, NS2, NS3/NS3a, NS4) of approximately 
19.2kb pairs in total (Singh et al., 2005; Sperlova and 
Zendulkova, 2011; Ratinier et al., 2011; Bitew et al., 
2017; Abera et al., 2018). 

The outer capsid of the virion is composed of 60 trimers 
of VP2 and 120 trimers of VP5 (Zhang et al., 2011) and 
differences within this outer capsid define the 26 BTV 
serotypes which have been described so far (Hofmann et 
al., 2008; Maan et al., 2007). The outer capsid proteins, 
VP2in particular, stimulate virus neutralizing antibodies 
which in general protect only against the homologous 
serotype (DeMaula et al., 2000). The internal core is 
formed by two layers, constituted by VP3 (subcore) and 
the immunodominant VP7 (intermediate layer) (Grimes et 
al., 1998). Three minor enzymatic proteins, VP1 (RNA 
dependent RNApolymerase), VP4 (capping enzyme and 
transmethylase) and VP6(RNA dependent ATPase and 
helicase) are contained within the core that is 
transcriptionally active in infected cells (Mertens and 
Diprose, 2004; Sutton et al., 2007; Roy, 2008; Noad and 
Roy, 2009; Boyce et al., 2004; Wehrfritz et al., 2007; 
Singh et al., 2005). The BTV genome encodes also 4 
non-structural proteins: NS1, NS2, NS3/NS3a and NS4 
(Ratinier et al., 2011). NS1 and NS2 are highly expressed 
viralproteins and their multimers are morphological 
features of BTV infected cells. Multimers of the NS1 
protein form tubules (approximately 50 nm in diameter 
and up to 1000 nm in length) that appear to be linked to 
cellular cytopathogenicity (Owens et al., 2004; Ratinier et 
al., 2011), while NS2 is the major component of the viral 
inclusion bodies. NS2 plays a key role in viral replication 
and assembly as it has a high affinity for single stranded 
RNA (ssRNA) and possesses phosphohydrolase activity 
(Horscroft and Roy, 2000; Ratinier et al., 2011; 
Belhouchet et al., 2011). NS3/NS3a is glycosylated 
proteins involved in BTV exit. There are two isoforms of 
NS3: NS3 and NS3a with the latter lacking the N-terminal 
13 amino acid residues (Celma and Roy, 2009; Han and 
Harty, 2004; Boyce et al., 2008). It has been recently 
identified that BTV expresses a fourth non-structural 
protein (NS4) encoded by an open reading frame in 
segment 9 overlapping the open reading  frame encoding 

VP6. NS4 is 77 to 79 amino acid residues in length and 
highly conserved among several BTV serotypes/strains 
(Ratinier et al., 2011; Belhouchet et al., 2011).  

BTV-16 was first isolated in 1960 in Pakistan (Maan et 
al., 2012a). It is the most prevalent virus in India. It has 
been isolated from sheep in Madhya Pradesh, 
Maharashtra, Tamil Nadu, Uttar Pradesh and Jammu and 
Kashmir. BTV-16 field strains from China and Australia 
have been fully sequenced (Boyle et al., 2012; Yang et 
al., 2012), as well as reference strain RSArrrr/16 and 
BTV-16 strain Goat/10/Ind/ABT/Hisar (Maan et al., 
2012a; Minakshi et al., 2012). Phylogenetic analysis of 
VP2, VP3 and VP7 genes have been recommended to 
determine the relationship between the orbiviruses. 
Phylogenetic analysis based on VP2, VP3, VP5, VP7 and 
NS3 gene has been advocated by different researchers 
around the world (Dash et al., 2005; Singh et al., 2005; 
Maan et al., 2007; Maan et al., 2012b, d). However, little 
information about the phylogenetic analysis based on 
NS1 gene of BTV-16 isolates is available. This study was 
carried out with the objectives to study the extent of 
nucleotide and the amino acid sequence variation in the 
BTV-16 Hisar isolate in comparison with 23 other BTV 
serotypes isolated from different geographical locations 
of the world and to study the phylogenetic analysis of the 
BTV-16 Hisar isolate based on partial sequence of 
segment 5 (NS1) genes. 
 
 
MATERIALS AND METHODS  
 
Virus  
 
The BTV-16 Hisar isolate used in this study was acquired from the 
India Network Programme on Bluetongue (AINP-BT) project 
repository, Virus Laboratory, Center for Animal Disease Research 
and Diagnosis (CADRAD), Indian Veterinary Research Institute 
(IVRI), Izatnagar, U.P. (243122), India. The BTV 16 prototype virus 
was propagated in baby hamster kidney (BHK)-21 cell cultures. 
Two 75 cm2 cultures of BHK-21cells at 70 to 80% cell confluency 
were infected with 0.1 multiplicity of infection (MOI) per cell, and 
infected cells were harvested and pelleted by centrifugation (2000 g 
for 10 min at 4°C). RNA extraction was performed when 
approximately 80% of the infected cells showed cytopathology 
(approx. 72 hpi). 
 
 
Viral dsRNA extraction  

 
Total RNA was extracted from 250 µl infected BHK-21 cell 
suspension with 750 µl Trizol-LS reagent (Life Technology, USA), 
according to the manufacturer’s recommended method. RNA was 
precipitated with isopropanol and washed with 70% ethanol. 
Double-stranded RNA (dsRNA) was purified by 2M LiCl differential 
precipitation of ssRNA as described previously (Wilson et al., 1990). 
The dsRNA was dried in a dry bath and resuspended in 30 µl 
DEPC treated water. The quality of the dsRNA was assessed by 
1% agarose gel electrophoresis (7 V/ cm-1 for 1 h) in Tris acetate 
EDTA (TAE) buffer containing 0.5 mg ethidium bromide ml-1. The 
concentration of dsRNA was determined using a nanophotometer 
by measuring absorbance at 260 nm. Extracted RNA was stored at 
-80°C until  complimentary  DNA  (cDNA) synthesis was performed. 
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cDNA synthesis and amplification bypolymerase chain 
reaction (PCR) 
 
Reverse transcriptase polymerase chain reaction (RT-PCR) was 
done with two steps as described by Wade-Evans et al. (1990). 
Reverse transcription was performed in a final volume of 20 µl from 
BTV dsRNA using segment 5 (NS1) gene specific primers [Forward 
primer (FR) 5’- GTTCTCTAGTTGGCAACCACC-3’(nt.=10-30) and 
reverse primer (RP) 5’- AAGCCAGACTGTTTCCCGAT-3’(nt. 264-
283)] and MMLV-RT enzyme (Promega, USA) according to 
manufacturer’s protocols. The primers were custom synthesized by 
M/s Eurofins, Bangalore. The cDNA mix containing 4 µl of BTV 
dsRNA (500 ng), 1 µl of forward primer (20 pmol), 1 µl of  reverse 
primer (20 pmol) and 3 µl of DPEC treated water was  incubated at 
94°C for 4 min for denaturation of the dsRNA and to remove 
secondary structures, and then chilled on ice for the primer 
annealing step. A master mix was prepared containing 4 µl of 5× 
reaction buffer (50 mM Tris/HCl, pH 7.5, 3 mM MgCl2 and 75 mM 
KCl) (Thermoscientific, USA ), 1 µl of  dNTP mix (10 mM each 
dATP, dCTP, dGTP, dTTP),  2µl  DTT (0.1 M), 1.5 μl of  DEPC 
water, 0.5µl of RibolockTM (Ribonuclease-inhibitor, 40 
U/µl)(Fermentas, USA) and 1 µl of reverse transcriptase (Revert Aid 
H minus, 200 units/μl)(Thermoscientific, USA). The master mix was 
added to each reaction mixture tube in 10 µl aliquots and mixed. 
Reverse transcription was carried out by incubating the reaction 
mixture at 42°C for 60 min and the MMLV-RT inactivated by 
incubating the tube at 70°C for 10 min.The cDNA was stored at -
20°C until PCR was performed. The PCR master mix consisted of 
2.5 µl of 10Xmagnesium free PCR buffer (10mM Tris-HCl, 50mM 
KCl, 0.1% Triton X), 1.5 µl of 25 mM MgCl2, 1 µl of 10 mM each of 
four dNTP, 1 µl each of (20pmol) forward and reverse primers, 0.5 
µl of 1 U/µl Taq DNA polymerase (Promega, USA), 1 µl of cDNA 
and nuclease free water (NFW) was added. The PCR was carried 
out by the GeneAmp® PCR system 9700 thermal cycler machine 
(Applied biosystems®, USA). The cycling conditions were initial 
denaturation at 95°C for 5 min, 35 cycles of 94°C/30 s denaturation, 
58°C/30 sprimer annealing and 72°C/30 s extension, followed by a 
final extension of 72°C for 10 min. The RT-PCR product was 
resolved on a 1.5% agarose gel in 1X TAE buffer. The size of RT-
PCR products was determined by a 100 bp DNA ladder 
(Fermentas, USA) run simultaneously. Gel was stained with 
ethidium bromide (Life technology, USA) and visualized by UV 
illumination using the Gel Documentation System (Gel Doc TM XR+, 
imaging system, BIORAD, USA). 
 
 

Cloning of the amplified NS1 partial gene in pJET1.2/blunt 
vector 
 

RT-PCR product was resolved on a 1.2% low melting point agarose 
gel and 274 bp fragments were cut for elution. The 274 bp PCR 
product was purified by using GeneJET gel extraction kit 
(Fermentas, Lithuania) and then cloned into the pJET1.2/blunt 
vector using Clone- JET PCR cloning kit (Fermentas, Lithuania). 
The purified PCR product was ligated in pJET1.2/blunt vector by 
using Clone- JET PCR cloning kit (Fermentas, Lithuania) in 1:1 
ratio. Escherichia coli strain DH5α cells were prepared employing 
the CaCl2 method prior to ligation and stored at -70°C. Ligation 
mixtures were transformed in chemically competent E. coli strain 
DH5α cells by heat shock method according to the manual protocol 
(Sambrook and Russell, 2001). After transformation, 50 µl of 
transformed material was inoculated onto a Petri dish containing LB 
agar with 100 μg/ml ampicillin. The colonies were screened for the 
recombinant plasmid DNA. Re-circularized pJET1.2/blunt vector 
(vector without the insert) expresses a lethal restriction enzyme 
after transformation and hence bacteria cells are not propagated. 
As a result, only recombinant clones containing the insert grow on 
culture plates. Boiling followed by  RT-PCR  from  supernatant  was  

 
 
 
 
used as a screening tool. Plasmid DNA was isolated from selected 
colonies using GeneJet Miniprep plasmid isolation kit (Fermentas, 
Lithuania).  
 
 
Sequencing of partial NS1 gene 
 
The recombinant plasmids containing the 274 bp insert were 
sequenced by M/s Eurofins Genomics India Private Limited, 
Bangalore. Automated DNA sequencing system (ABI 3700) from 
applied Biosystems was used along with ABI PRISM genetic 
analyzer (Applied Biosystems, Foster City, California, USA) using 
BigDyeTM terminator cycle sequencing kit according to 
manufacturer's instructions. The BTV-16 NS1 partial gene was 
sequenced by using T7 promoter primer. The chromatograms 
received after sequencing were analyzed using Chromas Lite v2.01 
software (http://www.technelysium.com.au) and sequence reading 
errors if any were edited and assembled using the Bioedit, Edit Seq 
and mega Align module of lasergene-5software package 
(DNASTAR Inc, USA) and compared with NS1 gene sequences 
reported in GenBank public database. 
 
 
Nucleotide sequence data assembly and phylogenetic analysis 
 
Homology studies were done through standard nucleotide and 
protein BLAST software available at NCBI web site 
(http://www.ncbi.nlm.nih.gov/Blast).The consensus sequence of the 
274 bp fragment was obtained out of 7 clones used to obtain the 
genetic sequence for phylogenetic and sequence analysis. The 
sequences were analyzed along with the sequences of 23 selected 
other Indian and International BTV isolates belonging to various 
serotypes (Table 1). The multiple sequence alignment was done 
using the CLUSTALW program integrated in MEGA v5.1 software 
and Open Reading Frame (ORF) Finder 
(http://www.ncbi.nlm.nih.gov/gorf/gorf.html). Phylogenetic analysis 
was done by MEGA v5.1 software (Tamura et al., 2011). The 
percentage of nucleotide identity and diversity was done by 
MegAlign module of lasergene-5software package (DNASTAR Inc, 
USA).The evolutionary history was inferred using the Neighbor-
Joining (N-J) method (Saitou and Nei, 1987). The optimal tree with 
the sum of branch length = 0.23054784 is shown. The percentage 
of replicate trees in which the associated taxa clustered together in 
the bootstrap test (1000 replicates) are shown next to the branches 
(Felsenstein, 1985). The tree was drawn to scale, with branch 
lengths in the same units as those of the evolutionary distances 
used to infer the phylogenetic tree. The evolutionary distances were 
computed using the Kimura 2-parameter method (Kimura, 1980) 
and are in the units of the number of base substitutions per site. 
The analysis involved 24 nucleotide sequences. Codon positions 
included were 1st+2nd+3rd+Noncoding. All positions containing gaps 
and missing data were eliminated. There were a total of 274 
positions in the final dataset for nucleotide analysis. For deduced 
protein phylogenetic analysis, 249 positions were included, 
because ORF starts from position 26 with total of 83 amino acids 
(Tamura et al., 2011). 

 
 
RESULTS  
 
The prototype BTV-16 virusHisar isolate having titer of 
10

7.2 
ml

-1
 was propagated in baby hamster kidney (BHK)-

21 cells in 75 cm
2
 cell culture flask. Cells were infected by 

using 0.1 multiplicity of infection (MOI), and revealed 
distinct cytopathic effects (CPE) characterized by 
appearance of foci  of  rounded,  refractile and increasing  
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Table 1. BTV isolates and published Segment 5 (NS1 gene) sequences used for phylogenetic analysis. 

 

S/N Name of virus isolate Serotype Area of isolation Gene Bank Accessionnumber 

1 Hisar isolate BTV-16 India (This study) KC706456 

2 isolate KMN07/05 BTV-21 India JF747592 

3 isolate K8 BTV-9 India JF443168 

4 strain IND1988/02 BTV-23 India JQ771827 

5 isolate IND1982/01 BTV-2 India JQ713560 

6 prototype 600565 BTV- 3 USA FJ713338 

7 Mehaboobnagar9/2002 BTV-9 India DQ521598 

8 IND/Goat/2010/16/HSR BTV-16 India JQ924824 

9  BTV9BBF BTV-9 India JF443163 

10 prototype 600579 BTV-19 USA FJ713350 

11 BTV11_MQ BTV-11 Brussels, Belgium JQ972865 

12 prototype 600578 BTV-18 Laramie, USA FJ713349 

13 prototype 600567 BTV-5 USA FJ713340 

14 isolate USA BTV-2 USA M97680 

15 USA2010 BTV-2 USA JQ822252 

16 FRA2007/18 BTV-1 France JX861492 

17 FRA2008/24 BTV-1 France JX861502 

18 IT(L) BTV-2 Italy JN255866 

19 8341/00 BTV- 2 Italy DQ017956 

20 BTV-11_DE BTV-11 Germany JQ972855 

21 BTV-11_REF BTV-11 Brussels, Belgium JQ972835 

22 BTV-11_VAC BTV-11 Brussels, Belgium JQ972845 

23 prototype 600604 BTV-12 USA FJ713345 

24 prototype 600558 BTV-1 Laramie, USA FJ713336 

 
 
 
the number of granular cells at 24 hpi. This was followed 
by aggregation of enlarged and vacuolated cells, foamy 
degeneration and death of infected cells resulting in 
detachment of cell monolayer from the surface after 72 
hpi. Control cells did not reveal any cytopathic effect. 
RNA extraction was performed when approximately 80% 
of the infected cells showed cytopathology (approx. 72 h). 

Synthesized cDNA was used as a template in PCR 
amplification, using gene specific primers, designed to 
amplify 274 bp fragment of segment 5 (NS1) genes. 
Annealing temperature was optimized at 58°C via 
gradient PCR and Pfu polymerase was used to amplify 
the product to reduce the error rate in the amplification 
process. Total volumes of RT-PCR products were 
resolved on 1.5% agarose gel along with 100 bp 
molecular weight marker.  
 
 
Sequence analysis 
 
In this study, the nucleotide and amino acid sequences of 
the NS1 gene of BTV-16 strains were compared with 
several  other   BTV  serotypes   isolated   from   different 

geographical locations of the world. The nucleotide 
sequence of the insert obtained by sequencing (274bp) 
and the deduced amino acid (83aa) have been 
submittedtoNCBI GenBank and assigned Accession 
number KC706456. The sequence was analyzed along 
with the sequences of 23selectedother Indian and global 
BTV isolates belonging to various serotypes (Table 1). 
Multiple sequence alignment of BTV-16 for this study 
revealed highest nucleotide sequence identity [98.9% 
(BTV-21, JF747592) -96.4% (BTV-9, JF443163)] with 
sequences of NS1 gene of Indian isolates, and isolates 
from other countries [97.8% (BTV-3, FJ713338)-
93.4%(BTV-1,FJ713336)]. However, there were 3 
nucleotide changes between BTV-16 for this study and 
Indian isolates and many nucleotide changes have been 
detected in Western isolates (Figure 1). The lowest 
sequence identity detected between other sequences 
was 91.2% between sequences of NS1 gene of 
JQ924824 of BTV 16 Indian isolate and JX861502 BTV-1 
of France. The study also assessed the comparative 
sequence identity from the deduced amino acid level and 
found maximum homology (100% identity) with Indian 
isolates  and  95.2-98.8%  identity  with  Western isolates  
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Figure 1. Multiple sequence alignment of 274 nucleotides of segment 5 (NS1) Gene (1770 nts.) corresponding to the 
nucleotide 10-283 of BTV-16 virus (Gene Bank Acc. No: KC706456). Dot (.) indicates nucleotide similarities with BTV-16 
for this study; Dash (-) indicates either sequence not available, deletion of nucleotide or gap in the alignment. 
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Figure 2. Multiple sequence alignment of deduced amino acid (aa) corresponding to the nt. 35-283 of segment 
5(NS1) gene of BTV-16 virus (Gene Bank Acc. No: KC706456). Dot (.) indicates amino acid similarities with BTV-16 
for this study; Dash (-) indicates either sequence not available, deletion of amino acid or gap in the alignment. 

 
 
 
with only three amino acid difference. The conservation 
of critical amino acids was seen in this region (Figure 2). 
 
 
Phylogenetic analyses 
 
Phylogenetic analysis of NS1 gene of BTV-16 Hisar 
isolate with others around the world has revealed two 
major clusters consisting of the Indian (Eastern) linage 
and Western linage, with the exception of BTV-3 
FJ713338 of the USA which clustered within the Indian 
isolate group (Figure 3). BTV-16 NS1 gene was found to 
be closely related with BTV-9 and 21of Indian isolates. 
Similarities apparent at both NS1 gene and amino acid 
level demonstrate that some related serotypes have 
sequences in common, indicating a relatively closer 
common ancestry. These relationships appear to depend 
on the geographical origin of individual isolates and 
serotypes (Figure 3). 
 
 
DISCUSSION 
 
Bluetongue is endemic in most parts of India (Dash et al., 
2005; Singh et al., 2005; Maan et al., 2007). Twenty one 
out of the possible 27 serotypes of BTV are found 
circulating in different parts of India (Singh et al., 2005; 
Bitew et al., 2013). Phylogenetic analysis of VP2, VP3 
and VP7 genes have been recommended to determine 
the relationship between the orbiviruses (Singh et al., 
2005). However, molecular phylogenetic analysis 
including VP5 and NS3 genes have also been promoted 
by different researchers around the world (Dash et al., 
2005; Singh et al., 2005; Maan et al., 2007, 2012a). 
Segment 5 (Seg-5) encodes the NS1 protein (553 amino 
acids), which accumulates  in  the  cytoplasm  of  infected 

cells as tubules (Ratinier et al., 2011); however, the 
function of NS1 is unknown. Previous phylogenetic 
analysis of Seg-5 identified distinct Western and Eastern 
topotypes (Boyle et al., 2012). However, little information 
about the phylogenetic analysis of NS1 gene of BTV-16 
isolates is available. In this study nucleotide and the 
amino acid sequence of the NS1 gene of BTV-16 isolates 
were compared with several other BTV serotypes 
isolated from different geographical locations of the 
world. A bluetongue virus isolated from Hisar, India was 
used in this study. The BTV-16 propagated in BHK21 
cells revealed characteristic cytopathic effect. The 
extraction of dsRNA by Trizol method following 
differential Lithium Chloride precipitation resulted in pure 
BTV dsRNA. RT-PCR amplification resulted in 274 bp 
amplicons and this product was cloned and sequenced. 
This result was in line with different authors (Maan et al., 
2012a; Minakshi et al., 2012; Boyle et al., 2012; Yang et 
al., 2012). 

The comparison of nucleotide sequence of different 
portion of the NS1 gene revealed a few number of 
nucleotide substitutions among various BTV serotypes. 
The percent nucleotide and amino acid sequences 
homology among various BTV serotypes, varies from 
96.4 to 98.9% and 95.2 to 100% respectively. This 
confirms the fact that the NS1 gene is highly conserved 
among the different serotypes. The result is in agreement 
with Maan et al. (2012a) who sequenced all genome 
segments of the BTV-16 reference strain (RSArrrr/16) 
and showed >99% sequence identity to the BTV-16 
vaccine strain (RSAvvvv/16) that was derived from it and 
to the Chinese BTV-16 (strain BN96/16) isolated from a 
sheep in Yunnan province during 1996. In contrast, the 
genome segments of RSArrrr/16 show lower levels of 
identity (90 to 95%) with the BTV-16 from Australia (strain 
DPP96),   indicating    that  it  represents  a  distinct  virus  
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Figure 3. Neighbour-joining tree showing phylogenetic relationship between segment 5 (NS1) Gene of BTV-16 
Hisar isolate and different strains (reference and field isolates) isolated worldwide. The tree is based on the 274 
nucleotides of segment 5 (NS1) corresponding to the nt. 10-283 of BTV-16 virus (Gene Bank Acc.No: 
KC706456). Bootstrap values are indicated at the major branches. 

 
 
 
strain/lineage, although still within the major Eastern 
topotype. In contrast to this, Dash et al. (2005) found that 
39 to 73% and 25 to 82% nucleotide and amino acid 
sequences homology respective among various BTV 
serotypes based on L2 gene which is the variable 
segment of BTV. 

Phylogenetic analysis of NS1 gene of BTV-16 Hisar 
isolate with others around the world has revealed two 
major clusters which includes the Indian (Eastern) linage 
and Western linage separately. However, BTV-3, 
FJ713338 of USA clustered within the Indian isolate 
group. This suggests the introduction of Western BTV 
strains and re-assortment between Eastern and Western 
field strains in India. BTV-16 has shown to be closely 
related with BTV-9 and 21of Indian isolate with its NS1 
gene. This is in line with the works of Boyle et al. (2012) 
and Maan et al. (2011) who identified distinct Western 
and Eastern topotypes with previous work on 
phylogenetic analysis of Seg-5 on (BTV 1, 7, 9, 20, and 
21) and BTV-26 respectively. Phylogenetic analyses of 
BTV-3 (IND2003/08 isolate) by Maan et al. (2012c) show 
that  nine   genome   segments   belong   to   an   Eastern 

lineage/topotype, with Seg-2 and Seg-6 (encoding outer 
capsid proteins VP2 and VP5) sharing the highest identity 
(90 and 91%, respectively) with earlier Eastern  isolates 
of BTV-3 (Japanese strain ON-6/B/98). However, Seg-
5/NS1 of IND2003/08 showed up to 99% identity with the 
Western topotype viruses (prototype 600565 strain), 
providing further evidence for the introduction of Western 
BTV strains and reassortment between Eastern and 
Western field strains in India (Maan et al., 2012d, b; 
Wilson et al., 2009). Western topotype or reassortant 
BTV strains may be at least partly responsible for the 
increased virulence of bluetongue outbreaks seen in 
India, in indigenous sheep breeds. Seg-5 of IND2003/08 
showed only 89% identity with a Western BTV-10 vaccine 
strain detected in India (Maan et al., 2012b) and is 
therefore unlikely derived from this source. Singh et al. 
(2005) also revealed the level of genetic diversity in 
genome segment 5, between different BTV serotypes, as 
well as between isolates of the same serotype. The BTV-
3 isolate from USA is genetically closely related in 
genome segment 5 (NS1 encoding region), to strains 
from India,  but  is  quite  distinct  from  those  from  other  
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isolates from USA and Europe. Singh et al. (2005) also 
reported the same result in his work on phylogenetic 
analysis based on segment 6 of BTV-3.  
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One of the primary objectives in agriculture is providing high-quality crops to consumers. Multiple 
techniques and methods are utilized to achieve this objective, including nanotechnology that depends 
on the use of very small materials, which will help in decreasing the amounts usually used with similar 
effects. Nanomaterials are used as fertilizers and also as component of nano-pesticides for plants. 
Despite their benefits, however, studies have noted their potential for cytotoxicity and genotoxicity. In 
this study, five nanoparticles (NPs) were tested to assess their effects on plants. The chromosomal 
aberration assay was used. The results showed that some NPs decreased the mitotic index (MI) 
significantly, which indicates the NPs’ potential cytotoxicity. In addition, different NPs’ treatments 
caused different types of chromosomal abnormalities e.g., chromosomes stickiness and disturbance of 
the metaphase and anaphase, lagging chromosomes, bridges, disturbed poles, micronuclei, s-
metaphase, s-telophase, c- metaphase and bi-nucleus cells. All treatments had significant effects at 
p≤005. Treatments with NPs concentrations for 24 h affected the DNA content, AlO2 and Fe3O4 NPs’ 
increased the DNA content, while CeO2, TiO2 and Ag NPs’ decreased it. High concentrations of the 
tested NPs decreased the DNA content. The study results showed that CeO2 was the most harmful NP 
compared to the control and other NPs. Some types of chromosome abnormalities such as lagging 
chromosomes, bridge, and micronuclei indicate potential genotoxicity for these NPs. Despite of the 
positive effects, they also had negative side effects such as decreasing the MI and increasing the 
occurrence of different types of chromosomal abnormalities. 
 
Key words: Cytotoxicity, genotoxicity, nanoparticles, mitotic chromosomes abnormalities. 

 
 
INTRODUCTION 
 
Nanotechnology has been used in many fields. In 
agriculture, one of these technologies involves the use of 
different elements in nano sizes, which can give 
satisfactory results using a low amount of the element 
compared with its natural size. Nanomaterials are used in 

various applications such as plants protection, nutrition 
and of farm practices management due to their small 
size, high surface-to-volume ratio, and unique optical 
properties (Ghormade et al., 2011). 

Nanoparticles (NPs) interact with plants, causing many  
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Table 1. Nanoparticles Concentrations and their description. 
 

Nanoparticles Description 
Concentration % 

Reference 
Low High 

AlO2 NPs 

Form nano powder particle size <50 nm 
(TEM); surface area >40 m

2
/g (BET); 

mp 2040°C (lit.) 
20 mg 40 mg Lee et al. (2010) 

     

Fe3O4 NPs 

Form nano powder particle size 50-100 
nm (SEM); surface area >60 m

2
/g; mp 

1538°C (lit.) 
0.025 g 5.9 g 

Sheykhbaglou et al. 
(2010) 

     

CeO2 NPs 
Form nano powder particle size <100 
nm; mp >400°C 

0.012 g 0.024 g Ma et al. (2013) 

     

TiO2 NPs 

Form, nano powder  primary particle 
size 21 nm (TEM); surface area 35-65 
m

2
/g (BET); mp 1850°C >350°C (lit.) 

10 mg 20 mg Song et al. (2012) 

     

Ag NPs 

Form  nanoparticles contains sodium 
citrate as stabilizer concentration 0.02 
mg/ml in aqueous buffer particle size 10 
nm (TEM); density 0.997 g/mL at 25°C 

0.0005 mg 0.001 mg Salama (2012) 

 
 
 
morphological and physiological changes depending on 
their properties (Khodakovskaya et al., 2012). Chen and 
von Mikecz (2005) demonstrated that some NPs can 
enter cell nuclei and may directly affect the structure and 
function of the DNA genome. The efficacy of NPs 
depends on their concentrations, and these 
concentrations differ from plant to plant (Siddiqui et al., 
2015). Also, NPs can have positive and negative impacts 
in higher plants (edible plants) and on their consumers in 
the food chain (Rico et al., 2011). 

The minute size of NPs, smaller than cells and cellular 
organelles, allows them to penetrate those basic 
biological structures, disrupting their normal function 
(Buzea et al., 2007). Zheng et al., (2005) concluded that 
the up-take efficiency and effects of NPs on growth and 
metabolic function vary among plants. The 
concentrations of NPs affect processes like germination 
and plant growth. Babu et al., (2008) also suggested that 
the NPs’ size gives them free entry inside cells, where 
they can interfere in normal cell function. Landsiedel et 
al., (2009), Kovacic and Somanathan, 2010 and Siddiqui 
et al., (2015) suggested that the ability of NPs to 
penetrate cells easily allows them to affect the intercellular 
organelles and nucleic acids. NPs characteristics such as 
their small size, their shape and their large surface-area-
to-mass ratio, and their propensity to cross cell barriers 
and their interaction with intercellular contribute to 
potential cellular and genetic toxicity caused by the 
induction of oxidative stress. Hunt et al., (2013) assessed 
the effects of nano silver on Caenorhabditis elegans by 
measuring the 8-OH guanine levels and found that the 
silver induced oxidative damage in DNA. A similar result 
was found by Ҫekiҫ et al., (2017) in tomato plants. Cobalt 

oxide NPs were investigated by Faisal et al., (2016) to 
assess their effect on eggplant DNA. The results 
indicated that cobalt oxide NPs induced DNA strand 
breaks and apoptosis. Also, NPs cause chromosomal 
aberrations as several researchers have discussed in 
their study of these effects in higher plants (Kumari et al., 
2009; Ghosh et al., 2010; Landa et al., 2012; Mukherjee 
et al., 2016; Debnath et al., 2018). 

Higher plants are recognized as being excellent 
indicators of the cytogenetic and mutagenic effects of 
environmental chemicals. The study of these plants is 
also useful for detecting environmental mutagens indoors 
and outdoors. These plants are highly reliable bioassays 
for monitoring and testing for genotoxins because of their 
high sensitivity (Grant, 1999). 

In this study, five NPs were tested to estimate their 
cytotoxicity and genotoxicity using a chromosomal 
aberration assay and to determine their effect on the 
DNA content of Allium sativum. 
 
 
MATERIALS AND METHODS 
 
Tested materials 
 
Table 1 shows NPs and different concentrations chosen depending 
on previous studies that found out that treatment with these 
concentrations had a positive effect on root length, yield and 
quality, biomass, and plant growth without serious harm on plants. 
 
 
Sample preparations 

 
A. sativum, common name (garlic) 2n = 16, gained from local 
markets were  used  as testing material. The loose outer scales and  

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cytogenetics
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/mutagen
https://www.sciencedirect.com/science/article/pii/S0027510799000500#!


 
 
 
 
old roots were scraped and suspended in small beaker with distilled 
water. 

 
 
Treatments 
 
A. sativum were suspended in a small beaker (50 ml) with distilled 
water to encourage the root tips to grow until they reached 0.5 to 1 
cm in length; they were then transferred to another beaker 
containing freshly prepared solutions of tested NPs, Aluminium 
oxide, Ferric oxide, Cerium oxide, Titanium oxide and Silver. Low 
concentrations (20 mg, 0.025 g, 0.012 g, 10 mg, 0.0005 mg) and 
high concentrations (40 mg, 5.9 g, 0.024 g, 20 mg, 0.001 mg) 
sequentially, and left for different periods of time (6, 16, and 24 h). 
One bulb of garlic was used for each treatment. The negative 
control was root tips treated with distilled water only, used as a 
qualified sample to compare for the effects of tested materials. 

 
 
Slides preparation 
 
The treated roots tips and negative control (untreated) were 
detached, fixed in freshly prepared 3:1 (v/v) ethanol alcohol: glacial 
acetic acid for 24 h. The root tips of A. sativum were hydrolyzed in 
1N HCL at 60°C for 8 min. The root tips were then washed with 
distilled water several times and stained with 1% acetocarmin. Five 
temporary slides were prepared using the squash technique. Two 
root tips on each slide were examined for the effects of NPs on the 
mitotic index (MI). The same slides were analyzed for the types and 
frequencies of chromosomal abnormalities produced by the 
examined NPs. 
 
 
DNA studies 
 
Fisher bioreagents Sure-prep RNA/DNA/Protein purification kit was 
used to extract the genetic material from plant tissues following the 
instruction of HiPuraTM product. The plant DNA isolation was done 
using the CTAB method. The concentration of the isolated DNA 
was measured by Scan drop (Analytik Jena) device. 

 
 
Scoring of slides and data analysis 
 
Studying slides  
 
The slides were viewed under light microscope (Phenix P H 50 
DB047VU) using the 40X objective lens immersion. The 
demonstrative slides for each physical aberration were photo-
graphed using Phenix micro Image analyzer Software 2008 EnV2, 
2. 
 
 
Mitotic index  

 
On one slide for each treatment, a total of 2000 cells, were scored. 
The mitotic index (MI) was expressed as the number of dividing 
cells per total cells scored, as per the following equation: 
 
Mitotic index (MI) = (Total number of dividing cell/Total number of 
cell examined) × 100 

 
 
Cytotoxicity 

 
The mitotic index of the treated cells was compared with that of the 
negative control sample. 
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Genotoxicity test 
 
Chromosomal aberration per dose of each NP was examined; the 
percentage of cells with aberrations of each dose for each NP was 
scored and compared with that of the negative control as per the 
following equation: 
 
Chromosomal aberration frequency (CF) = Total number of 
abnormal cell/Total number of normal cell 
 
 
Statistical analysis 
 
A two-way analysis of variance was used for determining the 
significance of difference at p ≤ 0.05 (SPSS 16.0 for Windows 
statistical package). 

 
 
RESULTS 
 
Mitotic index (MI) 
 
The NPs effects on the MI of A. sativum root tip cells  
 
Table 2 and Figures 1 and 2 show the treatment results; 
it appears that the AlO2 NPs 20 and 40 mg concentrations 
decreased the MI after treatment for 24 h. This treatment 
was insignificant at p≥0.05, while treatment with a low 
concentration of Fe3O4 for 24 h was significant at p≤0.05. 
Also, CeO2 NPs decreased the MI after treatment with a 
low concentration for 6 h and high concentration for 24 h. 
This result was insignificant at p≥0.05. The TiO2 NPs 
treatment with a low concentration and a high 
concentration for 24 h decreased the MI. This result was 
significant at p≤0.05. Treatment with a high concentration 
of Ag NPs for 16 h decreased the MI. This result was 
significant at P≤0.05. Some treatments with a low 
concentration of NPs increased the MI. The AlO2 low 
concentration for 16 h, high and low concentrations of 
Fe3O4, also high and low concentrations of CeO2 for 16 h, 
and a low concentration of Ag for 6 h increased the MI 
compared to the control. These results were insignificant 
p≥0.05. 
 
 
Chromosomal aberrations (CA) 
 

Examining the cytological aberrations in plants is an 
excellent way to detect genetic hazards that 
environmental substances may pose (Grant, 1978). 

Table 3a-b and figures 3, 4, and 5 show the types of 
abnormalities found in the mitotic chromosomes of A. 
sativum root tip cells after treatment with different 
concentrations of NPs. 

All tested materials affected the chromosomes and 
increased chromosomal aberrations compared to the 
control, and the results were significant at p≤0.05. The 
most harmful concentrations were AlO2 NPs after 
treatment with a high concentration of 40 mg for 6 and 16 
h (0.2)  compared  to  the  control (0.04), Fe3O4 NPs after  
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Table 2. Effects of different concentration of some nano-particles for different periods of time on mitotic index and 
chromosomal aberrations frequency. 
 

Material 
Concentration 
(%) 

Time of duration 
(h) 

No. of total 
cells 

Mutant 
cells 

Mitotic 
index 

CA 

Distilled Water 

Distilled Water 6 2139 6 8 0.04 

Distilled Water 16 2054 5 7 36 

Distilled Water 24 2037 3 9 2 

       

ALO2  NPs 

20 mg 6 2182 14 8 0.1 

20 mg 16 2126 18 8 0.12 

20 mg 24 2067 21 8.8 0.12 

40 mg 6 2305 30 8 0.2 

40 mg 16 2160 22 7 0.2 

40 mg 24 2201 17 7 0.1 

       

Fe3O4  NPs 

0.025g 6 2254 16 6 0.1 

0.025g 16 2178 21 7 0.1 

0.025g 24 2060 5 5 0.1 

0.05g 6 2122 27 7 0.2 

0.05g 16 2135 14 8 0.1 

0.05g 24 2125 18 6 0.1 

       

CeO2  NPs 

0.012 g 6 2021 16 7 0.1 

0.012 g 16 2144 13 8 0.1 

0.012 g 24 2054 14 8 0.1 

0.024 g 6 2022 17 9 0.1 

0.024 g 16 2087 19 8 0.1 

0.024 g 24 2068 16 7 0.1 

       

TiO2  NPs 

10 mg 6 2189 14 7 0.1 

10 mg 16 2317 17 7 0.1 

10 mg 24 2191 17 6 0.1 

20 mg 6 2120 11 7 0.1 

20 mg 16 2214 13 7 0.1 

20 mg 24 2262 13 7 0.1 

       

Ag NPs 

0.0005 mg 6 2019 18 10 0.1 

0.0005 mg 16 2089 17 7 0.1 

0.0005 mg 24 2076 16 8 0.1 

0.001 mg 6 2237 12 7 0.1 

0.001 mg 16 2054 5 5 0.1 

0.001 mg 24 2244 32 8 0.2 

 
 
 
treatment with a high concentration of 0.05 g for 6 h (0.2) 
and Ag NPs (0.2) after treatment with a high 
concentration 0.001 mg for 24 h compared to the control 
(0.02). 

The types of chromosomal abnormalities scored after 
treatment with different NPs were chromosomal 
disturbance and stickiness during metaphase and 
anaphase, sticky telophase, chromosomes bridges during 
the anaphase and telophase, micronuclei, lagging 
chromosomes, star metaphase and star telophase, bi-
nucleus  cells,   and   disturbed   poles  during  anaphase. 

Specific types of chromosome aberrations were scored 
after treatment with some NPs and they were C-
metaphase, lagging chromosome in the telophase stage 
micronuclei, bi-nucleus cells, after treatment with AlO2 
and Fe3O4 NPs, furthermore AlO2 NPs caused the 
formation of abnormal anaphase poles. Treatment with 
CeO2 NPs caused the formation of Star-metaphase, ring 
chromosome, C-metaphase and telophase bridge. The 
types of the chromosomal abnormalities scored after 
treatment with TiO2 NPs were S-metaphase, lagging 
chromosome   during    anaphase    stage,    S-telophase,   
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Figure 1. Effects of low concentrations of some nano-particles for different periods of time on mitotic index of 
Allium sativum. 

 
 
 

 
 

Figure 2. Effects of high concentrations of some nano-particles for different periods of time on mitotic 
index of Allium sativum. 

 
 
 
bi-nucleus cells and micronuclei. Ag NPs produced 
lagging chromosome, S- anaphase, abnormal pole of 
anaphase stage, chromosomes bridges and bi-nucleus 
cells. Some types of chromosome abnormalities indicated 
the potential genotoxicity of tested NPs, e.g., micronuclei, 
lagging chromosomes, and the chromosome bridges 

during anaphase and telophase. 

DNA content 
 
Table 4, 5 and figures 6 and 7 show the effect of different 
concentrations of NPs (AlO2, Fe3O4, CeO2, TiO2, Ag) on 
DNA content after 24 h. 

All the tested NPs affected the DNA content. 

Specifically, the content decreased after treatment with 
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Table 3. Types of chromosomal aberrations scored after treatment with different concentrations of Nano-particles for different periods of time on root tip cells of Allium sativum. 
 

Tested material  Control 
 ALO2 NPs  Fe3O4 NPs 

 20 mg  40 mg  0.025 mg  0.05 mg 

Type of CA  6 16 24  6 16 24  6 16 24  6 16 24  6 16 24 

Sticky 

M
et

ap
ha

se
 

- 0.007 0.006  0.01 0.02 0.02  0.04 0.09 0.04  0.034 0.06 0.009  0.007 0.02 0.01 

Disturb - 0.03 -  - 0.04 0.03  0.05 0.007 0.03  - - 0.03  0.04 0.03 0.0008 

Lagging - - -  - - -  - - -  - - -  0.007 - - 

Fragments - - -  - - -  - - -  - - -  - - 0.0008 

c-metaphase - - -  - - -  - - 0.006  0.007 - -  - - - 

                     

Sticky 

A
na

ph
as

e 

- - -  - 0.006 -  - 0.007 0.006  - 0.013 -  - - - 

Disturb - - -  0.01 0.006 -  - - -  0.014 - -  - 0.006 0.02 

S. anaphase - - -  - - -  - - -  - - -  - - - 

Lagging - - -  - - -  - - -  - - -  0.007 - - 

Bridge 0.04 - 0.01  0.045 0.01 0.04  0.05 0.05 0.02  0.014 0.04 0.009  0.06 0.002 0.05 

                     

Sticky disturb 

T
el

op
ha

se
 - - -  - - -  - - -  0.02 0.013 -  - - - 

Lagging bridge - - -  - - 0.005  - - -  - 0.006 -  - 0.006 0.0008 

Dis polar - - -  - 0.006 -  - - -  - - -  - - - 

Fragment - - -  - - 0.005  - - -  - - -  - - - 

                     

Bi-nucleate  - - -  0.01 0.006 -  0.017 - -  0.007 - -  - - - 

Micronuclei  - - -  - - -  0.005 - 0.006  0.014 0.006 -  - 0.006 0.02 

%  0.04 0.036 0.02  0.08 0.12 0.12  0.2 0.15 0.11  0.1 0.1 0.05  0.18 0.08 0.1 

 
 
 
low concentrations of Ag, TiO2 and CeO2 NPs 
(50.65, 55.32 and 97.63 ng/μl, respectively), and 
the results were significant at P≤0.05. AlO2 NPs 
and Fe3O4 NPs increased the DNA concentration 
(391.34 and 234.07 ng/μl, respectively) and these 
results were significant at   P≤0.05 compared to 
the control (144.73 ng/µl). Treatments with high 
concentrations affected the DNA content. The 
NPs Fe3O4, Ag and CeO2 (130.37l, 124.65, 
119.33 ng/µl, respectively) decreased the DNA 
concentration, and these results were significant 
at p≤0.05; the results showed that CeO2 NPs were 

the most harmful and that TiO2 NPs were the least 
harmful  followed by  AlO2 compared to the control 
(144.73 ng/µl). 
 
 
DISCUSSION 
 
Mitotic index (MI) 
 
The NPs treatments reduced the MI. The 
decrease of MI might have resulted from the effect 
of  the  NPs  during  S-phase  which  inhibited  the 

DNA synthesis. The decrease might also be due 
to the activation of enzymes by decreasing or 
inhibiting the enzymes, particularly the enzymes 
that involved in DNA replication or cell division 
(Sudhakar et al., 2001). 

AlO2 NPs caused decreased MI. This effect may 
be due to the blockage at GI stage, which disturbs 
the DNA synthesis (Mohandas and Grant, 1972). 
A similar result was found by Rajeshwari et al., 
(2015). 

The effect of Fe3O4 NPs on cells was as 
reported  by  Alarifi  et  al.,  (2014), that is, the cell
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Table 4. Types of chromosomal aberrations scored after treatment with different concentrations of Nano- particles for different periods of time on root tip cells of Allium sativum 
 

Tested 
material 

 Control 
 ALO2 NPs  Fe3O4 NPs  Ag NPs 

 20 mg  40 mg  0.025 mg  0.05 mg  0.0005 mg-l  0.001 mgl-1 

Type of CA  6 16 24  6 16 24  6 16 24  6 16 24  6 16 24  6 16 24  6 16 24 

Sticky 

M
et

ap
ha

se
 

- 0.007 0.006  0.03 0.01 0.05  - 0.02 0.04  0.03 0.03 0.04    0.01  0.02 0.03 0.02  0.007 0.009 0.06 

Disturb - 0.03 -  0.03 0.006 -  0.02 0.02 0.03  0.007 0.01 0.02  0.04 0.03 0.007  0.005 0.03 0.03  0.03 0.03 0.06 

Lagging - - -  - - -  0.006 - -  - - -  - - -  - - -  - - - 

Fragments - - -  - 0.006 -  - - 0.006  - - -  - - -  - - -  - - - 

c-metaphase - - -  - 0.006 -  - 0.006 0.006  - 0.006 -  - 0.006 -  - - -  - - - 

                             

Sticky 

A
na

ph
as

e 

- - -  - - 0.01  0.006 0.006 -  -    - 0.007 0.005  -       

Disturb - - -  0.007 0.006 0.006  0.006 - -  0.007 - 0.007  0.02 0.006 0.01  - 0.01 -  0.03 - 0.01 

S. anaphase - - -  - - -  - - -  - - -  - - -  - - 0.006  - - 0.006 

Polar - - -  - - -  - - -  - - -  - - -  - - 0.006  - - - 

Lagging - - -  - - -  0.01 0.006 -  0.007 0.006 0.007  - - -  - - 0.006  - 0.009 - 

Bridge 0.04 - 0.01  0.04 0.04 0.03  - 0.06 0.03  0.05 0.03 0.05  0.007 0.03 0.05  0.04 0.05 0.02  0.04 - 0.05 

                             

Sticky 

T
el

op
ha

se
 - - -  - - -  - - -  - - -  - - -  - - 0.01  - - 0.006 

bridge - - -  - - -  0.006 - -  - - -  - - -  - -   - - - 

S. anaphase - - -  - - -  - - -  - 0.006 -  - - -  - -   - - - 

Bi-nucleate - - -  - - -  - - -  - 0.02 -  - - -  - - 0.01  - - - 

                             

Micronuclei  - - -  - - -  - - -  0.007 - -  0.007 - -  - - -  - - - 

%  0.04 0.036 0.02  0.1 0.07 0.09  0.1 0.1 0.1  0.1 0.1 0.12  0.08 0.08 0.09  0.09 0.11 0.1  0.08 0.05 0.2 

 
 
 
death mediated by the reactive oxygen species 
(ROS) triggered mitochondrial pathway as 
evidenced by the cleavage of caspase-3 activity 
and caused an imbalance between the production 
and degradation of ROS and induced oxidative 
stress. NPs may change the production of ROS 
and affect antioxidation defense and so induce 
oxidative stress (Srinivas et al., 2011). More 
explanations of iron oxide reaction were reported 
by Zhongwen et al., (2012), that the cytotoxicity 
ability of iron oxide, iron oxide trapped in acidic 
lysosomes  of   the    cell,    and     they    catalyze 

decomposition of H2O2 to produce hydroxyl 
radicals through peroxidase-similar activity. 

The cytotoxicity of CeO2 may be due to the 
oxidative stress (Jezek and HIavata, 2005). Park 
et al., (2008) found that CeO2 caused cytotoxicity 
because of the introduction of ROS, and that the 
free radical species produced by CeO2 NPs 
significantly reduce the levels of cellular 
antioxidants. Also, Sendra et al., (2016) suggested 
that the toxicity of CeO2 NPs may be due to their 
photocatalytic properties. Similar results were 
demonstrated by Liman et al., (2019). 

The TiO2 NPs decreased the MI compared to the 
control. Pakrashi et al. (2014) found that TiO2 NPs 
increased ROS and that this was the main 
contribution to the toxic effects. Castiglione et al., 
(2011) produced similar results in a study of the 
effect of TiO2 NPs on Vicia faba and Zea mays, 
while Klien and Godnic (2012) in a study of the 
effect of TiO2 NPs on rodents. 
    Ag NPs decreased the MI compared to the 
control. Patlolla et al., (2012) explained that the 
decrease in MI after treatment with different 
concentrations  of Ag NPs might be due to a lower 
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Figure 3. Effects of low concentrations of some nano-particles for different periods of time on 
chromosomal aberrations of Allium sativum. 

 
 
 

 
 

Figure 4. Effects of high concentrations of some nano-particles for different periods of time on 
chromosomal aberrations of Allium sativum root tip cells. 

 
 
 
progression of cells from S-phase to M-phase of the cell 
cycle. Babu et al., (2008) suggested that Ag NPs might 
affect the DNA synthesis during the S-phase cell cycle, 
leading to mitodepressive effects and cytotoxicity. These 
NPs might also cause slower development of cells from 
the S-phase (DNA synthesis) to the M-phase (mitosis) of 
the cell cycle as a consequence of silver NPs exposure 
(Kumari et al., 2009). Similar results were found by Pulate 

et al. (2011). 

Some treatments had no effect on the MI while others 
increased it. This variance might be due to the intrinsic 
plant detoxification mechanism of NPs when the plants 
are exposed to nanotoxicity. Free metal radicals, 
formed during oxidative stress, function as signaling 
molecules that later activate the ROS detoxification 
and antioxidant  defense mechanisms in plants to deal  
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Table 5. Effects of low and high concentrations of different Nano-particles after 24 h of treatment. 
 

Treatment Control ALO2 NPs Fe3O4 NPs CeO2 NPs TiO2 NPs Ag NPs 

Low CON. 
  

 
Distilled Water 20 mg 0.025 mg 0.012 mg 10 mg 0.0005 mg 

144.73 ng/µl 391.34 ng/µl 234.07 ng/µl 97.63 ng/µl 55.32 ng/µl 50.65 ng/µl 

       

High CON. 
Distilled Water 40 mg 0.05 g 0.024 g 20 mg 0.001 mg 

144.73 ng/µl 136.2 ng/µl 130.37 ng/µl 119.33 ng/µl 141.9 ng/µl 124.65 ng/µl 

 
 
 

 
 

Figure 5. Effects of low concentrations of some nano-particles for 24 h on DNA content of Allium sativum. 

 
 
 

 
 

Figure 6. Effects of high concentrations of some nano-particles for 24 h on DNA content of Allium sativum. 
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with NPs toxicity (Zia-ur-Rehman et al., 2018). 
 

 

Chromosomal aberrations (CA) 
 

Treatments with different concentrations of NPs cause 
several types of chromosomal aberrations. Rajeshwari et 
al., (2015) found that AlO2 NPs decreased the MI and 
increased the chromosomal aberration in root cells of 
Allium cepa due to the ROS generated by the interaction 
of AlO2 NPs and root-tip cells. 

The effects of Fe3O4 NPs were explained by Rajiv et 
al., (2015). They found that the metal-oxide NPs caused 
DNA damage and chromosomal aberrations due to the 
generation of ROS, which leads to cell death. 

CeO2 NPs also produce chromosomes abnormalities. 
In this respect, Benameur et al., (2015) demonstrated 
that chromosomal aberrations are consistent with cellular 
ROS production. Similar result was found by Liman et al., 
(2019). 

Treatment of A. sativum with different concentrations of 
TiO2 NPs for different time periods causes different types 
of chromosomal abnormalities; Ghosh et al., (2010) 
concluded that treatment with TiO2 NPs caused 
chromosomal aberration due to the generation of 
superoxide radicals that sequentially resulted in lipid 
peroxidation in the cells. Trouiller et al., (2009) found that 
TiO2 NPs are capable of causing oxidative bursts, 
resulting in DNA damage and the occurrence of 
micronuclei. Tavares et al. (2014) have the same effect of 
TiO2 NPs in human lymphocytes. 

Ag NPs also cause chromosomal abnormalities. 
Kumari et al., (2009) suggested that Ag NPs could 
penetrate plant system and may impair stages of cell 
division, causing chromosomal aberrations. Similar 
results were found by Pulate et al. (2011) and Patlolla et 
al. (2012). 

The presence of disturbance, S-metaphase, S-
anaphase, S-telophase, lagging chromosomes, abnormal 
anaphase poles, and sticky chromosomes of metaphase 
and telophase revealed that NPs affected spindle fibers. 
Several studies concluded that NPs cause chromosomal 
aberration by affecting the spindle fibers. These 
aberrations alter the direction of chromosomes during 
different stages of mitotic division. This may be due to the 
interaction of NPs with mitotic spindle  apparatus,  
centrioles  or  their  associated  proteins  leading  to  the  
loss or gain  of chromosomes in daughter cells (Kuriyama 
and Sakai, 1974; Babu et al., 2008; Magdolenova et al., 
2014). 

The formation of chromosome stickiness involves the 
matrix of chromatin material which makes the 
chromosome stick or clump (Patil and Bhat, 1992). 
Klasterska et al., (1976) suggested that the stickiness of 
chromosomes arises due to the effect of NPs on nucleic 
acids, which causes polymerization and chromosomes 
stickiness. The formation of chromosomes bridges during 
anaphase and  telophase  may  be  due  to  chromosomal  

 
 
 
 
stickiness (EL-Khodar et al., 1990). Micronuclei being 
acentric fragments appear because of DNA breaks, 
especially during cell division, or because of laggards 
being excluded from the nucleus (Ma, 1982). These 
micronuclei could be owing to the inhibition of DNA 
synthesis at the S-phase (Kumari et al., 2009). 

Grant (1978) reported that binucleate cells rise as a 
consequence of the inhibition of cell-plate formation. 
Huang et al., (2009) reported that due to the disruption of 
the mitotic checkpoint, PLKI protein function controls the 
mitosis process, including cytokinesis, when exposed to 
TiO2 NPs. 
 
 

DNA content 
 
Different treatments of NPs affect the DNA content. Kwon 
et al., (2014) suggest that small NPs cross the cellular 
membranes more easily and this can increase the 
potential for DNA damage. Within cells, many NPs end 
up in the lysosomes but some also appear in the 
cytoplasm and other cellular organelles, e.g., the Golgi 
body, the mitochondria, and the nucleus (Yuliang et al., 
2010). The molecular mechanisms of NPs mostly depend 
on their chemical properties. Auffan et al., (2009) 
concluded that chemically stable metallic NPs have no 
significant cellular toxicity, while NPs that can be 
oxidized, reduced, or dissolved are cytotoxic and 
genotoxic for cellular organisms. Mehrian and Lima 
(2016) and Brunner et al., (2006) suggested three 
mechanisms involved in NPs toxicity. The first is the toxic 
substance from soluble NPs released into exposed 
media. These substances could contribute to DNA 
damage by their involvement in ROS generation (Fenton-
type reaction) (Kruszewski et al., 2011). The second 
mechanism is the ROS generated through surface 
interactions with the media. The third mechanism is the 
direct physical interaction of NPs with biological targets 
such as cell membranes or DNA (Brunner et al., 2006). 
NPs can also interact with the mitochondria and other cell 
components and disrupt their functions. The ROS that 
result from the transfer of electrons’ energy to oxygen are 
highly reactive and potentially harmful to living organisms 
(Wu et al., 2014). Van Breusegern and Dat (2006) 
reported that ROS as a result of NP interaction will 
interact with almost all cellular components, producing 
protein change, lipid peroxidation, and DNA damage. 

In this study, the treatment of A. sativum with AlO2 
showed that a low concentration increases DNA content 
and a high concentration decreases it. Sjorgen and 
Larsen (2017) suggested that Al2 inhibits the cells’ 
entrance into the S-phase during the cell cycle, which will 
affect DNA content by decreasing the content frequency. 
On the other hand, the S-phase cells entered the G2/M 
phase, leading to an increase of DNA content frequency. 
Similar results were found by Silva et al., (2000) and 
Jaskowiak et al., (2018). Wu et al. (2014) demonstrate 
that the  reductive dissolution of iron oxide NPs induced a  
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Figure 7. (1-4) Anaphase bridge, micronuclei, C-metaphase, binucleate cell. (5-8) Anaphase bridge, micronuclei, 
anaphase lagging chromosome, anaphase trip-polar. (9-12) Anaphase bridge, irregular anaphase polar, Star 
metaphase, disturb metaphase. (13-16) Anaphase bridge, disturb anaphase, Star telophase, anaphase lagging 
chromosome. (17-20) C-Metaphase, disturb anaphase, lagging chromosomes, anaphase bridge. 

 
 
 

more homogeneous Fenton reaction, one that is more 
efficient in producing ROS. The availability of ROS inside 
the cell will affect cell components, and one of these 
components is DNA. 

The  CeO2   NPs   was   the   most   harmful    for   DNA 

compared to other NPs and the control. This effect may 
be due to the instability of DNA caused by increasing 
oxidative stress, which leads to DNA damage that occurs 
due to the high presence of ROS (Mattiello et al., 2015). 

A   high   concentration   of   CeO2    NPs   effected   DNA 
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content compared to the control but less than a low 
concentration, which has a greater impact on DNA 
content. This difference may be due to the superoxide 

dismutase (SOD) mimetic activity related to a high 

concentration of CeO2 NPs, which causes the 

dismutation of superoxide anions into H2O2 (Mattiello et 

al., 2015). Vranová et al., (2002) suggested that the 
oxidative burst induced by the more harmful dose of 
CeO2 NPs may be associated with the stimulation of 

cellular respiration that increases the signal requirement 

for energy. Mattiello et al., (2015) found that CeO2 NPs 

affect the DNA by inducing visible modifications in the 
chromatin aggregation. A condensed chromatin is a 
part of the programmed cell death. A similar result 

was found by Liman et al., (2019) for the effect of CeO2 
NPs on the DNA content of A. cepa, by Benameur et al., 
(2015) for the effect on human dermal fibroblasts, and 

by Kumari et al., (2014) for the effect on Wistar rats. 

López-Moreno et al., (2010) found that CeO2 NPs affect 

the integrity of DNA and genetic stability of soybean 
plants. 

In this study, the TiO2 NPs decreased the DNA content. 

As Rico et al., (2011) reported, this is due to the 
generation of superoxide radicals that cause lipid 

peroxidation in cells. Turkez and Geyikoglu (2007) 

reported that TiO2 NPs could induce genotoxicity by 

inducing sister chromatid exchange and micronuclei in 
human white blood cells. Also, Ghosh et al., (2010) 

reported that the effect of TiO2 NPs on DNA is due to 

the increased malondialdehyde (MDA) concentration 
that leads to lipid peroxidation, which leads to DNA 

damage. Pesnya (2013) concluded that TiO2 NPs have 

a high potential to interact with DNA and cause primary 
DNA damage. The bio-uptake effect of TiO2 NPs was 

explained by Pakrashi et al., (2014). They found a 
conjunction between the NPs uptake and the increase 
of ROS. An imbalance in intracellular ROS content 
caused by NPs exposure can induce DNA damages 
through oxidative stress owing to the oxidation of purine 
molecules (Afaq et al., 1998). Ghosh et al., (2012) 

found that treatment with TiO2 NPs caused genotoxicity 

because of the generation of superoxide radicles. 
Schins and Knaapen (2007) suggested that the 
genotoxic effect of TiO2 NPs might be due to oxidative 

stress and that the mechanism for this, as described 

by Donaldson et al., (1996) and Gilmour et al., (1997), 

is that TiO2 NPs have hydroxyl radical activity. Similar 

results for TiO2 NPs effect were found by Pakrashi et al., 
(2014). 

Treatment of A. sativum with low and high 
concentrations of Ag NPs decreased the DNA content 
compared to the control. The Ag NPs induced 
toxicity due to their effect on ROS formation (Qian et 
al., 2013). Ma (1982) and Grant (1982) suggested that 
Ag  NPs   and  their   role  in  oxidative  stress  induced  

 
 
 
 
cellular death. Similar results were found by Sudhakar 
et al., (2001) and Babu et al., (2008). In higher plants, 
Saha and Gupta (2017) found that Ag NPs enter the plant 
cells and interfere with DNA repair, which leads to a 
blockage of DNA synthesis. Huijing et al., (2015) 
found that Ag NPs inhibit the new DNA synthesis in 
bacteria cells, which causes cell apoptosis. 

This study showed that low concentrations of tested 

NPs had different effects on DNA. The Ag, TiO2 and 

CeO2 NPs decreased the DNA content, while AlO2 and 

Fe3O4 NPs increased it. This difference may result from 
the ROS generation (Mcshan et al., 2014). Sharma 
et al. (2012) reported that ROS’ destructive role 
depends on the equilibrium between ROS production 
and scavenging, that is, if a cell has developed a 
strong mechanism to control the ROS level by 
producing the enzymatic and non-enzymatic molecules 
needed to cope up with NPs-caused stress, it will 
decrease the effect of NPs on cell components including 
DNA. 

The genotoxicity of NPs may result from their direct 
interaction with DNA or from indirect effects such as 
interacting with cells or tissues and releasing factors 
that cause harmful effects such as inflammation and 
oxidative stress (Singh et al., 2009; Magdolenova et al., 
2014). Golbamaki et al., (2015) proposed that the 
genotoxic effects of NPs may be classified as primary 
genotoxicities or secondary genotoxicities. The second 
class may be due to the ROS generated during 
particle-induced inflammation, whereas the first class 
can be genotoxic without inflammation. 

This study has revealed that different concentrations 

of the tested NPs affects the MI and that some 

treatments were significant at p ≤ 0.05 particularly, 

Fe3O4 NPs after treatment with a low concentration for 

24 h, TiO2 NPs after treatment with low and high 

concentrations for 24 h, and Ag NPs after treatment with 
a high concentration for 16 h. This effect may be due to 
the free radicals generated by the interaction between 
NPs and cell components that raises the potential for 
cytotoxicity and decreases the MI. The tested NPs 
caused different types of chromosomal aberrations. 
Some of the scored types, e.g., micronuclei, lagging 
chromosomes, and chromosome bridges, indicated a 
genotoxic effect of NPs because these types of 
chromosome aberrations only occur if there is a direct 
effect on DNA. These NP effects may also be due to the 
time of interaction between the NPs and the cell cycle 
periods. It seems that NPs have greater effects during 
the S-phase of the cell cycle and wither this interaction 
starts during the beginning, middle, or end of the S-
phase. 
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Detection and identification of plant pathogens is one of the most important strategies for sustainable 
plant diseases management. For this reason, the availability of fast, sensitive and accurate methods for 
detection and identification of plant pathogens is increasingly necessary to improve disease control 
decision making process. In other words, new technologies and improved methods with reduced/fair 
cost and improved speed, throughput, multiplexing, accuracy and sensitivity have emerged as an 
essential strategy for the control of both fungal and bacterial diseases. The development of 
recombinant DNA technology is also possible to isolate individual genes and incorporate resistance 
genes into otherwise agronomically acceptable cultivars to develop genetically resistance variety for a 
particular disease. These advances have been complemented by the development of new nucleic acids 
extraction methods, increased automation, reliable internal controls, multiplexing assays, online 
information and on site molecular diagnostics. The different types of polymerase chain reaction (PCR) 
are the most common DNA amplification technology used for detecting various plant pathogens. With 
the applications of bioinformatics as a modern technology in plant pathology, identification of specific 
motifs, DNA sequences has become possible, which ultimately increase the accuracy of modern 
techniques in plant disease diagnosis. The newly emerged proteomic technology is also a promising 
tool for providing information about pathogenicity and virulence factors that will open up new 
possibilities for plant disease diagnosis and appropriate protection measures. 
 
Key words: Biotechnology, molecular markers, marker assisted selection, quantitative trait loci (QTL), 
polymerase chain reaction (PCR), proteomics. 

 
 
INTRODUCTION  
 
Biotechnology is broadly defined as set of biological 
techniques developed through basic research and now 
applied to research and product development. In other 
words, it is the genetic manipulation and multiplication of 
any living organism through new technologies resulting in 
the production of improved and new organism and 
products can be used in a variety of ways  (Agrios,  2005; 

Fagwalawa et al., 2013). It is an applied science in the 
field of agriculture and known as agricultural 
biotechnology. Based on knowledge of DNA, scientists 
have developed solutions to increase agricultural 
productivity (Agrios, 2005). New biotechnological tools 
enhance pathologists’ ability to make improvements in 
crops  regarding  to  their  respective  diseases.  It can be 
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applied as genetic engineering, molecular markers, 
molecular diagnosis and tissue culture (James, 2003). 

Chemical control of plant diseases is often non-specific 
in its effects, killing beneficial organisms as well as 
pathogens, and it may have undesirable health, safety, 
and environmental risks. Because of these factors, 
nowadays, control of plant disease is a subject of great 
interest for biotechnologists. Biotechnology will enhance 
our understanding of the mechanisms that control a plant 
ability to recognize and defend itself against disease 
causing organisms like fungi (Haggag, 2008) and the 
future of sustainable agriculture will increasingly rely on 
the integration of biotechnology with traditional 
agricultural practices. 

Biotechnology is an important discipline for accurate 
diagnosis of plant disease. Enzyme-linked immunosorbent 
assays (ELISA) and nucleic acid techniques are used in 
the identification of fungal, viral and bacterial diseases. 
New techniques in plant genetic engineering strategies 
for the management of plant diseases are now available 
and the application of genetic engineering for plant 
disease resistance has been discussed and presented by 
many scholars. The different tools of biotechnology and 
genomic approaches have enhanced the process of 
identifying plant pathogens with greater accuracy. Plant 
genes and their products that interact with plant 
pathogens have been identified and either inserted into 
plants or used as specific molecular markers to improve 
plant breeding for disease resistance. Therefore, 
acquiring noble information from applied biotechnology to 
plant-pathogen interactions is providing new knowledge 
and new approaches to improve plant health, yield and 
quality of plants contributing to food (Fagwalawa et al., 
2013). 

Accurate identification and diagnosis of plant diseases 
are very important for sustainable food security as well as 
prevention of the spread of invasive pathogens (Balodi et 
al., 2017). In this regard, special interest should be taken 
in the early detection of pathogens in plant propagating 
materials (seeds, mother plants and vegetative 
propagative plant material) to avoid the introduction and 
further dispersal of new pathogens in a growing area 
where it is not present earlier. Therefore, rapid detection 
and identification of plant pathogens is strongly 
necessary by using fast, sensitive and accurate methods 
so as to come to last decision for appropriate control 
strategies. Some of the most important molecular 
methods for detection of plant pathogenic disease are the 
PCR isothermal amplification methods, fingerprinting 
[restriction fragment length polymorphism [RFLP], 
random-amplified polymorphic DNA (RAPD), amplified 
fragment length polymorphism (AFLP), microsatellites], 
DNA hybridization technology and sequencing 
(McCartney et al., 2003; Barnes and Szabo, 2007; Kang 
et al., 2010). Successful management of plant diseases 
is primarily dependent on the accuracy and efficient 
detection  of   the   pathogens,   knowing   the  amount  of 

genetic and pathogenic variability present in a pathogen 
population, development of disease resistant cultivars 
and quantifying disease resistance genes in different 
epidemiological regions. Beside conventional methods of 
pathogen detection and breeding resistant cultivars, 
recent development in molecular biology techniques 
particularly the advent of various DNA based markers 
have greatly influenced the plant protection methods. 
Therefore, the objective of this article is to review the 
major application of biotechnological tools to detect, 
identify and control of plant diseases as well as to give an 
overview of proteomics studies in bacterial diseases.  
 
 
ADVANCED TOOLS FOR DETECTION AND 
IDENTIFICATION OF PATHOGENS  
 
Detection protocols used for the diagnosis or quarantine 
measures should be reproducible, repeatable and should 
have minimum false results. All molecular detection 
methods should be sensitive to pathogen concentration, 
genetic variability within a target pathogen population, 
and similarities between the target and other organisms 
(Martin et al., 2016; Balodi et al., 2017). 
 
 
Bacterial diseases 
 
Detection of pathogenic bacteria in seed and other plant 
tissues (particularly in latent infections) is challenging 
because the target bacteria are often irregularly 
distributed and present as a small component of a much 
larger bacterial population. Moreover, it is often difficult to 
distinguish and identify pathogenic bacteria from all the 
soil-associated and other saprophytic bacteria normally 
present on plant surfaces. In addition to epiphytic and 
casual surface contaminants, non-detrimental or 
beneficial endophytic bacteria may also be present 
(Punja et al., 2008).  

Traditional techniques to detect the presence of 
pathogenic bacteria involved in field inspection for 
symptoms and signs of disease as well as laboratory 
tests (Figure 1). Laboratory procedures for detection of 
the bacteria may involve grow-out assays, serological 
tests such as ELISA and immune-fluorescence 
microscopy. In addition, isolation of the bacteria on 
selective or semi-selective media is also done. Following 
isolation, strains need to be characterized by 
physiological, biochemical and pathogenicity tests. Use of 
traditional methods is reliable and efficient for some of 
the bacterial plant pathogens, but for many others they 
lack adequate sensitivity and specificity. Another major 
disadvantage is the long times required for grow-out 
assays, bacterial isolation and pathogenicity tests. 
Therefore, new and modern molecular techniques are the 
best option to diagnosis of bacterial pathogens (Punja et 
al., 2008). 



Belete and Boyraz         799 
 
 
 

 
 

Figure 1. Detection methods of plant pathogens at various stages of disease development (adapted from Balodi et 
al., 2017). 

 
 
 

Nucleic acid (DNA)-based techniques have been 
demonstrated to be generally more sensitive, specific and 
reliable for the detection, identification and quantification 
of bacterial plant pathogens than other methods. Among 
the nucleic acid-based diagnostic techniques, PCR assay 
or its variants have been used very widely for detection of 
bacterial pathogens in pure cultures or in single/multiple 
infections of plant hosts (Narayanasamy, 2011). For 
example, a PCR-based assay using the primers from 
DNA sequences of the phaseolotoxin gene was able to 
detect efficiently the pathogen Pseudomonas savastanoi 
pv. phaseolicola, causing bean halo blight disease, even 
in the presence of high populations of non-target 
bacteria. Similarly, Xanthomonas axonopodis pv. 
manihotis and Ralstonia solanacearum  (from soil) can be 
detected by PCR, on amplifying an 898 and 288-bp 
fragment, respectively (Alvarez et al., 2008). In another  

 
study by Audy et al. (1994), X. axonopodis pv. phaseoli 
(Xap) was detected in the first time by employing primers 
from plasmid DNA, in PCR assay which had a detection 
limit of 10 to 100 fg of Xcp DNA (equivalent of 1 to 10 
cfu).   

To date, real-time PCR seed detection assays have 
been reported for Acidovorax avenae subsp. citrulli in 
watermelon seeds, R. solanacearum race 3, biovar 2, in 
asymptomatic potato tubers, Xanthomonas arboricola pv. 
pruni in Prunus species and Xanthomonas oryzae pv 
oryzae in rice by Real time Bio-PCR (Balodi et al., 2017).  
 
 
Fungal diseases  
 
Plant pathogenic fungi are the causal agents of the most 
detrimental diseases in plants, provoking considerable  
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yield losses worldwide (Aslam et al., 2017). Some of the 
basic methods used to detect fungal pathogens mostly 
rely on microscopic, morphological and cultural 
approaches that require extensive time, labor and 
classical taxonomy knowledge (Nilsson et al., 2011). 
Even though, these approaches are the cornerstone of 
fungal diagnostics, they can lead to the unreliable results 
due to the problems in weak identification. Therefore, 
advances in the development of molecular methods, like 
immunological methods, nucleic acid-based probe 
technology and PCR technology have provided 
diagnostic laboratories with powerful tools for detection 
and identification of phytopathogenic fungi (Aslam et al., 
2017). These methods are much faster, more specific, 
sensitive, and accurate, and can be performed and 
interpreted by personnel with no specialized taxonomical 
expertise (Badali and Nabili, 2012). Additionally, these 
techniques allow the detection and identification of non-
culturable microorganisms, and due to its high degree of 
specificity, molecular techniques can distinguish closely 
related organisms at different taxonomic levels (Capote 
et al., 2012). PCR technology includes multiplex PCR, 
nested PCR, real-time PCR and reverse transcriptase 
(RT)-PCR and DNA barcoding has been recently used as 
a molecular tool for detection and identification of fungal 
pathogens (Table 1).  

PCR methods for identification of Sclerotium rolfsii and 
Colletotrichum capsici have been developed based on 
specific sequences of the internal transcribed spacer 
(ITS) region. Multiplex PCR technique has been used for 
the simultaneous detection and differentiation of fungal 
pathogens in different crops like in sunflower 
(Podosphaera xanthii and Golovinomyces 
cichoracearum), in cedar trees and water samples 
(Phytophthora lateralis). It is also very important  for 
determining the mating type of the pathogens Tapesia 
yallundae and Tapesia acuformis; for differentiating two 
pathotypes of Verticilliun alboatrum infecting hop and for 
distinguishing among eleven taxons of wood decay fungi 
infecting hardwood trees (Guglielmo et al., 2007; Chen et 
al., 2008; Jeeva et al., 2010; Torres-Calzada et al., 2011; 
Capote et al., 2012). Padlock probes have been used for 
the simultaneous detection of Phytophthora cactorum, 
Phytophthora nicotianae, Pythium ultimum, Pythium 
aphanidermatum, Pythium undulatum, Rhizoctonia solani, 
Fusarium oxysporum f. sp. radicis-lycopersici, Fusarium 
solani, Myrothecium roridum, Myrothecium verrucaria, 
Verticillium dahliae and Verticillium alboatrum in samples 
collected from horticultural water circulation systems in a 
single assay (Van Doorn et al., 2009; Capote et al., 
2012). ISSR and SRAP markers were also used for 
molecular characterization of Venturia inaequalis isolates 
for the first time and they were more informative, easily 
applicable, reproducible, and specific (Kaymak et al., 
2016). 

A polymerase chain reaction-denaturing gradient gel 
electrophoresis (PCR-DGGE) detection tool based on the  

 
 
 
 
amplification of the ITS region has been recently applied 
to detect multiple Phytophthora species from plant 
material and environmental samples (Shamim et al., 
2017). Real-time PCR is currently considered the gold 
standard method for detection of plant pathogens. This 
technique allows the monitoring of the reaction during the 
amplification process by the use of a fluorescent signal 
that increases proportionally to the number of amplicons 
generated and to the number of targets present in the 
sample (Alemu, 2014). Another advantage of real-time 
PCR is the capability to perform multiplex detection of 
two or more pathogens in the same reaction. 
Microdochium nivale in wheat seeds and Fusarium 
circinatum in pine seed were detected by real time-PCR 
assay (Balodi et al., 2017). SYBR Green real-time PCR 
assays can detect so many pathogenic fungi like Botrytis 
cinerea, Fusarium oxysporum f. sp. vasinfectum, 
Colletotrichum acutatum, Phoma sclerotioides, Pythium 
irregular, Rhizoctonia solani, Verticillium dahliae, etc. 
(Capote et al., 2012). 
 
 
APPLICATION OF MOLECULAR MARKERS FOR 
RESISTANCE BREEDING  
 
Disease resistance in crop plants is a major challenge in 
plant breeding. Conventional breeding for disease 
resistance is based on phenotypic identification and 
crossing with agronomically desirable but susceptible 
plants. It has made great progress in incorporating 
natural defense genes. This is performed based on a 
backcross program which takes more than 7 years to 
reach the final goal. However, the modern molecular 
techniques make it possible to use markers and probes 
to track the introgression of several resistance genes into 
a single cultivar from various sources during a crossing 
program. The advent of new biotechnology techniques 
such as marker-assisted selection provides new 
opportunities to enhance plant disease resistance 
(Torres, 2010; Torres-Calzada et al., 2011). 

Different types of molecular markers (DNA based 
markers) have been developed and used for developing 
of disease resistance varieties. Restriction Fragment 
Length Polymorphism (RFLP), Random Amplified 
Polymorphic DNA (RAPD), Amplified Fragment Length 
Polymorphism (AFLP), Inter Simple Sequence Repeat 
(ISSR), Microsatellites or Simple Sequence Repeat 
(SSR), Allele Specific Associated primers (ASAP), 
Expressed Sequence Tag (EST), Cleaved Amplified 
Polymorphic Sequence (CAPS), Diversity Arrays 
Technology (DArT), Sequence Characterized Amplified 
Regions (SCARs) and Single Nucleotide Polymorphism 
(SNP) are some of molecular markers and have been 
used in several crops (Table 2) (Doveri et al., 2008; 
Singh et al., 2013; Ragimekula et al., 2013). Application 
of molecular markers for breeding disease resistant 
varieties   is   especially   interesting   when  breeding  for  
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Table 1. The advantage and disadvantage of molecular detection and identification tools in fungi. 
 

Molecular tools Advantages Disadvantages 

Conventional PCR 
Gives rapid and precise results when use 
the primer of specific species 

Required much labor and cost 

   

Nested PCR 
Use of two sets of primer increase the yield 
and specificity of amplification of the target 
DNA 

Risk of contamination, because of two cycles of 
amplification 

   

Multiplex PCR 
Time and money saver by using the several 
pairs of primers in a same reaction 

Interference of primers and probes, reduce sensitivity 

   

Reverse transcriptase 

(RT) PCR 

Gives quantitative data about pathogens, 
more sensitive than conventional PCR 

Formation of each assay is time consuming and 
requires the expensive equipment and the reagents 

   

Real-time PCR (q PCR) 
Automated and no need of post amplification 
analysis 

Cost and complexity due to simultaneous thermal 
cycling and fluorescence detection 

   

In situ hybridization Maximum use of the short supply tissue 
Difficulty in identifying targets that have low DNA and 
RNA copies 

   

FISH Can be used for non-dividing cells 
Probe-preparing method is very difficult because it is 
necessary to tailor the probes to identify the particular 
sequences of DNA 

   

Microarray 
Easy to use because it does not require the 
large-scale DNA sequencing 

Large amount of mRNA is required 

   

LAMP Rapid, sensitive and highly specific 
Primer design is complex; recognizes only one 
specific pathogen; risk of sample contamination 

   

NASBA 
Expensive equipment is not needed. Better 
than RTPCR 

Specificity of the reactions is dependent on 
thermolabile enzymes. Reaction temperature cannot 
be exceeded than 42°C without compromising it 

   

RNA interference 

(RNAi) 

Ability to simultaneously interrogate 
thousands of genes 

Variability and incompleteness of knockdowns and the 
potential non specificity of reagents 

   

Northern blotting Detection of RNA size Applied only on a small sample of the genes 

   

SAGE 
Prior knowledge of the subject’s genome is 
not requisite 

Specificity of tag sequence 

   

RNA-Seq Increased specificity and sensitivity 
Needs expensive equipment. Bioinformatics 
knowledge requisite for data analysis 

 
 
 
resistance traits that are difficult or expensive to assess 
phenotypically. 

Resistance to Turcicum leaf blight in sorghum 
accession G-118 was found to segregate as a single 
dominant trait in a cross with susceptible cultivar HC-136. 
By using SSR markers coupled with bulk segregant 
analysis, a molecular marker linked to the locus for 
resistance to Turcicum  leaf  blight  was  identified  (Mittal 

and Boora, 2005). In the same population, an SSR 
marker, Xtxp 309, produced amplification of a 450 bp 
band. This was found to be located at a distance of 3.12 
cM away from the locus governing resistance to leaf 
blight which was considered to be closely linked and 7.95 
cM away from the locus governing susceptibility to leaf 
blight (Mittal and Boora, 2005). By the RAPD technique 
with  bulk-segregant  analysis,  it  was possible to identify  
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Table 2. Some applications of molecular marker assisted selection (MAS) in four crops. 
  

Character/Trait Target genes Types of marker used References 

Rice    

Bacterial blight resistance  xa5, xa13 &  Xa21  
CAPS for xa5  (RG556+DraI), CAPS for xa13  (RG136+HinfI), 
STS for Xa21  (pTA248)  

Sundaram et al. (2008)  

    

Bacterial blight (BB) resistance + Grain quality  xa13 & Xa21  CAPS for xa13  (RG136+HinfI), STS for Xa21  (pTA248)  Gopalakrishnan et al. (2008)  

    

Bacterial blight (BB) resistance  Xa4, X17 &  Xa21  STS for Xa4 & Xa7,  STS for Xa21 (pTA248)  Perez et al. (2008)  

    

Bacterial blight (BB) resistance  xa5 and xa13  CAPS for xa13  (RG136+HinfI), STS for Xa21  (pTA248)  Sundaram et al. (2009)  

    

Blast  resistance  Pi-9(t)  pB8  Wen and Gao (2011)  

    

Bacterial blight (BB) resistance  Xa4, xa5, xa13 & Xa21  
STS for Xa4, CAPS for xa5 (RG556+DraI), CAPS for xa13 
(RG136+HinfI), STS for Xa21 (pTA248)  

Shanti et al. (2010) 

    

Bacterial blight (BB) resistance + Blast resistance  xa5, xa13, Xa21 &Pi25  
CAPS for xa5 (RG556+DraI), CAPS for xa13 (RG136+HinfI), 
STS for Xa21 (pTA248) and STS for Pi25 (SA7)  

Zhan et al. (2012)  

    

Bacterial blight (BB) resistance + Blast resistance + sheath blight 
(ShB) 

xa13, Xa21, Pi54 & qSBR11-1  
CAPS for xa13 (RG136+HinfI), STS for Xa21 (pTA248), SSR for 
Pi54 (RM206), SSR for qSBR11-1 (flanking markers RM224 and 
RM7443)  

Singh et al. (2012)  

    

Bacterial blight (BB) resistance  xa13 & Xa21  CAPS for xa13 (RG136+HinfI), STS for Xa21 (pTA248)  Pandey et al. (2013) 

    

Bacterial blight (BB) resistance + Blast resistance  Xa21& Pi54  STS for Xa21 (pTA248), SSR for Pi54 (RM206)   

    

Bacterial blight (BB) resistance  Xa4, xa5, xa13 & Xa21  
STS for Xa4, CAPS for xa5 (RG556+DraI), CAPS for xa13 
(RG136+HinfI), STS for Xa21 (pTA248)  

Dokku et al. (2013) 

    

Barley    

Barley yellow mosaic virus I-III  - RFLP  Okada et al. (2003)  

Resistance to cereal cyst nematode  - RFLP Barr et al. (2000) 

Barley stripe rust  - RFLP,  RAPD, AFLP  Hayes et al. (2003)  

Barley yellow mosaic virus complex (BaMMV, BaYMV, BaYMV-2)  - RAPD, SSR, STS Werner et al. (2005) 

Resistance to BYDV  - CAPS, SSR, STS  Scholz et al. (2009)  
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Table 2. Contd. 

 

Wheat    

Fusarium head blight (FHB) resistance  - SSR  Miedaner et al. (2006) 

Fusarium head blight QTL  - SSR  Wilde et al. (2008) 

Leaf rust (Puccinia triticina) resistance gene Lr47  - SSR  Bainotti et al. (2009)  

Powdery mildew (Erysiphe graminis f.sp. tritici) resistance genes  - RFLP  Liu et al. (2000)  

    

Soybean    

Soybean mosaic virus (SMV)  - SSR Shi et al. (2009) 

SCN resistance  - SSR Arelli et al. (2007) 

Resistance to frogeye leaf spot (Cercospora sojina)  - SNP, SSR  Shannon et al. (2009 ) 

 
 
 
PCR amplification products segregated with the 
response to Turcicum leaf blight (Boora et al., 
1999). A three-gene pyramid line of rice was 
identified by MAS to possess broad-spectrum 
bacterial blight resistance and excellent grain 
quality (Sundaram et al., 2008). Pandey et al. 
(2013) improved the two traditional bacterial blight 
(BB) susceptible rice varieties through the 
strategy of limited marker-assisted backcrossing 
for introgression of two major BB resistance 
genes coupled with phenotype-based selection for 
improvement of their plant type and yield. 
Generally, many scholars identified new QTLs 
related to resistance genes, however, very few of 
them reported (shown in Table 2) have been used 
for MAS in breeding programs. Manulis et al. 
(1994) were able to identify the specific banding 
patterns that were subsequently used as probes 
to distinguish between the races of the carnation 
wilt fungal pathogen F. oxysporum f. sp. dianthi by 
using RAPDs. In another study, RAPD markers 
were used to infer the genetic relationships 
among the wheat bunt fungi. Globally, RAPD 
markers are also reported to be useful in 
diagnostic studies of many plant pathogens 
(Singh  et   al.,  2013).   Billard  et  al.  (2012)  also 

identified fungal pathogen using ASAP marker 
system. In addition, they also identified resistance 
gene by molecular markers, knowing the genetic 
variability and diversity of the disease causing 
agents are also imperative. Kaymak et al. (2016) 
used RAPD, ISSR, SSR and SRAP markers to 
evaluate the genetic divergences and the 
relationships of Venturia inaequalis isolates. They 
reported that SSR and SRAP markers were found 
to be more informative and consistent than other 
marker techniques during their study.  
 
 

PROTEOMIC STUDIES AS A TOOL IN 
PATHOGENIC BACTERIA  

 
Proteomics is the large-scale study of the whole 
set of proteins present in a cell, tissue or organism 
at a specific time point under specific conditions. 
In recent years, proteomics has played a key role 
in identifying changes in protein levels in plant 
hosts upon infection by pathogenic fungal and 
bacterial organisms and in characterizing cellular 
and extracellular virulence and pathogenicity 
factors produced by pathogens (Lodha et al., 
2013).  Mehta  and  Rosato  (2001)   reported  the 

analysis of X. axonopodis pv. citri cultivated in the 
presence of the host Citrus sinensis leaf extract 
and recognized differentially expressed proteins, 
including a sulfate-binding protein, by NH2 
terminal sequencing. The same authors 
suggested that the induction of this enzyme may 
have been caused by the amino acids or different 
sugars present in the leaf extract. Tahara et al. 
(2003) also analyzed the expressed proteins of X. 
axonopodis during interaction with the host 
Passiflorae edulis leaf extract, and identified an 
inorganic pyrophosphatase and an outer 
membrane protein up regulated in the presence of 
leaf extract, also by NH2 terminal sequencing. It 
was proposed that the protein which was 
identified in outer membrane may have an 
important role in pathogenicity (Tahara et al., 
2003). 
  In a 2DE-mediated proteomic study of Xylella 
fastidiosa, the causal agent of citrus variegated 
chlorosis, showed that this pathogen did not 
produce significant changes in heat shock protein 
expression when compared with X. axonopodis 
pv. citri (Martins et al., 2007). However, it was 
found that X. fastidiosa constitutively expressed 
several  stress-inducible  proteins   such   as  heat
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shock protein A (HspA) and GroeS, which were induced 
in X. citri under stress conditions. The authors suggested 
that the constitutive expression of these proteins may 
help X. fastidiosa cope with sudden environmental 
changes and stresses. 

With regard to plant defense responses, direct 
evidence of the involvement of target proteins has also 
been provided by proteomic studies (Table 3). Although 
few of the reports outlined clearly show the importance of 
proteomic approaches, which can aid significantly in the 
understanding of plant bacterium interactions. A detail 
understanding of plant defense response using 
successful combination of proteomic techniques is 
needed for practical application to secure and stabilize 
yield of many crop plants (Lodha et al., 2013). Jones et 
al. (2004) analyzed the proteomic and transcriptomic 
profiles of Arabidopsis thaliana leaves during early 
responses (1 to 6 h post-inoculation) to the challenge by 
Pseudomonas syringae pv. tomato. They compared the 
proteomic changes in A. thaliana in response to the P. 
syringae pv. tomato highly virulent strain DC3000, which 
results in successful parasitism, a DC3000 hrp mutant, 
which induces basal resistance, and a trans-conjugant of 
DC3000 expressing avrRpm1, which triggers a gene-for-
gene-based resistance. As a follow-up study, Jones et al. 
(2006), examined the global proteomic profile in three 
sub-cellular fractions (soluble protein, chloroplast and 
mitochondria enriched) of A. thaliana responding to the 
same three P. syringae pv. tomato DC3000 strains. This 
was the first report to associate post-translational events 
(1 to 6 h post-inoculation) occurring before significant 
transcriptional re-programming. The results showed that 
several chloroplast systems are modified during all 
aspects of the defense response. 

Many study was conducted between rice and bacterial 
association, some are pathogenic and cause severe 
damages to the crop, such as X. oryzae pv oryzae, 
Burkholderia glumae, Burkholderia kururiensis and 
Pseudomonas fuscovaginae. Among them, B. kururiensis 
is very often isolated from rice and has been studied 
recently for its potential beneficial effects on the plant and 
the mechanisms of interaction (Suarez-Moreno et al., 
2012). The role of defense responsive proteins in the X. 
oryzae pv. oryzae interaction was investigated through a 
proteomic approach (Mahmood et al., 2006). Cytosolic 
and membrane proteins were fractionated from the rice 
leaf blades 3 days post-inoculation with incompatible and 
compatible X. oryzae pv. oryzae races. From 366 
proteins analyzed by 2DE, 20 were differentially 
expressed in response to bacterial inoculation. Analyses 
clearly revealed that the four defense related proteins 
[PR-5, probenazole-inducible protein (PBZ1), superoxide 
dismutase (SOD) and Prx] were induced for both 
compatible and incompatible X. oryzae pv. oryzae races, 
wherein PR-5 and PBZ1 were more rapid and showed 
higher induction in incompatible interactions and in the 
presence of jasmonic acid (JA). Study in the same rice X.  

 
 
 
 
oryzae pv. oryzae interaction, Chen et al. (2007) 
analyzed proteins from rice plasma membrane to 
investigate the early defense responses proteins involved 
in XA21-mediated resistance. XA21 is a rice receptor 
kinase, predicted to perceive the X. oryzae pv. oryzae 
signal at the cell surface, leading to the ‘gene-for-gene’ 
resistance response. At the same time, a total of 20 
proteins were differentially regulated by pathogen 
challenge at 12 and 24 h post-inoculation and identified 
at least eight putative plasma membrane-associated and 
two non-plasma membrane-associated proteins with 
potential functions in rice defense were observed by the 
same authors. 

By comparing two partially resistant lines and a 
susceptible line in a time course (72 and 144 h post-
inoculation) experiment, proteins from the wild tomato 
species Lycopersicon hirsutum that are regulated in 
response to the causal agent of bacterial canker 
(Clavibacter michiganensis subsp. michiganensis) were 
identified. Twenty six differentially regulated tomato 
proteins were identified by using 2DE and ESI-MS ⁄MS, 
12 of which were directly related to defense mechanisms.  

Proteomic analysis was also used to detect the 
responses of the model legume Medicago truncatula to 
the pathogenic bacterium Pseudomonas aeruginosa in 
the presence of known bacterial quorum sensing signals, 
such as N-acyl homoserine lactone (AHL) (Mathesius et 
al., 2003). To make appropriate responses to the 
pathogen, the fast and reliable detection of bacterial AHL 
signals by plant hosts is essential. Therefore, M. 
truncatula is able to detect very low concentrations of 
AHL from P. aeruginosa and response in a global manner 
by significant changes in the accumulation of 154 
proteins, 21 of which are related to defense and stress 
responses.   
 
 
CONCLUSIONS  
 
The science of plant diseases diagnostics and 
management has progressed in technological 
advancements from the visual inspection of signs and 
symptoms of diseases to molecular level detection of the 
pathogens. Currently, precise identification and diagnosis 
of plant pathogens to the species or strain level, 
information during their early stages of infection, and 
better understanding of pathogenicity factors are the 
crucial prerequisite for disease surveillance and 
development of novel disease control strategies. 
Therefore, the advancements in the field of plant 
pathology, coupled with biotechnology, bioinformatics 
and molecular biology have opened new avenues for 
development of specific and sensitive procedures of 
diagnosis. And currently more sensitive methods like 
Real Time PCR and Microarrays are being used. Genetic 
engineering is also one of the potential tools to provide 
an abundance  of  beneficial  plant  traits,  particularly  an  
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Table 3. Some examples of proteins expressed in plant-bacterial interactions and identified in plants using proteomic approaches (Jones 
et al., 2004, 2006; Mahmood et al., 2006; Chen et al., 2007). 
 

Protein Studied organism Pathogen 

lutathione S-transferase A. thaliana P. syringae 

Peroxiredoxin A. thaliana P. syringae 

Peroxiredoxin, chloroplast O. sativa X. oryzae pv. oryzae 

Glyceraldehyde 3-phosphate dehydrogenase O. sativa X. oryzae pv. oryzae 

Triosephosphate isomerase, cytosolic (EC 5.3.1.1) O. sativa X. oryzae pv. oryzae 

Thaumatin-like protein X O. sativa X. oryzae pv. oryzae 

Superoxide dismutase O. sativa X. oryzae pv. oryzae 

Alcohol dehydrogenase 1 a O. sativ X. oryzae pv. oryzae 

Quinone reductase O. sativa X. oryzae pv. oryzae 

Prohibitin O. sativa X. oryzae pv. oryzae 

Ascorbate peroxidase O. sativa X. oryzae pv. oryzae 

Remorin 1 L. hirsutum C. michiganensis subsp michiganensis 

Ascorbate peroxidase L. hirsutum C. michiganensis  subsp. michiganensis 

Glutathione S-transferase L. hirsutum C. michiganensis  subsp michiganensis 

Pathogenesis-related 3 (endochitinase precursor) L. hirsutum C. michiganensis  subsp michiganensis 
 
 
 

enhanced ability to withstand or resist attack by plant 
pathogens. In addition, developments in DNA marker 
technology together with the concept of marker-assisted 
selection provide new solutions for selecting and 
maintaining desirable genotypes. Marker assisted 
selection can be performed in early segregating 
populations and at early stages of plant development for 
pyramiding the resistance genes, with the ultimate goal of 
producing varieties with durable or multiple disease 
resistance. Generally, a timely detection of resistance 
levels in populations of phytopathogenic pathogens in a 
field would help the growers formulate proper decisions 
on resistance management programs to control plant 
diseases. Finally, future studies will be focused on the 
practical application of each traditional or innovative 
method, their cost and availability of instruments, 
specialization level, rapidity of analysis, and the stage of 
disease at which detection is possible. 
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Essential oils are natural substances which can be used as natural conservators for foods. The present 
work aimed to evaluate biological properties of essential oil of Hyptis suaveolens and its effect on 
shelf-life of beef. The extraction was carried out by hydro-distillation. Antioxidant activity was 
determined by method of DPPH and FRAP. Antimicrobial activity was determined by the microdilution 
and agar diffusion methods. The sensitivity of eleven pathogen microbial strains was tested. The 
conservation test of ground meat using essential oil was carried out by monitoring the evolution of the 
microbial groups. Result showed that extraction yield of essential oil was 0.21% (m/v). The DPPH assay 
gave IC50 of 16.367 ± 0.0739 µL and was confirmed by the FRAP assay. The essential oil from H. 
suaveolens showed inhibitory activity on microbial strains. Biopreservation assay revealed a significant 
decrease of microbial charge during conservation time. Thus essential oil was successful in vitro and 
its activity on prolonging shelf-life of beef was found to be 7 days. The results of the present study 
demonstrated the possibility of essential oil from H. suaveolens to be used as natural conservator for 
food industry. 
 
Key words:  Hyptis suaveolens, essential oil, biopreservation, biological properties, meat. 

 
 

INTRODUCTION 
 

The sanitary quality of a food is one of essential bases  of  its ability to satisfy  the  safety of  the  consumers. A  food  
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exposed to microbial spoilage could lose its organoleptic, 
nutritional and sanitary qualities (Guiraud, 2003). Despite 
the improved techniques for preserving food, the kind of 
preservatives remains as one of the most important 
issues for public health (Burt, 2004). One of the main 
problems in food industry is to ensure safe food 
preservation for consumers (Nessrien and Mohamed, 
2007). To cope with the problems of oxidation and 
contamination of foodstuffs, new chemical compounds 
have often been used to prevent the deterioration of food 
(Nakahara et al., 2003a). Preservatives such as butylated 
hydroxyanisole (BHA), butylated hydroxytoluene (BHT) 
and tert-Butylhydroquinone (TBHQ) used in food 
preservation have been limited in several countries due 
to their undesirable toxicological and carcinogenic effects 
at short or long time (Rachid et al., 2010). Also, the 
current trend of consumers to seek a more natural diet 
has increased. The demand by customers for natural 
preservative has directed researchers’ interest to develop 
protective methods for reliable foods having better 
nutritional and organoleptic properties and with high 
microbial quality (Goni et al., 2009). Aromatic plants have 
interesting properties due to metabolic substances during 
their secondary metabolism (Rashid et al., 2010). These 
substances (the essential oils) are getting more interest 
for industries and scientific research due to their 
antioxidant, antibacterial and antifungal activities (Dung 
et al., 2008). They are also useful as natural preservatives 
in agro-food industries (Rasooli et al., 2008). In the 

developing countries where the demographic growth rate 
is raised, the meat consumption progresses quickly. It is 
in the case in sub-Saharan Africa, where the beef 
represent the main of the additional consumption of the 
area. If the majority of the beef consumed in sub-Saharan 
Africa is produced in the area, half of additional 
consumption will come from the importation. The beef 
consumption will increase gradually during ten next 
years. It should increase approximately 17% in the areas 
under development (OCDE/FAO, 2017).  

Essential oils are a source of natural preservatives for 
perishable dairy products in Sub-Saharan Africa where 
the capacity of food preservation by cold chain is very 
limited. Among commodities, meat products are very 
susceptible to deterioration. Poorly preserved meat can 
lead to economic losses and health consequences in 
most of developing countries. In Burkina Faso, beef is a 
food of choice because of its importance as a source of 
protein. However, rapid deterioration can be observed 
due to microbial contamination. Some microorganisms 
can be pathogenic and harmful for consumers’ health. To 
overcome or stop meat spoiling, it is important to use 
natural preservatives such as essential oils. Although the 
antimicrobial activity of essential oils derived from plants 
has been proved by in-vitro tests, more research is 
required in order to investigate their activities on food. 
The present study aimed to investigate the biological 
properties of essential oils from H. suaveolens as well as 
it capacity to prolong shelf-life of meat. 
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MATERIALS AND METHODS 
 
Plant material  
 
The leaves from H. suaveolens were collected in different areas of 
Ouagadougou. The identification of the plant (H. suaveolens) was 
carried out by the Laboratory of Plant Ecology Biology in University 
Joseph Ki-Zerbo. Fresh plant material was dried about 25°C for 72 
h.  
 
 
Indicator microorganisms 
 
The antimicrobial activity study focused on eleven (11) microbial 
strains used as indicator microorganisms: 
 
1. Nine (09) bacterial strains including 5 Gram-negative (Escherichia 
coli ATCC8739, Salmonella typhi, Salmonella paratyphi, Shigella 
dysenteria, and Pseudomonas aeruginosa ATCC9027) and 4 
Gram-positive strains (Staphylococcus aureus ATCC25923, Listeria 
monocytogenes, Clostridium perfringens and Bacillus cereus), 
maintained as stock cultures at -80°C in Mueller-Hinton broth 
medium (Liofilchem, Italy) with 20% (v/v) glycerol as cryoprotectant. 
2. Two (02) fungal strains (Candida albicans and Aspergillus niger), 
maintained as stock cultures at -80°C in Sabouraud broth medium 
(Liofilchem, Italy) with 20 % (v/v) glycerol as cryoprotectant. 

 
 
Food matrix: Ground beef 
 
Ground beef was purchased at Zogona market (Ouagadougou). 
The meat samples were placed in icebox to maintain refrigerated 
conditions and transported to the laboratory. 

 
 
Essential oil extraction  
 
The essential oil was extracted from the plant material by hydro-
distillation according to the method described by Baser and 
Buchbauer (2010). 500 g of dry matter was immersed in a 
Clevenger type apparatus containing about 5 L of distilled water. 
The mixture was boiled for three (03) hours. The obtained essential 
oil was collected in a sterile amber glass bottle for preservation. 
Yield, expressed as a percentage (% weight/weight), and was 
calculated using the following equation: 
 
Yield = (Mass of essential oil (g)) / (Mass of dry matter (g)) × 100 

 
 
Analysis of the organoleptic properties of essential oil 
 
Organoleptic properties such as color, appearance and odor have 
been determined directly by the sense organs. The essential oil 
was first transferred to a transparent bottle and analysis by using of 
standard procedures. 

 
 
Determination of biological activities of essential oil 
 
Antioxidant activity  
 
 DPPH radical scavenging assay: The 2,2-diphenyl-1-
picrylhydrazyl (DPPH) test was performed according to the method 
described by Joshi et al., (2010). Different volumes of essential oil 
(5, 10, 15, 20 and 25 μL) were mixed with 5 mL of ethanolic solution 
of DPPH (0.004 % weight/volume). The mixture obtained was 
incubated  in  dark space  for  30 min  and  absorbance was read at  
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517 nm using a spectrophotometer (Jasco, Japan). 
Butylhydroxytoluene (BHT) (0.05 M), ascorbic acid (0.005 M) and 
quercetin (0.05 M) (5, 10, 15, 20 and 25 μL) were used as standard 
antioxidants and a negative control was also prepared in the same 
conditions like the samples. The tests were carried out in triplicate. 

The percentage of inhibition (% I) was calculated according to the 
following equation: 
 

% Inhibition = [(Ablank⎯Asample) / Ablank] × 100; where Ablank is the 
absorbance of the negative control and Asample is the absorbance of 
the essential oil. 
 
The antioxidant activity of the essential oil was expressed by the 
50% inhibitory concentration (IC50) which is the amount of 
essential oil needed to reduce the initial concentration of DPPH by 
50%. The 50% inhibitory concentration was calculated using a 
regression line (% inhibition = f (concentrations)). The tests were 
carried out in triplicate. 
 
Ferric reduction antioxidant power (FRAP): The reducing power 
of essential oil of H. suaveolens was determined according to the 
method of Singh et al. (2006). Different volumes of essential oil (5, 
10, 15, 20 and 25 μL) were mixed with 2.5 mL of phosphate buffer 
(200 mM, pH 6.6) and 2.5 mL of potassium ferricyanide (K3Fe 
(CN)6) at 1%. The mixture was incubated at 50°C for 30 min then 
2.5 mL of trichloroacetic acid (10%) were added to the mixture 
followed by centrifugation at 650 G for 10 min. The supernatant was 
collected (5 mL) and mixed with 5 mL of distilled water and 1 mL of 
0.1% iron (FeCl3) chloride. Absorbance was then measured at 700 
nm using a spectrophotometer. Ascorbic acid was used as a 
standard at 5 mg/Ml. A negative control (blank) was also included in 
each test. The standard and blank were prepared according to the 
process of essential oil. An increase in absorbance indicates an 
increase in reducing power. A standard curve of essential oil 
absorbance was developed. The tests were carried out in triplicate. 
 
 
Screening of essential oil for antimicrobial activity  
 
Preparation of the inocula of bacterial and fungal strains 
 
The inocula of bacterial and fungal strains used as indicators were 
prepared before inoculating during the assays.  

A suspension of each bacterial strain was prepared in 10 mL of 
Mueller-Hinton Broth for 18 to 24 h at 37°C. Using the sterile diluent 
(physiological saline) (Liofilchem, Italy), the concentration was 
adjusted in each tube to about 1.0 × 108 CFU/mL comparable to 
that of the McFarland 0.5 standard according to Lennette et al. 
(1987). For the fungal suspension, each strain was prepared in 
Sabouraud broth (Liofilchem, Italy) for 18 to 48 h at 30°C. With a 
sterile diluent, the concentration was adjusted to about 1.0 × 108 
CFU/mL comparable to that of the McFarland 0.5 standard 
(Lennette et al., 1987). 
 
 
Agar diffusion method 
 
Petri dishes containing Sabouraud Chloramphenicol medium (for 
fungal strains) and Mueller-Hinton agar (for bacterial strains) were 
inoculated aseptically with the inocula. Seeding was done by 
flooding the Petri dish and the excess was aspirated. After drying 
the dishes, wells were cut with a sterile cork borer (diameter: 6 mm) 
in the agar and 10 μL of H. suaveolens essential oil was added into 
the different wells. The dishes were exposed at room temperature 
for one (1) hour before incubation to promote diffusion of essential 
oil on agar plate. The dishes were incubated at 37 °C for 24 hours 
for bacteria and at 30°C for 48 h for fungal strains. The presence of 
a clear zone around  the  well  indicates  the  inhibition. The  results  

 
 
 
 
were read by measuring the diameters of inhibition zones in mm 
(Rhayour, 2002). 

The activity of essential oil was assessed according to the 
diameter of inhibition values as described by Negreiros et al., 
(2016). The microbial strains were classified as non-sensitive when 
a diameter is less than 8 mm, sensitive from 9 to 14 mm, highly 
sensitive from 15 to 19 mm and extremely sensitive for more than 
20 mm. 
 
 
Determination of minimum inhibitory concentration (MIC) 
 
Determination of the minimum inhibitory concentration (MIC) was 
performed in a sterile 96-well microplate.  
For bacterial strains, 190 μL of Muller-Hinton broth supplemented 
with tween 80 (0.5%) were introduced into the wells of line 1 and 
100 μL into the other wells of the microplate from line 2 to line 12, 
then 10 μL of essential oil were added to the wells of line 1. The 
contents of the wells of line 1 were well mixed. 100 μL were 
collected from these wells (line 1) for cascade dilutions in the other 
wells (line 1) to the 0.004 % concentration.  

The inoculum density was adjusted with sterile saline solution 
(NaCl 0.9 % w/v) to McFarland 0.5 corresponding to 108 CFU/mL. 
100 μL of bacterial inoculum were added to all wells except the 
wells in line 11 which contained only the essential oil and Muller-
Hinton broth. Line 11 (without inoculum) served as a negative 
control. Line 12 containing Muller-Hinton broth and bacterial 
suspension served as a positive control. The microplates were 
closed and incubated for 18 to 24 h at 37°C (Yu et al., 2004; 
Obame, 2009). 

For fungal strains, Sabouraud broth supplemented with tween 80 
(0.5%) was used. The same procedure as described previously was 
performed for experiment. The microplates were incubated at 30°C 
for 48 to 72 h.  

Microbial growth is indicated by reading the optical density of 
culture (Yu et al., 2004). The lowest essential oil concentration 
inhibiting the microbial growth after incubation period was identified 
as minimum inhibitory concentration (MIC). The treatments were 
repeated three times and mean values calculated. 

 
 
Determination of minimum bactericidal concentration (MBC)  
 
One hundred (100) microliter were taken from wells without 
detectable growth after 24 h of incubation at 37°C and seeded by 
spreading on Mueller-Hinton agar (Ouedraogo, 2012). The lowest 
concentration at which 99.99% of bacteria cells were inhibited after 
24 h of incubation was identified as minimum bactericidal 
concentration (MBC). Experiments were done in triplicate.  

 
 
Determination of minimum fungicidal concentration (MFC) 
 
A volume of one hundred (100) μL was collected from wells that did 
not present detectable growth after incubation at 30°C for 72 h. It 
was seeded on Sabouraud Chloramphenicol agar (Ouedraogo, 
2012). The lowest concentration at which 99.99% of fungal cells 
were inhibited after 72 h of incubation was identified as minimum 
fungicidal concentration (MFC). Experiments were done in triplicate. 

 
 
Determination of ratio MBC/MIC and MFC/MIC  
 
The ratio MBC/MIC and MFC/MIC allowed the determination of the 
bactericidal or bacteriostatic and fungicidal or fungistatic capacities 
of essential oil on the strains tested according to Canillac and 
Mourey (2001) and Derwich et al., (2010): 
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Table 1. Organoleptic characteristics of the essential oil of Hyptis suaveolens. 
 

Color Light yellow 

Appearance Fluid, limpid, very transparent, very bright  

Odor  Very strong, aromatic, minty, characteristic of the plant 

 
 
 
Essential oil is bacteriostatic when MBC/MIC>4; 
Essential oil has bactericidal property when MBC/MIC≤4;  
Essential oil has fungicidal effect when MFC/MIC<4; 

Essential oil has fungistatic effect when MFC/MIC4. 
 
 
Preservation of ground meat by essential oil 
 
The essential oil of H. suaveolens (20 μL) was incorporated in a 
Stomacher bag containing 50 g of fresh ground meat; a second bag 
containing only ground meat was used as control. The samples 
were stored in the refrigerator at 4°C for 7 days. Microbiological 
analysis was carried out on the 1st, 4th and 7th day on ground meat 
treated with the essential oil and on the control. Enumeration 
included total mesophilic aerobic bacteria (TMAB), total coliforms 
(TC) and thermotolerant coliforms (TTC).  

For all the determinations, 10 g of the samples were 
homogenized in a stomacher (Stomacher 400) with 90 mL of sterile 
peptone buffered water (Liofilchem, Italy). Tenfold serial dilution 
was prepared and spread-plated for microorganisms count. 1 mL of 
each dilution was used for spreading.  

Aerobic mesophilic bacteria (AMB) were enumerated on pour 
plates of Plate Count Agar (Liofilchem, Italy) incubated at 30°C for 
72 h (ISO 4833, 2003). Coliforms were enumerated on Eosin Blue 
Methylene Agar (Liofilchem, Italy), incubated at 37°C (Total 
coliforms) or 44°C (thermotolerant coliforms) for 24 h according to 
ISO 4832 (2006) and AFNOR NF V 08-060 (2009) respectively. 
 
 
Statistical analysis 
 

The data were collected on Excel and analyzed using XLSTAT 
software version 7.5.2. Variance analysis (ANOVA) was used and 
Fisher's Least Significant Difference (LSD) was used for 
comparisons of means in case of significant difference. The 
difference between means was significant when p value < 0.05. The 
values were estimated with a 95% confidence interval. 

 
 

RESULTS AND DISCUSSION  
 

Characteristics of essential oil 
 

Yield and organoleptic characteristics of essential oil 
from H. suaveolens 
 

The essential oil yield from Hyptis suaveolens leaves was 
0.215 ± 0.002%. This yield corroborates with that 
obtained by Ngom et al., (2014) in Senegal which was 
0.22%. In Benin, Adjou and Soumanou (2013) obtained 
similar results (0.23 ± 0.02%). On the other hand, the 
yield obtained is lower than those obtained by Ilboudo 
(2009) and Goly et al., (2015) which were respectively 
0.23 and 0.34 ± 0.02%. Differences in yield could be 
explained by several factors such as geographical origin, 
ecological   climatic   factors   such   as  temperature  and 

humidity, soil type, plant organ, stage of growth, period of 
harvesting, conservation of plant material, extraction time 
and drying time (Marzoukia et al., 2009, Aprotosoaie et 
al., 2010). 

The organoleptic characteristics of the essential oil 
have been presented in Table 1. The essential oil of 
Hyptis suaveolens was light yellow, its appearance was 
fluid, limpid, very transparent and very bright with a very 
strong, aromatic, minty and characteristic smell of the 
plant. The color of essential oil is different of that 
obtained by Ngom et al., (2014) which was light green. 
 
 
Biological properties of essential oil from H. 
suaveolens 
 
Antioxidant activity  
 

Capacity of inhibition of the radical DPPH: Antioxidant 
activity was determined and compared to that of the 
reference antioxidants (ascorbic acid, BHT and 
quercetin). Figure 1 shows the variation of the percentage 
of inhibition as a function of the quantity of essential oil 
and standards. 

The increase in the percentage of inhibition of the free 
radical was directly proportional to the increase in the 
quantity of essential oil and standards. Statistical analysis 
showed a significant difference (p <0.0001) between 
percent inhibition of essential oil and standards. 
For each of the essential oil and the standards, the 
concentration needed to reduce the DPPH free radical by 
50% was determined from the linear regression 
equations. The 50% inhibitory concentrations (IC 50) were 
presented in Table 2. 

For the essential oil from H. suaveolens, its antioxidant 
activity was higher than that of ascorbic acid (0.005 M), 
but was lower than that of BHT (0.05 M) and quercetin 
(0.05 M). Indeed, the IC50 of H. suaveolens was 16.367 ± 
0.074 μL whereas with ascorbic acid, BHT and quercetin, 
the IC50 was respectively 22.098 ± 0.128, 13.013 ± 0.053 
and 12.142 ± 0.234 μL. 
 

Reducing power of essential oil of H. suaveolens: 
The reducing power of essential oils was evaluated using 
the FRAP method. The diagram showing the variation of 
the reducing power as a function of the quantity of 
essential oils and the standard (Ascorbic acid) are 
recorded in Figure 2. 

The results obtained by the FRAP test show that the 
reduction  of  ferric  ions  was  related  to  the   amount  of
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Figure 1.  DPPH radical scavenging power. 

 
 
 
Table 2. Inhibitory concentrations at 50% of the essential oil of H. suaveolens. 
 

Essential oil and standards Regression equation R
2
 IC50 (µL) 

H. suaveolens Y = 2.2789x + 12.698 0.9894 16.367 ± 0.074 

 Ascorbic acid (0.005 M) Y = 1.7179x + 12.080 0.9894 22.098 ± 0.128 

Quercetin (0.05 M) Y = 2.9372x + 14.316 0.9967 12.142 ± 0.234 

BHT (0.05 M) Y = 2.083x + 22.891 0.9908 13.013 ± 0.053 

 
 
 

 
 

Figure 2. Reducing power of essential oil and ascorbic acid. 

 
 
 
essential oils and that the ability of H. suaveolens 
essential oils to reduce iron was lower than that of 
ascorbic acid.  
The evaluation of the antioxidant activity by the DPPH 
technique and that of FRAP revealed that the essential oil 

of H. suaveolens has antioxidant properties. Previous 
studies have shown that oxygenated monoterpenes such 
as thymol, carvacrol and α-terpineol are mainly 
responsible for the antioxidant potential of their essential 
oils  (Bicas  et  al.,   2011).   Monoterpenes   such   as  β-
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Table 3. Average diameters of inhibition of the essential oil of H. suaveolens. 
 

Bacterial strain Diameters of inhibition (mm) Sensitivity of strains 

Shigella dysenteria 43.667 ± 1.732
a
 Extremely sensitive 

Staphylococcus aureus ATCC25923 36.167 ± 2.055
b
 Extremely sensitive 

Salmonella paratyphi 18.833 ± 1.434
c
 Very sensitive 

Listeria monocytogenes 18.167 ± 2.718
cd

 Very sensitive 

Bacillus cereus 18.000 ± 1.780
cde

 Very sensitive 

Escherichia coli ATCC8739 14.333 ± 1.247
def

 Sensitive 

Clostridium perfringens 14.167 ± 1.027
def

 Sensitive 

Salmonella typhi 13.500 ± 2.273
f
 Sensitive 

Pseudomonas aeruginosa ATCC9027 12.833 ± 1.546
f
 Sensitive 

   

Fungal strains   

Aspergillus niger 13.667 ± 1.434
ef
 Sensitive 

Candida albicans 10.667 ± 0.471
f
 Sensitive 

 

Values with the same superscript letters are not significantly different (p<0.05). 

 
 
 
caryophyllene, also has free radical scavenging activity 
using the DPPH test (Dar et al., 2011). Oxygen-rich 
essential oils have a stronger anti-radical activity 
compared to hydrocarbon terpenes. This could explain 
the moderate antioxidant activity of the essential oil of H. 
suaveolens (Miladi et al., 2013).  

 
 

Antimicrobial activity 
 
Inhibiting capacity of essential oil of H. suaveolens: 
The well diffusion method highlights the antimicrobial 
capacity of the essential oils against nine bacterial strains 
and two fungal strains. The average inhibition diameters 
obtained are mentioned in Table 3. 

Table 3 shows that the essential oils studied have 
antimicrobial activity. The importance of the action of 
each essential oil varied according to the microorganism 
tested. 

The essential oil of H. suaveolens showed antimicrobial 
activity on the strains tested. The largest diameter was 
obtained with Shigella dysenteria (43.667 mm) followed 
by Staphylococcus aureus (36.167 mm) and the smallest 
diameter with Candida albicans (10.667 mm). The 
sensitivity of H. suaveolens essential oil was not related 
to bacteria nature. S. aureus (Gram positive) and S. 
dysenteria (Gram negative) were more sensitive to the 
essential oil. This activity of the essential oil of H. 
suaveolens could be explained by its chemical advantage 
(Ngom et al., 2014). 

The antimicrobial activity could be explained by the 
presence of phenolic hydroxyl compounds by forming 
hydrogen bonds with the active sites of the targeted cell 
enzymes (Derwich et al., 2010). The factors determining 
the activity of essential oils are the chemical composition, 
the functional groups present in  active  components  and  

their synergistic interactions (Chouhan et al., 2015). 
 
Minimum inhibitory concentrations of essential oil of 
H. suaveolens: The results of the determination of 
minimum inhibitory (MIC), bactericidal (MBC) and 
fungicidal (MFC) concentrations are shown in Table 4. 

Minimum inhibitory concentrations (MIC) ranged from 
0.203 to 2.083%. The highest MIC was obtained with E. 
coli and the lowest MIC with S. paratyphi. Minimum 
bactericidal concentrations (MBCs) ranged from 0.625 to 
5%. The largest MBC was obtained with Staphylococcus 
aureus (5.000±0.049%) and C. albicans (5.000±0.045 %) 
and the lowest with C. perfringens (0.625±0.021%). 
 
 
Ratio MBC/MIC and MFC/MIC of essential oil from H. 
suaveolens 
 
The results of the MBC/MIC and MFC/MIC report are 
presented in Table 5.The essential oil of Hyptis 
suaveolens had bactericidal activity on E. coli, S. typhi, S. 
dysenteria, B. cereus, P. aeruginosa, L. monocytogenes 
and C. perfringens. It had Bacteriostatic on S. paratyphi 
and S. aureus. Its effect was fungicidal on A. niger and 
fungistatic on C. albicans. 
 
 
Effect of essential oil on prolonging shelf-life of food 
matrix  
 
Initial microbial load of ground meat 
 
Prior to the incorporation of the essential oil (EO) on 
ground meat (GM) for conservation testing, the initial 
microbial load of this meat was assessed by counting the 
total  aerobic  mesophilic  flora,  total  and thermotolerant  
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Table 4. MIC, MBC and MFC of the essential oil of H. suaveolens. 
 

Bacterial strains MIC MBC 

Escherichia coli  ATCC8739 2.083±0.189
a
 2.167 ±0.302

b
 

Salmonella  paratyphi 0.203±0.074
e
 2.500 ±0.224

b
 

Salmonella typhi 0.625±0.000
cde

 2.500 ± 0.072 
b
 

Shigella  dysenteria 0.521±0.048
de

 1.250±0.044
cd

 

Bacillus cereus 1.042±0.012
bc

 4.167±0.039
a
 

Pseudomona aeruginosa ATCC9027 0.625±0.189
cde

 1.042±0.081
cd

 

Staphylococcus  aureus ATCC25923 0.833±0.121
bcd

 5.000±0.049
a
 

Listeria monocytogenes 0.521±0.140
de

 1.250±0.053
cd

 

Clostridium perfringens 0.625±0.032
cde

 0.625±0.021
d
 

   

Fungal strains MIC MFC 

Candida  albicans 1.250±0.000
b
 5.000±0.045

a
 

Aspergillus niger 1.042±0.113
bc

 1.667±0.062
bc

 
 

Values in the same column with the same superscript letters are not significantly different (p <0.05).  
 
 
 

Table 5. MBC/MIC and CMF/MIC ratio of essential oil H. suaveolens. 
 

Bacterial strains MBC/MIC Sensitivity of strains 

Escherichia coli ATCC8739 1 Bactericidal 

Salmonella paratyphi 12 Bacteriostatic 

Salmonella typhi 4 Bactericidal 

Shigella dysenteria 2 Bactericidal 

Pseudomonas aeruginosa ATCC9027 1 Bactericidal 

Bacillus cereus 4 Bactericidal 

Staphylococcus aureus ATCC25923 6 Bacteriostatic 

Listeria monocytogenes 2 Bactericidal 

Clostridium perfringens 1 Bactericidal 
   

Fungal strains MFC/MIC  

Candida albicans 6 fungistatic 

Aspergillus niger 1 Fungicidal 
 
 
 

coliforms. Figure 3 shows the initial microbial flora of 
minced meat before storage. 

The Initial microbial load of ground meat was found to 
be 7.0×10

4
 CFU/g for total aerobic mesophilic bacteria, 

1.0×10
4
 CFU/g for total coliforms and 5.0×10

2
 CFU/g for 

thermotolerant coliforms.  
The high number of total initial aerobic mesophilic 

bacteria (TMAB) indicates that the meat was of poor 
microbiological quality, which could influence its shelf life. 
The presence of coliforms indicates recent fecal 
contamination that may be explained by the lack of good 
hygiene practices throughout the meat production chain. 
 
 
Effect of essential oil on total mesophilic aerobic 
bacteria  
 
The evolution of total mesophilic aerobic bacteria (TMAB)  

was followed in untreated minced meat (control) as well 
as in that incorporated with essential oils. The results 
obtained were recorded in Figure 4. 

Figure 4 shows the evolution of TMAB during 
conservation. Thus, on Day 1, the microbial load was 
8.3×10

4
 CFU/g for untreated ground meat, 3×10

4
 CFU/g 

for the ground meat (GM) + essential oil (EO) of H. 
suaveolens. On day 7, the microbial load was 2×10

5
 

CFU/g for untreated ground meat and 7.3×10
4
UFC/g for 

the GM + EO of H. suaveolens. Statistical analysis 
showed a significant difference with p value<0.0001. An 
increase in microbial load was noted during storage. This 
increase was much greater in untreated minced meat 
than in that incorporated with the essential oil. The 
reduction of microorganisms concentration (42%) in 
ground meat containing the essential oil could be 
explained by the inhibitory effect of this essential oil. The 
increase  of  microbial  load  in  meat   incorporated   with  
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Figure 3. Initial microbial flora of bovine ground meat. TMAB: Total mesophilic 
aerobic bacteria; TC: Total coliforms; TTC: Thermotolerant coliforms.   

 
 
 

 
 

Figure 4. Evolution of TMAB loads during conservation. GM: Ground meat; GM+EO: 
Ground meat + essential oil.   

 
 
 
essential oils could be related to the bacteriostatic effect 
of these essential oils on certain bacterial strains and the 
loss of bioactive molecules properties during storage. 
Meat and meat products can have a high fat content and 
rich source of protein, minerals, and vitamins. This 
structure reduces the effect of essential oils against 
bacteria (Hernandez et al., 2011; Seda and Nukhet, 
2016). 
 
 
Effect of essential oil on total coliform 
 
The evolution of total coliforms concentration in untreated 
ground meat and in that incorporated with this essential 
oil is recorded in Figure 5. 

The total coliform count at Day1 was 1.5×10
4
UFC/g for 

untreated minced meat and 1.3×10
4
 CFU/g for the GM + 

EO of  H.  suaveolens.  After  seven days of storage (Day 

7), the numbers were 7.4×10
4
 CFU/g for untreated 

minced meat and 8.0×10
3
 CFU/g for GM + EO from H. 

suaveolens. Statistical analysis showed a significant 
difference (p < 0.0001). 

An increase in total coliforms during storage was 
observed in untreated ground meat. In the meat 
supplemented with essential oil, there was a regression 
(80%) of the bacterial load, which reflects an important 
antibacterial activity of the essential oil of H. suaveolens. 
 
 
Effect of the essential oil on the evolution of the 
thermotolerant coliforms load 
 
The evolution of the number of thermotolerant coliforms 
during refrigeration is presented in Figure 6. 

For the evolution of fecal coliforms, the microbial count 
varied  from  7.3×10

3 
 CFU/g  (Day 1)  to 1.24×10

4
 CFU/g
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Figure 5. Evolution of total coliform loads during conservation. GM: Ground meat; 
GM+EO: Ground meat + essential oil.   

 
 
 

 
 

Figure 6. Evolution of thermo tolerant coliform loads during conservation. GM: Ground 
meat; GM+EO: Ground meat + essential oil.   

 
 
 
(Day 7) for untreated ground meat. This number varied 
from 6.0×10

2
UFC/g (Day 1) to 1.0×10

2 
CFU/g (Day 7) for 

the GM+ EO of H. suaveolens. Statistical analysis 
showed a significant difference with p value < 0.0001. 

Unlike untreated minced meat, there was a 
considerable reduction (84%) in the number of 
thermotolerant coliforms in minced meat incorporated 
with essential oils during storage. The almost complete 
inhibition (98%) of the number of thermotolerant coliforms 
could be explained by the bactericidal effect of these 
essential oils on E. coli. The presence of germs in the 
meat incorporated with essential oil could be explained 
by the presence of total coliforms. The results of the 
conservation tests confirm those of the antimicrobial 
activity observed previously by this essential oil. The 
results corroborate  with  several  works  that  have  dealt 

with the application of essential oils to foods in order to 
reduce the microbial count as compared to control 
(Smaoui et al., 2016). Thus, the studies of Caillet and 
Lacroix (2007) showed that the incorporation of the 
essential oil in ground beef contributed to the 
improvement of microbiological quality and the reduction 
of fat oxidation beyond its normal storage life.  
 
 
Conclusion 
 

The present work aimed to evaluate biological properties 
of essential oil of H. suaveolens and its effect on shelf-life 
of bovine ground meat. The essential oil from H. 
suaveolens showed inhibitory activity on microbial 
strains.  Biopreservation   assay   revealed   a   significant  



 

 
 
 
 
decrease of microbial charge during conservation time. 

The results obtained in the present study show that the 
essential oil from H. suaveolens could be used as a 
promising bioconservative agent for the food industry that 
can prevent oxidation and reduce microbial spoilage. 
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Anthracnose (Colletotrichum lindemuthianum), Angular leaf spot (Pseudocercospora griseola) and 
Pythium root rot are important pathogens affecting common bean production in the tropics. A 
promising strategy to manage these diseases consists of combining several resistance (R) genes into 
one cultivar. The aim of the study was to determine genetic linkage between gene pairs, Co-4

2
/Phg-2, on 

bean-chromosome Pv08 and Co-5/“P.ult” on-chromosome Pv07, to increase the efficiency of dual 
selection of resistance genes for major bean diseases, with molecular markers. The level of 
recombination was determined by tracking molecular markers for  both BC3F6 and F2 generations. 
Recombination fraction r, among gene pairs, the likelihood of linkage, L(r), and logarithm of odds (LOD) 
scores were computed using the statistical relationship of likelihood which assumes a binomial 
distribution. The SCAR marker pair SAB3/PYAA19 for the gene pair Co-5/“P.ult” exhibited moderate 
linkage (r = 32 cM with a high LOD score of 9.2) for BC3F6 population, but relatively stronger linkage for 
the F2 population (r = 21 cM with a high LOD score of 18.7). However, the linkage among SCAR marker 
pair SH18/SN02, for the gene pair Co-4

2
/Phg-2 was incomplete for BC3F6 population (r = 47 cM with a low 

LOD score of 0.16) as well as F2 population (r = 44 cM with a low LOD score of 0.7). Generally, the weak 
or incomplete genetic linkage between marker pairs studied showed that all the four genes mentioned 
earlier have to be tagged with a corresponding linked marker during selection. The approaches used in 
this study will contribute to two loci linkage mapping techniques in segregating plant populations. 
 
Key words: Genetic linkage, recombination, likelihood, logarithm of odds (LOD) score, sequence characterized 
amplified regions (SCAR) markers, genes. 

 
 
INTRODUCTION 
 
Diseases are critical production constraints for common 
beans in tropical countries, causing total crop failure 
when several pathogens attack susceptible bean 
genotypes   under   favorable   conditions  (Schwartz  and  

Galvez, 1980; Mahuku et al., 2011). Management of 
diseases at farm level in short and long term is practical, 
through genetic control by incorporating resistant alleles 
for  different  pathogens  into  selected   cultivars  through 
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marker assisted gene pyramiding techniques (Young and 
Kelly, 1996; Malav et al., 2016).  

Marker assisted breeding strategies for pyramiding 
genes requires information on marker co-transmissions 
(Mahuku et al., 2011; 
http://www.extension.org/pages/32465/gene-pyramiding-
using-molecularmarkers#.ViTJovlViko). Molecular 
markers and genetic maps accelerate identification of 
desirable homozygotes without need for progeny tests 
(Pathania et al., 2014).  

Genetic maps and markers of major disease of beans 
are reported for bean breeding (Kelly et al., 2003; 
Oblessuc et al., 2013; Perseguini et al., 2016) and in the 
Phaseolus Genes database 
(http://phaseolusgenes.bioinformatics.ucdavis.edu/; Miller 
et al., 2018) and may be utilised in gene pyramiding.  

Generating breeding information on linkages of 
sequence characterized amplified region (SCAR) marker 
pairs and their co-segregations could help to reduce 
sample sizes and time during marker assisted pyramiding 
(stacking together) of major genes in breeding programs 
for managing multiple diseases of common bean.  

Practically, a polymorphic marker must co-segregate 
with the gene of interest and so be present in the 
resistant progeny lines but absent in susceptible ones 
(Miller et al., 2018). Once linkage is established between 
markers, the chromosomal region flanking the marker 
can then be analyzed for alternative markers.  

Genetic linkage is the tendency of genes that are 
located proximally to each other on a chromosome to be 
inherited together during meiosis and can therefore be 
used as a tool for estimating the genetic distance 
between two loci (Ott et al., 2015). Two statistical 
approaches, termed parametric and nonparametric 
linkage analysis have been used to test, linkage analysis 
or observed recombination between two loci and is 
detailed by Bailey-Wilson and Wilson (2011).  

Parametric linkage analysis was applied in this study 
and its test statistic is called the logarithm of odds (LOD) 
score (Balding et al., 2007; Strachan and Read, 2011). A 
LOD score higher than 3.0 is generally accepted as the 
evidence supporting linkage, whereas a LOD score lower 
than -2.0 is considered evidence against linkage (Ott et 
al., 2015).  

LOD score analysis is a simple way to determine the 
linkage between Mendelian traits (or between a trait and 
a marker, or two markers). On the other hand, the 
nonparametric linkage analysis is a model-free approach 
that studies the probability of an allele being identical by 
descent. Balding et al. (2007) and Strachan and Read 
(2011) describe the LOD score method in greater detail. 
Briefly, it works as follows: estimates of recombinant and 
non-recombinant fraction is made, the  overall  likelihood,  

 
 
 
 
given linkage and  the likelihood, given no linkage and a 
LOD score is calculated for each estimate of 
recombination fraction. 

The recombination fraction estimate with the highest 
LOD score is considered the best estimate. The two-point 
LOD score between two loci, that is, a trait and a marker 
or marker-marker loci in this study was typically 
calculated over several recombination fractions between 
0 and 1/2, and the recombination fraction that maximizes 
the likelihood (the maximum LOD score) is considered to 
be the best estimate of the recombination fraction 
(Bailey-Wilson and Wilson, 2011).  

For most occurrences of crossing-over, genes located 
at close physical postion are co-inherited due to linkage, 
while genes far apart tend to segregate independently 
(Ott et al., 2015). Genetic recombination through 
chromosomal cross-over after hybridization produces 
new haplotypes during meiosis through inter-
chromosomal genetic material exchange and plays a 
critical role in the evolution of organisms (Coop and 
Przeworski, 2007).  

Estimates of recombination rates are traditionally 
obtained by directly counting the number of such events 
during meiosis (Kaplan and Hudson, 1985). This 
approach is however, limited by the extremely low 
fraction of recombinations between tightly linked genes 
(Gao et al., 2016). Two loci that are far apart on the 
chromosome have a high probability of recombination in 
any meiosis, such that they assort independently to 
offspring (Bailey-Wilson and Wilson, 2011). While, loci 
that are very far apart experience recombination about 
50% of the time, and thus appear to be assorting 
independently, just as loci on different chromosomes do. 
Probability refers to knowing parameters (measurable 
characteristic of a system) and being able to predict their 
outcomes, while Likelihood is a synonym for probability 
where observed data is used to estimate parameters 
(Edwards, 1972). The likelihood ratio test that is the basis 
of modern parametric likelihood ratio tests for linkage 
(Bailey-Wilson and Wilson, 2011) likelihood ratio test that 
is the basis of modern parametric likelihood ratio tests for 
linkage (Bailey-Wilson and Wilson, 2011). In this study, 
the likelihood hypothesing linkage was compared to a 
hypothesis of no linkage with some specific recombination 
fraction (r < 1/2). 

At data analysis levels, observations are already 
completed, the data is fixed and there is no probabilistic 
part of the data anymore (Edwards, 1972). Likelihood of 
the model parameters that underlie the fixed data would 
then be of most interest. Maximum likelihood estimation 
(MLE) thus aims to find the parameter value(s) that 
makes the observed data most likely (Staub et al., 1996; 
Toomet and Henningsen, 2009). 
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Figure 1. Simultaneous gene pyramiding scheme developed and used via MAS. 
 
 
 

This study aimed at estimating recombination frequencies 
and genetic linkage between gene pairs, Co-4

2
/Phg-2 on 

bean chromosome Pv08 and Co-5/“P.ult” on chromosome 
Pv07.  

In the study, the gene symbol “P.ult” is for Pythium 
ultimum root rot resistance gene linked to (SCAR) marker 
PYAA19 developed by Mahuku et al. (2007) for selecting 
bean lines resistant to several species of Pythium root rot 
in common bean. According to the developers of the 
SCAR marker, the linked gene symbol is Pyult1. The 
gene symbol for root rot disease used in this study is 
“P.ult”, shortened from the targeted pathogen’s genus 
(Pythium) and species (ultimum) names. The gene 
symbol (“P.ult”) was thus put between quotation marks 
within the text and not italicised, unlike the other genes in 
this study (that is, Co-4

2
 , Phg-2 and Co-5) because it is 

not an official genetic symbol in common beans. 
The findings will contribute to the efficiency of marker 

assisted pyramiding of disease resistance genes in 
common bean leading to simultaneous expression of 
more than one gene in a variety to develop durable 
resistance expression (Malav et al., 2016). 
 
 
MATERIALS AND METHODS 
 
Population development 
 
Two segregating bean populations: BC3F6 and F2 were developed 
for this study and are described as follows. In the start, a BC3F5 
population previously developed at CIAT of Kawanda 
(Uganda) to combine six disease resistance genes of common 
bean, namely Co-42, Co-5, Phg-2, “P.ult”, I and bc-3 (Figure 1) 
formed the genetic material for this study.  

The BC3F5 population was planted in the fields at CIAT, Kawanda in 
2015 to advance it to BC3F6 population from which DNA of 345 
plants was collected and genotyped with SCAR markers in the 
molecular laboratory facility at CIAT, Kawanda as detailed 
subsequently. Bean plants with single dorminant genes 
(specifically, Co-42, Co-5, Phg-2, “P.ult”) were identified among the 
345 plants of BC3F6 population using genotypic electrophoresis gel 
profiles, harvested and seed used as parents to develop new 
crosses and populations (Figure 2) in the screen house facility at 
CIAT, Kawanda. 

Five representative plants from progenies of the BC3F6 
population with single genes were planted in 5 litre's plastic pots 
with sterile soils, labelled  and monitored with daily watering until 
flowering and crosses made through hand pollinations to generate 
two F1 populations between respective plants with targeted single 
genes (Co-42 x Phg-2 – population 1 and Co-5 x “P.ult” – population 
2). The F1 seeds from the two populations were harvested 
separatelty dried and planted in the screen house in the second 
season in 2015 to generate two populations of F2 plants which 
were monitored until maturity and harvested. The F2 seeds were 
planted in the screen house in sterile soils in raised wooden trays 
measuring 75 cm long × 45 cm wide and height of 13 cm during the 
third season to generate plants for DNA extraction.  
 
 
DNA extraction 
 
The genomic DNA from 345 plants from BC3F6 population in the 
field was collected from young leaves before flowering in eppendorf 
tubes, clearly labelled and transferred to the laboratory for 
extraction. DNA of each plant was isolated in the molecular 
laboratory facility at CIAT, Uganda, using the CTAB method 
according to Mahuku (2004), and kept in Eppendorf tubes at -20°C 
for further analyses.  

The two F2 populations having 219 plants targeting genes; Co-42 

x Phg-2 – population 1 and 236 plants targeting Co-5 x “P.ult” - 
population 2 were planted in trays in the screen house and DNA 
was  extracted from  seedlings  at  the  second  trifoliate  stage. The
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Figure 2. Scheme used to develop populations for testing linkage among genes 
physically located on bean chromosomes eight and seven. 

 
 
 
DNA was extracted using the Whatman FTA card technology 
according to Chilagane et al., (2013). The leaf sample was placed 
over the marked area of the FTA Plant Saver card and the leaf was 
overlaid with parafilm. The leaf was pounded using a pestle, making 
sure that the leaf material was transferred to the paper by checking 
the back of the FTA card.  

The samples were left to air dry and later transferred to the 
laboratory. The Harris 2 mm unicore punch, was used to cut the 
samples from the FTA cards with the assistance of the cutting mat 
and placed into the PCR tube and then washed twice using 200 ml 
of FTA purification reagent followed by 200 ml of 1X TE buffer (10 
mM Tris HCl, 0.1 mM EDTA, pH 8.0) and the sample left to 
incubate at room temperature for about 10 min in each wash, then 
the leaf disks were left to dry and ready for PCR reaction. 

 
 
Polymerase chain reaction (PCR) and electrophoresis 

 
DNA samples for amplification through PCR were diluted to a factor 
of 1 in 30 µl solution and sorted out according to the field plan. The 
PCR reaction mix contained 5 µl of the Accu-Power PCR premix 
composed of DNA polymerase, dNTPs, reaction buffer, blue 
tracking dye and patented stabiliser. One microlitre of DNA for 
plants from BC3F6 population and leaf disk for the two F2 
populations, 0.3 µl of forward and reverse primer, and 3.4 µl water 
was added to the premix to make a total reaction volume of 10 µl. 
The test sample tubes were placed in a thermocycler (MyGenie, 
Daejeon) for the PCR reaction cycles. Forward (F) and Reverse (R) 
primers of SCAR marker SBB14 (F-GTGGGACCTGTT-
CAAGAATAATAC, R-GTGGGACCTGGGTAGTGTAGAAAT) was 
used to tag common bean lines with the Co-42 gene, SN02 (F-
ACCAGGGGCATTATGAACAG, R-ACCAGGGGCAACATACTATG) 
for the Phg-2 gene, PYAA19 (F-TTAGGCATGTTAATT-
CACGTTGG, R-TGAGGCGTGTAAGGTCAGAG) for “P.ult” and 
SAB3 (F-TGGCGCACACATAAGTTCTCACGG, R-
TGGCGCACACCATCAAAAAAGGTT) for Co-5. The PCR products 
of markers used were separated on 1.2% agarose gel in 1X TBE at 
140V for 30 min. The gel was then stained in 0.5ug/mL ethidium 
bromide for 20 min and the image was captured using the Syngene 
G: BOX gel documentation system (Syngene, Fredrick, MD). 

 
 
Data analysis 

 
Marker scoring and establishing number of recombinants  

 
The SCAR marker frequencies (SH18 for  Co-42,  SN02  for  Phg-2, 

SAB3 for Co-5 and PYAA19 for “P.ult”) were computed for BC3F6 

and F2 bean populations to determine the number of recombinants 
and for further linkage analysis. This involved scoring polymorphic 
bands observed on electrophoresis gel pictures for each genotype 
using one for presence and zero for absence of bands. 
Recombinant genotypes were identified by counting band patterns 
in gel pictures in both BC3F6 and F2 populations.  
 
 

Recombinants, LOD score and likelihood ratio analysis 
 

The methods for estimating LOD score, likelihoods and 
recombination value were previously described by Geffroy et al., 
(2008). Recombination fraction, r, among gene pairs, the likelihood 
L(r) and LOD scores were generated using the following statistical 
relationship, assuming a binomial distribution of data in MS office 
Excel. 
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where N = total plants genotyped and R = number of recombinants. 
The likelihood, L(r) of obtaining the aforenetioned data set for 
recombination rates was computed using the following 
relationships, for example using data from BC3F6 population.  
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The LOD (log-odds) score is often used to assess the evidence for 
linkage and according to Balding et al. (2007) is defined by the 
formula: 
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Table 1. Likelihoods (r) and LOD scores for testing linkage of Co-42/Phg-2 and Co-5/“P.ult” from BC3F6. 
 

Loci r r
R
 1-r (1-r)

N-R
 L_(r) Lr/L(r=1/2) LOD score [Log10(Lr/L(r=1/2))] 

Co-4
2
/Phg-2 

 
(R=162) 

 
(N-R=183) 

   

 
0.05 1.71E-211 0.95 8.38E-05 2.33E-113 1.03E-111 -111.00 

 
0.10 1.00E-162 0.90 4.23E-09 6.88E-69 3.03E-67 -66.52 

 
0.15 3.36E-134 0.85 1.21E-13 6.63E-45 2.92E-43 -42.53 

 
0.20 5.85E-114 0.80 1.84E-18 1.75E-29 7.72E-28 -27.11 

 
0.25 2.93E-98 0.75 1.37E-23 6.51E-19 2.87E-17 -16.54 

 
0.30 1.97E-85 0.70 4.50E-29 1.44E-11 6.33E-10 -9.20 

 
0.35 1.38E-74 0.65 5.80E-35 1.30E-06 5.72E-05 -4.24 

 
0.40 3.42E-65 0.60 2.52E-41 0.0014 0.062 -1.21 

 
0.45 6.61E-57 0.55 3.06E-48 0.033 1.45 0.16 

 
0.50 1.71E-49 0.50 8.16E-56 0.023 1.00 -1.24E-10 

        

Co-5/“P.ult” 
 

(R=112) 
 

(N-R=233) 
   

 
0.05 1.93E-146 0.95 6.45E-06 1.57E-58 8.90E-48 -47.05 

 
0.10 1.00E-112 0.90 2.18E-11 2.76E-30 1.56E-19 -18.81 

 
0.15 5.28E-93 0.85 3.60E-17 2.40E-16 1.36E-05 -4.868 

 
0.20 5.19E-79 0.80 2.63E-23 1.73E-08 9.79E+02 3.00 

 
0.25 3.71E-68 0.75 7.75E-30 0.0004 2.06E+07 7.31 

 
0.30 2.74E-59 0.70 8.10E-37 0.02 1.59E+09 9.20 

 
0.35 8.62E-52 0.65 2.56E-44 0.02 1.58E+09 9.20 

 
0.40 2.70E-45 0.60 2.04E-52 0.0007 3.94E+07 7.60 

 
0.45 1.44E-39 0.55 3.20E-61 5.84E-07 3.31E+04 4.52 

 
0.50 1.93E-34 0.50 7.24E-71 1.76E-11 1.00E+00 2.08E-07 

 
 
 
where r = recombination fraction. L(data І r) = likelihood value at 
maximum estimate (MLE), while L(data І r = ½) = likelihood value at 
maximum recombination fraction of 0.5.   

The two-point LOD score between two loci, that is, marker-
marker loci was calculated over several recombination fractions 
between 0 and 1/2, and the recombination fraction that maximizes 
the likelihood (the maximum LOD score) was considered to be the 
best estimate of the recombination fraction (Bailey-Wilson and 
Wilson, 2011).  

 
 
RESULTS 

 
Recombinants, likelihood and LOD scores in BC3F6 
population 

 
The results of likelihoods (r) and LOD scores for testing 
linkage among gene pairs, Co-4

2
/Phg-2 and Co-5/“P.ult” 

from bean populations at BC3F6 generation are shown in 
Table 1. For gene pairs, Co-4

2
/Phg-2, 162 genotypes 

were recombinants (having two genes, Co-4
2
/Phg-2) and 

the rest of the genotypes (n= 183) were non-
recombinants (Table 1). Similarly, for gene pairs, 
Co5/“P.ult”, 112 genotypes were recombinants and 233 
non-recombinants.  

Graphics of likelihood, recombination rates and LOD 
score in BC3F6 population 
 

The graphical presentation of likelihood (r) and maximum 
recombination rates at 0.47 (the maximum likelihood 
estimate (MLE)) extracted from Table 1 for gene pairs 
Co-4

2
/Phg-2 are as shown in Figure 3 and 4. Similarly, 

the graph of the plot between LOD score from Table 1 
and recombination rates ranging from 0 to 0.5 had the 
same pattern (Figure 4), suggesting that the 
recombination fraction between Co-4

2
/Phg-2 was 0.47 

showing weak linkage. However, the graph of the plot of 
likelihood (r) and recombination rates was maximum at 
0.32 for gene pairs Co-5 and “P.ult” (Figure 5). Similarly, 
the graph of LOD score and recombination rates (Figure 
6) had the same pattern, suggesting that the 
recombination fraction between Co-5 and “P.ult” was 0.32 
showing a stronger linkage.  
 
 

Recombinants, likelihood and LOD scores in F2 
populations 
 
The results of likelihoods (r) and LOD scores for testing 
linkage  among  gene pairs, Co-4

2
/Phg-2 and Co-5/“P.ult” 
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Figure 3. Plot of Likelihood (r) against Recombination rates, showing maximum 
likelihood estimate (MLE) of recombination fraction at 0.47, so that is the best estimate 
of linkage for gene pairs Co-42/Phg-2 on bean chromosome Pv08, using BC3F6 
population. 

 
 
 

 
 

Figure 4. Plot of LOD scores against Recombination rates, LOD is maximum 
around, r = 0.47, so that is the best estimate of linkage for gene pairs Co-42/Phg-2 
on bean chromosome Pv08, using BC3F6 population. 

 
 
 
from bean populations at F2 generation are shown in 
Table 2. For gene pairs, Co-4

2
/Phg-2, 96 genotypes were 

recombinants (having two genes, Co-4
2
/Phg-2) and the 

rest of the genotypes (n= 123) were non-recombinants 
(Table 2). Similarly, for gene pairs, Co-5/“P.ult”, 49 
genotypes were recombinants and 187 non-recombinants.  

Graphics of likelihood, recombination rates and LOD 
score in F2 populations 
 

The graphical presentation of likelihood (r) and maximum 
recombination rates of 0.44 (the maximum likelihood 
estimate (MLE)) from Table 2, for gene pairs Co-4

2
/Phg-2  
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Figure 5. Plot of Likelihood (r) against Recombination rates, showing 
maximum likelihood estimate (MLE) of recombination fraction at 0.32, so that 
is the best estimate of linkage for gene pairs Co-5/ “P.ult” on bean 
chromosome Pv07, using BC3F6 population. 

 
 
 

 
 

Figure 6. Plot of LOD scores against Recombination rates, LOD is maximum 
around, r = 0.32, so that is the best estimate of linkage for gene pairs Co-5/ 
“P.ult” on bean chromosome Pv07, using BC3F6 population. 

 
 
 
is as shown in Figures 7 and 8. Similarly, the graph of the 
plot between LOD score from Table 2 and recombination 
rates ranging from 0 to 0.5 had the same pattern (Figure 
8), suggesting that the recombination fraction between 
Co-4

2
/Phg-2 was 0.44, showing weak linkage. However, 

the graph of the plot of likelihood (r) and recombination 
rates was maximum at 0.21 for gene pairs Co-5 and 
“P.ult” (Figure 9). Similarly, the graph of LOD score and 
recombination rates (Figure 10)   had  the  same  pattern, 

suggesting that the recombination fraction between Co-5 
and “P.ult” was 0.21 showing a stronger linkage.  
 
 
Testing linkage using log-likelihood statistic 
 
The summary of recombination fraction and likelihood 
data is shown in Table 3 and was used to test the 
significance   of   linkages   through   comparison   of  log-  
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Table 2. Likelihoods (r) and LOD scores for testing linkage of Co-42/Phg-2 and Co-5/“P.ult” from F2 populations. 
 

Loci r r
R
 1-r (1-r)

N-R
 L_(r) Lr/L(r=1/2) LOD score [Log10(Lr/L(r=1/2))] 

Co-4
2
/Phg-2 

 
(R=96) 

 
(N-R=123) 

   

 
0.05 1.26E-125 0.95 1.82E-03 1.98E-64 1.94E-62 -61.71 

 
0.10 1.00E-96 0.90 2.35E-06 2.03E-38 1.98E-36 -35.70 

 
0.15 8.03E-80 0.85 2.08E-09 1.44E-24 1.41E-22 -21.85 

 
0.20 7.92E-68 0.80 1.20E-12 8.21E-16 8.03E-14 -13.10 

 
0.25 1.59E-58 0.75 4.29E-16 5.89E-10 5.76E-08 -7.24 

 
0.30 6.36E-51 0.70 8.85E-20 4.85E-06 4.75E-04 -3.32 

 
0.35 1.70E-44 0.65 9.74E-24 1.43E-03 1.39E-01 -0.86 

 
0.40 6.28E-39 0.60 5.16E-28 0.02790 2.72856 0.44 

 
0.45 5.11E-34 0.55 1.16E-32 0.05108 4.99553 0.69 

 
0.50 1.26E-29 0.50 9.40E-38 0.01022 0.99999 -2.05E-08 

        
Co-5/“P.ult” 

 
(R=49) 

 
(N-R=187) 

   

 
0.05 1.78E-64 0.95 6.83E-05 1.75E-17 1.34E+03 3.13 

 
0.10 1.00E-49 0.90 2.78E-09 4.00E-07 3.06E+13 13.49 

 
0.15 4.25E-41 0.85 6.33E-14 3.88E-03 2.97E+17 17.47 

 
0.20 5.63E-35 0.80 7.55E-19 6.12E-02 4.69E+18 18.67 

 
0.25 3.16E-30 0.75 4.33E-24 0.019687051 1.51E+18 18.18 

 
0.30 2.39E-26 0.70 1.08E-29 0.000372339 2.85E+16 16.46 

 
0.35 4.56E-23 0.65 1.03E-35 6.80449E-07 5.21E+13 13.72 

 
0.40 3.17E-20 0.60 3.27E-42 1.49241E-10 1.14E+10 10.06 

 
0.45 1.02E-17 0.55 2.80E-49 4.11E-15 3.15E+05 5.49 

  0.50 1.78E-15 0.50 5.10E-57 1.30E-20 1.00E+00 1.12E-06 

 
 
 

 
 

Figure 7. Plot of Likelihood (r) against Recombination rates, showing 
maximum likelihood estimate (MLE) of recombination fraction at 0.44, so that 
is the best estimate of linkage for gene pairs Co-42/Phg-2 on bean 
chromosome Pv08, using F2 population. 

 
 
 
likelihood under null and alternate hypotheses (where 


2
tabulated = 3.84) for a given gene pair in both BC3F6 and 

F2 populations. For gene pair, Co-4
2
/Phg-2 the  computed 

chi value of 0.32 and 1.4 in BC3F6 and F2 populations, 
respectively (Table 3) shows no significant difference 
between  the  null hypothesis (r = 0.5, no linkage) and the  
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Figure 8. Plot of LOD scores against Recombination rates, LOD is maximum 
around, r = 0.44, so that is the best estimate of linkage for gene pairs Co-42/Phg-2 
on bean chromosome Pv08, using F2 population. 

 
 
 

 
 

Figure 9. Plot of Likelihood (r) against Recombination rates, showing maximum 
likelihood estimate (MLE) of recombination fraction at 0.21, so that is the best 
estimate of linkage for gene pairs Co-5/“P.ult” on bean chromosome Pv07, using F2 
population.   

 
 
 

alternative hypothesis (r = 0.47, suggesting linkage). The 
marker loci for gene pairs Co-4

2
/Phg-2 are thus not linked 

in BC3F6 and F2 bean populations studied. In contrast, for 
gene pairs, Co-5/“P.ult”, the computed chi value of 18.4 
and 37.18 in BC3F6 and F2 populations, respectively 
(Table 3) shows significant difference between the null 
hypothesis and  the  alternative  hypothesis.  The  marker 

loci for gene pairs Co-5/“P.ult” are thus linked in BC3F6 

and F2 bean populations studied. 
 
 
DISCUSSION            
 
The objective of this study was to estimate recombination 
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Figure 10. Plot of LOD scores against Recombination rates, LOD is maximum 
around, r = 0.21, so that is the best estimate of linkage for gene pairs 
Co5/“P.ult” on bean chromosome Pv07, using F2 population. 

 
 
 

Table 3. Comparison of log-likelihood under alternate and the null hypothesis for Co-42/Phg-2 and Co-5/“P.ult” gene pairs in BC3F6 and F2 
populations 
 

Gene pair Hypotheses 

BC3F6  F2 

Recombination 
fraction (r) 

Likelihood 

of  r, L(r) 

Log of 
Likelihood 

 
r L(r) 

Log of 

Likelihood 

Co4
2
/Phg-2  

HA 0.47 0.033 -1.48  0.44 0.051 -1.29 

H0 0.5 0.022 -1.64  0.5 0.010 -1.99 

2(LHA - LH0) - - 0.32  - - 1.4 
         

Co-5/“P.ult” 

HA 0.32 0.028 -1.55  0.21 6.12E-02 -1.21 

H0 0.5 1.77E-11 -10.75  0.5 1.30E-20 -19.8 

2(LHA - LH0) - - 18.4*  - - 37.18* 
 

Alternative hypothesis (HA) is when r is estimated at its MLE and the null hypothesis (H0) is when r is fixed at 0.5. 2(LHA-LH0) shows that the 

difference between the log-likelihood multiplied by a factor of 2 for technical reasons, so that this quantity will be distributed as the familiar chi (
2
) 

statistic. Critical value for test-statistics at 1% level of significance is 3.84. Asteric (*) of log-likelihood shows significant difference between 
recombination fraction (r) values at HA versus Ho suggesting linkage between corresponding gene pairs. 

 
 
 

fractions and genetic linkage between gene pairs, Co-
4

2
/Phg-2 on bean chromosome Pv08 and Co-5/“P.ult” on 

chromosome Pv07. A strong genetic linkage among a 
pair of molecular markers located less than five centi 
Morgans (cM) apart on common bean chromosome 
implies that their two linked genes could be selected with 
only one marker to reduce genotyping costs. 

The results show incomplete genetic linkage between 
gene pairs, Co-4

2
/Phg-2 and Co-5/“P.ult” on common 

bean chromosomes Pv08 and Pv07, respectively.The 
recombination fraction summarized in Table 3 are 
indicators of the degree of linkage and was higher in 
BC3F6 than F2 populations for gene pairs, Co-4

2
/Phg-2 

(47cM vs 44 cM) and Co-5/“P.ult” (32 cM vs. 21 cM). This 
difference was attributed  to  the  two  generation  studied  

with significant differences in levels of genetic variations.  
As reported under population development under the 

materials and methods, the F2 populations derived their 
parents from from progenies of the BC3F6 population with 
single genes targerted. At BC3F6 the bean populations 
had possibly accumulated more recombinations than in 
F2s. Secondly, the progeny lines in BC3F6 genotyped were 
derived from a four way cross comprising four parents 
used to develop the genetic pyramids (Figure 2) with a 
high genetic diversity and population structure (Okii et al., 
2017).  

The hypothesis that physically linked genes for bean 
diseases, for example anthracnose (Co-4

2
) and angular 

leaf spot resistance (Phg-2) located on bean chromosome 
Pv08  co-segregate  in  bean  populations  due to genetic 



 
 
 
 

linkages was tested in this study. However, the weak 
genetic linkage between marker pairs studied shows that 
each of the four genes mentioned earlier have to be 
tagged with a corresponding linked markers during MAS. 
The study aimed to suggest strategies for reducing 
population size during gene pyramiding by finding a 
single marker locus (position of the chromosome) 
between genes or markers for simultaneous selection of 
resistance genes on the same bean chromosome(s), with 
linkages in coupling (Staub et al., 1996). Theoretical 
investigations that probe the potential of MAS are, 
however, of practical importance (Staub et al., 1996). 

In other studies on common bean, maximum linkage 
with no recombinants (0.0 cM) was reported for gene 
pairs, Co-1

4 
and Phg-1 for anthracnose and angular leaf 

spot diseases in bean cultivar AND277 (Gonçalves-
Vidigal et al., 2011) and suggested overlap or very tight 
linkage of Co-1

4 
and Phg-1 loci in the bean genome. The 

large genetic separation of SCAR markers SBB14 for Co-
4

2
 and SN02 for Phg-2 corroborates their physical 

positions in the Andean bean reference cultivar G19833 
(Schmutz et al., 2014), with SBB14 situated at 2,758,731 
base pairs (Burt et al., 2015) and SN02 at 58,535,517-
58,536,216 on Pv08 
(http://phaseolusgenes.bioinformatics.ucdavis.edu/).  

To define whether two markers are in linkage is to test 
whether the recombination fraction between these two 
markers is less than 0.5 (Balding et al., 2007). This 
hypothesis testing problem can be carried out using the 
likelihood ratio test Ott et al, 2015; Balding et al., 2007). 
Similarly, Sun et al. (2012) proposed recombination 
frequencies of 15 cM as the threshold for strong linkages 
among loci, while LOD scores above 3 indicate strong 
genetic linkages (Ott et al., 2015). The threshold genetic 
distance of 5 cM was recommended as strong indicator 
of linkage between molecular markers and resistance 
genes during MAS (Collard and Mackill, 2008).  

Therefore, the approaches used in this study 
contributed to two loci linkage mapping techniques in 
segregating plant populations through genotyping with 
markers. However, in situations where computer 
programs are used to integrate phenotypic and genotypic 
data sets, estimated LOD scores and likelihood values 
provide a threshold value for testing genetic linkage 
(Churchill and Doerge, 1994). 

Key statistical methods used in the study are reported 
by Geffroy et al., (2008) to show possible ways of 
reducing the number of laboratory samples screened with 
markers to reduce genotyping costs while still improving 
the efficiency of MAS for traits influenced by few genes 
such as diseases in common bean. The results should 
complement other useful genetic maps developed earlier 
for improving common bean for combining resistance to 
several diseases and quantitative trait loci (QTL) of 
economic importance (Kelly et al., 2003). 

This study was based on dominant SCAR markers, 
which cannot differentiate homozygotes progenies from 
heterozygotes,   we   therefore   recommend   use  of  co-  
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dominant markers to estimate linkage among gene pairs; 
Co-4

2
/Phg-2, Co-5/“P.ult”  in early generations such as 

F2s and F3s using a moderate population size (of 50 
individuals) proposed by Sun et al., (2012). The following 
are other recommendations: 1) sequencing SCAR 
markers which are strongly linked to targeted resistance 
genes in parental cultivars, then annotate chromosomal 
regions flanking the markers to find alternative markers 
and potential candidate genes; 2) Phenotyping the bean 
populations with pathogens in addition to genotyping and 
establish the correlations; and 3) Reciprocal crosses can 
be used to test the effect of maternal effects on linkage 
estimates among gene pairs or markers. 
 
 
Conclusion 
 

There was weak linkage among gene pair, Co-4
2
/Phg-2 

on bean chromosome eight. The linkage was however 
relatively stronger among gene pair, Co-5/“P.ult”. There 
was difference in the value of recombination fraction 
between the BC3F6 and F2 population. This implies that 
selection for each of the resistance genes, Co-4

2
, Phg-2, 

Co-5 and “P.ult” requires to be selected with their own 
SCAR marker due to lack of strong genetic linkages 
among these genes during marker assisted gene 
pyramiding targerting all the four genes in the same 
background.  
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This study determined the potential antidiarrhoeal potential of Pericopsis angolensis and Swartzia 
madagascariensis extracts against Escherichia coli O157, Shigella species and Salmonella Typhi. 
Extracts were obtained using the following methods: (i) hot water extraction (90°C) (LHWE), (ii) cold 
water extraction (CWED) and (iii) ethanolic extraction (EED). Antimicrobial effects of the extracts were 
determined using the well diffusion assay. Phytochemical analysis was performed using standard 
biochemical methods. The LHWE extracts exhibited significantly greater inhibition than CWED and EED 
extracts as follows: (i) P. angolensis bark extract at 0.8 mg/ml against Shigella spp. and (ii) P. 
angolensis bark extract at 1.6 mg/ml and S. madagascariensis bark extract at 1.6 mg/ml against S. 
Typhi. The aqueous methods largely resulted in P. angolensis and S. madagascariensis extracts rich in 
flavonoids, saponins and tannins. The aqueous extraction methods (CWED and LHWE) are therefore 
suitable to obtain extracts with high antimicrobial effects against E. coli O157, Shigella species and S. 
Typhi.  
 
Key words: Antidiarrhoeal, phytochemicals, extraction, Pericopsis angolensis, Swartzia madagascariensis. 

 
 
INTRODUCTION 
 
The use of plants or their products in traditional 
medicines has, since historic times, remained significant 
in the treatment of various medical ailments such as 
diarrhoea (Maroyi, 2016). Notably, there is a renewed 
public interest in the use of traditional medicines owing to 

the high costs of orthodox medicines and the associated 
side effects, especially antimicrobial resistance 
(Patwardhan et al., 2005). In African countries, 
approximately 80% of the population reportedly rely on 
traditional medicines owing  to  their low cost and ease of 
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access, as well as for cultural reasons (Maroyi, 2016). 

Diarrhoeal diseases have remained a global burden 
and a leading public health threat characterised by high 
morbidity and mortality especially among children under 
the age of 5 years (Maroyi, 2016). Diarrhoea is thought to 
account for between 1 and 9 million deaths among 
children aged 5 years or younger globally, with the 
highest rates occurring in low income countries (LIC) 
especially those in sub Saharan Africa and Asia (Njume 
et al., 2011). 

Plants have maintained their place in traditional 
medicine owing to their rich composition of healthful 
bioactive chemical compounds/metabolites (Smith, 
2007). Notably, most communities in LIC tend to rely of 
phytomedicines to manage various forms of diarrhoea 
including cholera, typhoid and various forms of 
gastroenteritis. Bioactive compounds are accumulated 
plant tissues as secondary metabolites (Smith, 2007). 
These metabolites are often accessed through the use of 
extraction techniques, with some plant materials being 
consumed whole to achieve the desired therapeutic or 
prophylactic effect (Semenya and Maroyi, 2013). The 
composition and bioactivity of an extract depends on its 
inherent chemical composition, the solvent used as well 
as the protocol followed during the extraction process 
(Muhamad et al., 2017). Traditional medicine has often 
relied on organic solvents including the use of cold and 
hot water (steeping) as extractants (Ngarivhume et al., 
2015; Palombo, 2011; Wachtel-Galor, 2004). However, 
the utilisation of organic solvents is often limited by a low 
extraction yield (Wachtel-Galor, 2004). To enhance the 
extraction processes, scientists have adopted protocols 
that use a combination of organic solvents (Pilon et al., 
2016). The traditional extraction methods, relying 
primarily on hot or cold water, utilise fresh or dried plant 
materials, with the obtained extracts being administered 
within hours from the time of plant material collection (De 
Wet and Ngubane, 2014; Odunmbaku et al., 2018). 
Different extractive strategies reportedly yield products 
with different clinical efficacies (Odunmbaku et al., 2018). 
With the availability of more modern extraction methods 
including maceration, percolation, reflux extraction, super 
critical fluid extraction (SFC), pressurised liquid extraction 
(PLE) and microwave assisted extraction (MAE)-with 
advantages that include enhanced extraction efficiency 
and improved extract bioactivities (Zhang et al., 2018), 
their utility compared to that of the traditional hot and cold 
water extraction methods have remained unappraised.  

The current study compared the antidiarrhoeal potential 
of hot water extraction and cold water extraction methods 
(LHWE and CWED, respectively) to that of ethanolic 
extraction method (EED). Specifically, the current study 
sought to assess the validity and utility of the aqueous 
extraction methods, which are considered methods of 
choice in the preparation of traditional antidiarrhoeal 
medicines. Two plant species with a history of use in the 
traditional management of diarrhoea  in  Southern  Africa,  

 
 
 
 
namely Pericopsis angolensis (Baker) Meeuwen and 
Swartzia madagascariensis (Desv.) J.H. Kirkbr. & 
Wiersama (Table 1), were used for the study. The 
extracts were tested for antimicrobial activities against 
selected diarrhoeagenic Escherichia coli O157, Shigella 
species and presumptive Salmonella Typhi. Additionally, 
the phytochemical composition of the extracts was 
determined. This study was considered important as it 
informs both the traditional and orthodox medicinal 
practices on the relative utilities of these extraction 
methods. 
 
 

MATERIALS AND METHODS 

 
Collection and processing of plant materials 

 
Fresh samples of P. angolensis bark, S. madagascariensis bark 
and S. madagascariensis leaves were collected in Chiraswa Village 
in Murehwa, Mashonaland East Province of Zimbabwe (-
17°.69’71.55˝S, 31°.96’48.90˝E) during the months of October-
December 2018. Species identification was done by qualified 
botanists at the National Herbarium and Botanic Garden in Harare 
(Zimbabwe). Voucher specimens were deposited in the Biological 
Sciences laboratory for future reference.  

The collected plant materials were washed to remove debri and 
then separated into two batches. Half of each fresh sample was 
frozen in airtight plastic bags for future use. The other half of each 
plant sample was air-dried for 72 h, then ground into fine powders 
with an electric grinder and stored in air tight containers in the dark 
at room temperature.  
 
 

Extraction 
 
Cold water (CWED) and ethanolic extraction (EED) 
 

The powdered samples were extracted into cold distilled water (150 
ml) and 70% ethanol (150 ml). The plant-solvent mixtures were 
continuously swirled at 150 rpm on a rotary shaker for 72 h. The 
extracts were filtered through Whatman No. 41 filter paper (pore 
size 20-25 μm) and the collected filtrates were evaporated at room 
temperature. Each dried extract was resuspended into between 1 
and 2 ml of sterile Ringers solution. Concentrations of each stock 
solution were stored at -20°C until further analysis. 
 
 

Hot water extraction (THWE) 
 

Fresh plant samples (10 g) were added to 100 ml of hot boiled 
water (90°C) and steeped for 30 min. The samples were filtered 
through Whatman No. 41 filter paper (pore size 20-25 μm) and were 
stored at -20°C for further tests.  
 
 

Phytochemical analyses 
 

Qualitative chemical analyses of the extracts were conducted using 
the following biochemical tests. Ringers solution was used as a 
negative control for all phytochemical tests. 
 
 

Test for tannins (Ferric chloride test) 
 

A few drops of 0.1 ferric chloride were added to 2 ml of aqueous 
extracts  (CWED,  EED  and THWE). A blue coloration indicated the 
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Table 1. Description of selected plant species used in the management of diarrhoea and other ailments. 
 

Plant species  
Common 
name 

Distribution 
in Zimbabwe 

Parts of plants used 
Extraction 
method 

Bioactive 
compounds 

Pericopsis 
angolensis 
(Baker) Meeuwen 

 

Afrormosia 
(English), 

Muwanga 
(Shona), 
Ubanga 
(Ndebele) 

North, Central 
and Eastern 
parts [14] 

Roots: abortifacient, aphrodisiac 
and a tonic, decoctions blood 
circulation stimulant, diarrhoea, 
bronchial and chest pains, 
nausea and eye problems. 

Dried and powdered root: 
relieve pain, treat oedema and 
tumours. Bark: diarrhoea, sore 
throat, toothache, eye bath. 

Leaves: vapour for headaches, 
anthelmintic 
(http//www.prota.org) 

No 
information 
found 

No information found 

      

Swartzia 
madagascariensis 
(Desv.) J.H. 
Kirkbr. & 
Wiersama 

 

 Snake bean 
(English), 

Mucherekese 
(Shona) [14] 

East [14] 

Bark: ear treatments, laxative, 
venereal diseases. Leaves: 
astringents, mammal and bird 
poisons, rodenticides. Root: 
diarrhoea, dysentery, 
vermifuges, abortifacients, 
ecbolics, antidotes. Pod: 
insecticides, arachnicides, 
leprosy (Royal botanical 
gardens. 

Solvent 
extraction 
(ethanol and 
hexane and 
ethyl acetate) 
using Soxhlet 
apparatus 
[15] 

Hexane extracts 
(steroids and 
triterpenes present) 
[15], Ethanol extracts 
(flavonoids, saponins, 
triterpenes, alkaloids. 

Fruits: glycosides, 
saponins, steroids.  
Leaf, root and seeds: 
tannins 

 
 
 
presence of tannins 16. 
 
 
Test for flavonoids 
 

Dilute ammonia (5 ml) solution was added to 1 ml of each plant 
extract. Concentrated sulphuric acid (5 ml) was added and a yellow 
coloration in each plant extract indicated the presence of flavonoids 
(Zohra et al., 2012). 
 
 
Test for alkaloids 
 
Aqueous 1% hydrochloric acid (0.2 ml) was added to 2 ml each 
extract. Each solution was heated in a steam bath for 10 min. The 
aqueous extract solution was treated with 6 to 10 drops of 
Dragendoff’s reagent. A creamish precipitate indicated the 
presence of alkaloids (Zohra et al., 2012). 
 
 
Test for saponins 
 

Aqueous extracts (2 ml) were mixed with distilled water (5 ml) and 
shaken vigorously for stable persistence froth. The froth was mixed 
with 3 drops of olive oil and was shaken vigorously. Emulsion 
indicated the presence of saponins (Zohra et al., 2012). 
 
 
Test for reducing sugars (Benedict’s test) 
 

To 1 ml of the plant extract, a few drops of Benedict’s reagent 
(alkaline solution containing cupric citrate solution) were added and 
boiled in a water bath. A reddish brown precipitate indicated the 
presence of reducing sugars (Avinash and Waman, 2014). 

Bacterial strains 

 
The microorganisms used in determination of the antibacterial 
activity of the plant extracts’ were as follows: presumptive E. coli 
O157, Shigella spp. and S. Typhi. All bacterial strains were 
obtained from our in-laboratory stock of environmental isolates. The 
isolated strains were maintained on Nutrient agar. The bacterial 
cultures were prepared by transferring a colony of the bacteria into 
a universal bottle containing 10 ml of nutrient broth and incubated 
overnight at 37°C. The concentration of the bacterial cultures was 
standardised to a concentration of 1 × 108 colony forming units per 
millilitre (CFU/ml) (internal protocol), which is equivalent to an 
optical density of 0.2 using a Biobase EL 10B Microplate Reader 
(Jinan, China) at optical density 620 nm. Ringer’s solution was used 
as a negative control for all antimicrobial tests. 

 
 
Antibacterial screening 

 
Antibacterial tests were performed using standard agar well 
diffusion assay as described by Soman and Ray (2016). Briefly, 
agar plates were prepared using sterile HiCrome O157: H7 agar 
(Sigma-Aldrich, Saint Quentin Fallavier, France) and XLD agar 
(Sigma-Aldrich, Saint Quentin Fallavier, France) for E. coli O157, 
Shigella spp. and S. Typhi, respectively. The standardised cultures 
were evenly spread onto the surface of the agar plates using sterile 
swabs. Wells were made in each plate with a sterile auger (10 mm 
diameter). 40 µl of ethanol and aqueous extracts (100 mg/ml) were 
added in each well, with streptomycin (300 µg, Mast Diagnostics, 
UK) being used as positive control. The plates were incubated at 
37°C for 24 h. Each extract was tested in triplicate.  

Antibacterial activity was tested by observing bacterial growth 
and  was  indicated  as the presence of clear zones around the well 
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(zones of inhibition). The absence of the zone of inhibition around 
the wells was interpreted as the absence of activity. The zones of 
inhibition were measured in millimetres. Only extracts that showed 
antimicrobial activities were used to determine the minimum 
inhibition and minimum bactericidal concentration of each 
preparation. 

 
 
Determination of minimal inhibitory concentration (MIC) 

 
The minimal inhibitory concentration of the plant extracts/control 
was determined using the well diffusion assay (Soman and Ray, 
2016). Agar plates were prepared using sterile HiCrome 0157: H7 
media for E. coli 0157 and XLD media for Salmonella and Shigella 
spp. The standardised cultures were evenly spread on the surface 
of the agar plates using sterile swabs under sterile conditions. Wells 
were made in each plate with a sterile auger (10 mm diameter). 40 
µl of plants extracts (two fold concentrations ranging from 0.781 to 
100 mg/ml) were added in each triplicate wells. Streptomycin (300 
µg, Mast Diagnostics, UK) was used as the positive control. The 
diffusion of the extracts was allowed at room temperature for 1 h in 
a sterile laminar flow cabinet and the plates were incubated at 37°C 
for 24 h. The plates were observed for antimicrobial activity and the 
zones of inhibition (mm) indicated the minimum concentration at 
which the extracts inhibited the growth of the test microorganisms. 
The concentration at which there was no zones of inhibition were 
recorded as the minimum inhibition concentration. 

 
 
Determination of minimal bactericidal concentration (MBC) 

 
A modified assay to that described by as modified from the Soman 
and Ray (2016) method was used to determine the MBC of each 
extract. Briefly, using the agar plates from the MIC assay, a sterile 
inoculating loop was used to touch the zone of inhibition of different 
concentrations of extracts where there was invisible growth. The 
loops were used to streak labelled and prepared agar plates. The 
plates were incubated for 24 h and observed for growth at different 
concentration. 
 
 
RESULTS 
 
Extracts from plant materials listed in Table 1 were 
exposed to different solvents and conditions. Briefly, plant 
materials were exposed to the following: (i) hot water 
(steeping) for 1 h (LHWE), a method simulating the 
traditional extraction method; (ii) cold water for 72 h 
(CWED) followed by evaporation at room temperature 
and (iii) ethanol for 72 h followed by evaporation at room 
temperature (EED). Yields per extract (mg) were 
obtained by weighing the dried samples and subtracting 
the weight of the containers (Petri dishes). Table 2 
provides details of the amount of material used and the 
yield of extract (mg). 

Standard phytochemical analyses were conducted on 
extracts described in Table 3. Briefly, extracts were 
exposed to various chemicals in accordance with 
standard biochemical protocols. Colour and other 
changes in the extracts were used to show the presence 
of the target compounds. Relative phytochemical 
concentration was determined relying on intensities of the  

 
 
 
 
extracts. Table 3 provides information on chemical 
composition of each extract used. 

The traditional hot water extraction method (LHWE) 
yielded extracts that contained the following 
phytochemicals [flavonoids (P. angolensis bark extract 
and S. madagascariensis bark and leaf extracts, saponins 
(P. angolensis bark extract and S. madagascariensis 
bark and leaf extracts) and reducing sugars (P. 
angolensis bark extract and S. madagascariensis bark 
and leaf extracts)] (Table 3). The cold water extraction 
method (with evaporation) (CWED) yielded extracts that 
contained the following phytochemicals [flavonoids (P. 
angolensis bark extract and S. madagascariensis bark 
and leaf extracts, saponins (P. angolensis bark extract 
and S. madagascariensis bark and leaf extracts), tannins 
(P. angolensis bark extract and S. madagascariensis 
bark and leaf extracts) and reducing sugars (P. 
angolensis bark extract and S. madagascariensis bark 
and leaf extracts)] (Table 3). The ethanolic extraction 
method (EED) yielded extracts with greater 
concentrations of reducing sugars (P. angolensis bark 
extract)] (Table 3). All extracts showed no presence of 
alkaloids. 

The traditional hot water extraction method (LHWE) 
yielded the highest antimicrobial activities in terms of the 
attainment of the lowest minimum inhibition concentration 
(MIC)/highest zone of inhibition (ZOI) against Shigella 
spp. in comparison with the other two extraction methods 
(CWED and EED) as follows: (i) P. angolensis bark 
extract (ZOI = 21 mm) (Figure 3) and (ii) S. 
madagascariensis bark extract (1.56 mg/ml) (Figure 1). 
The LHWE extract was shown to yield significantly 
greater ZOI at 100 mg/ml than CWED and EED against 
Shigella spp. (p = 0.001 and p = 0.0003, respectively) 
(Table A1). Additionally, LHWE extracts of the following 
extracts attained significantly greater antimicrobial activity 
(ZOI) against the strain of Shigella spp. (at 100 mg/ml) 
than Streptomycin (300 µg/ml) (ZOI = 20 mm) with the 
following: (i) S. madagascariensis leaf extract (ZOI = 23 
mm) (Figure 2) and (ii) P. angolensis bark extract (ZOI = 
21 mm) (Figure 1). Additionally, the LHWE extract 
retained the highest activity against Shigella spp. 
compared to the other two (CWED and EED) across all 
concentrations tested (Figures 1, 2 and 3). 

The LHWE extraction method was shown to yield 
extracts with significantly greater ZOI against Shigella 
spp. than those from the other methods with the 
following: (i) P. angolensis bark extract (LHWE > CWED - 
p = 0.001) and (ii) P. angolensis bark extract (LHWE > 
EED – p = 0.0003) (Table A1). Additionally, LHWE 
extracts were shown to have significantly greater ZOI at 
100 mg/ml than other against the S. Typhi as follows: (i) 
S. madagascariensis bark extract (LHWE > CWED – p < 
0.0001); (ii) S. madagascariensis bark extract (EED > 
LHWE – p = 0.002); (iii) S. madagascariensis leaf extract 
(LHWE > CWED – p = 0.0001); (iv) S. madagascariensis 
leaf extract (LHWE > EED – p = 0.0003); (v) P.  
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Table 2. Extract yield per unit weight of plant material used and extraction method (traditional hot water extraction - 
LHWE, cold water extraction with concentration - CWED and ethanolic extraction with concentration - EED).  
 

Plant species and extract Weight of plant material used (g) Yield (mg) 

P. angolensis bark 

CWED 45.18 510 

EED 45.18 465 

LHWE 10 N.D 

    

S. madagascariensis bark 

CWED 45.17 320 

EED 45.17 1 275 

LHWE 10 N.D 

    

S. madagascariensis leaf 

CWED 45.17 320 

EED 45.17 720 

LHWE 10 N.D 
 

N.D: Not determined. Extract was used without evaporation; hence its dry weight was not determined. CWED: Cold water extract 
with desiccation; EED: ethanol extract with desiccation; LHWE: aqueous extract obtained by the traditional extraction method.  

 
 
 

Table 3. Qualitative phytochemical composition of extracts obtained using traditional hot water extraction (LHWE), cold water 
extraction with concentration (CWED) and ethanolic extraction with concentration (EED). 
  

Plant species and extract  Saponins Alkaloids Flavonoids Tannins Reducing sugars 

P. angolensis bark 

CWED +++ - +++ +++ + 

EED ++ - + - +++ 

LHWE ++ - + - + 

       

S. madagascariensis bark 

CWED +++ - + - + 

EED - - + ++ - 

LHWE +++ - + +++ ++ 

       

S. madagascariensis leaf 

CWED ++ - + - +++ 

EED - - + ++ - 

LHWE ++ - +++ - +++ 
 

CWED: Cold water extract with desiccation; EED: ethanol extract with desiccation; LHWE: aqueous extract obtained by the traditional 
extraction method; + = presence of phytochemical in trace amounts; -: absence of phytochemical; ++: moderate amount of phytochemical; 
+++: appreciable amounts of phytochemicals. 

 
 
 
angolensis bark extract (LHWE > CWED – p = 0.002) 
and (vi) P. angolensis bark extract (LHWE > EED – p = 

0.0004) (Table A1, Figure 4 and 5).  
The cold water extraction method with desiccation 

(CWED) yielded the highest antimicrobial activities in 
terms of the attainment of the lowest minimum inhibition 
concentration (MIC) / highest zone of inhibition (ZOI) 
against S. Typhi in comparison with the other two 
extraction methods (LHWE and EED) as follows: (i) S. 
madagascariensis bark extract (MIC = 0.78mg/ml) 
(Figure 1d) and S. madagascariensis leaf extract (MIC = 
1.56mg/ml) (Figure 1e). Additionally, the CWED extract 
retained the highest activity against S. typhi compared to 
the other two (LHWE and EED) across all concentrations 
of   S.    madagascariensis    bark    extract    (Figure  1d). 

Additionally, the CWED extract from P. angolensis bark 
was shown to have significantly greater ZOI at 100mg/ml 
than that of EED extract against the S. typhi (CWED > 
EED – p = 0.02) (Figure 6). 

The hot water extraction method (LHWE) yielded 
extracts that had no antimicrobial activity against E. coli. 
The cold water extraction method with desiccation 
(CWED) of S. madagascariensis leaf extract (ZOI = 21 
mm) yielded the higher antimicrobial activities in terms of 
the attainment of the highest zone of inhibition (ZOI) 
against E. coli than that of extracts from the other two 
extraction methods (LHWE and EED) (Figure 8). 
Additionally, CWED extracts attained greater antimicrobial 
activity against the strain of E. coli (at 100 mg/ml) than 
streptomycin  (300  µg/ml)   (ZOI   =   23 mm)  as  follows:   
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Figure 1. Inhibition of Shigella spp. isolate by varying concentrations of S. madagascariensis leaf extract. 

 
 
 

 
 

Figure 2. Inhibition of Shigella spp. isolate by varying concentrations of S. madagascariensis bark extract.  

 
 
 
(i) S. madagascariensis bark extract (ZOI = 26 mm) 
(Figure 7), (ii) S. madagascariensis leaf extract (ZOI = 34 
mm) (Figure 8) and (iii) P. angolensis bark extract (ZOI = 
30 mm) (Figure 9). Additionally, the CWED extract 
retained the highest activity against S. typhi compared to 
the other two (LHWE and EED) across all concentrations 
of S. madagascariensis leaf (Figure 8).  

The following extracts were shown to have significantly 
greater ZOI at 100 mg/ml than the other against the E. 
coli: (i) S. madagascariensis bark EED extract > CWED 
extract: p = 0.02 and S. madagascariensis leaf CWED 
extract > EED extract: p < 0.0001 (Table A1).  

The   ethanolic    extraction   with   desiccation   method 

yielded extracts with greater antimicrobial activities 
against E. coli O157 as follows: (i) S. madagascariensis 
bark extract (MIC = 0.39 mg/ml / ZOI = 29 mm) (Figure 7) 
and (ii) P. angolensis bark extract (ZOI = 31 mm) (Figure 
9). The following extracts achieved greater ZOI than 
streptomycin against E. coli (300 µg/ml) (ZOI = 23 mm): 
(i) CWED and EED of S. madagascariensis bark extracts 
(26 and 29 mm) (Figure 7), (ii) CWED of S. 
madagascariensis leaf extract (34 mm) (Figure 8) and (iii) 
CWED and EED of P. angolensis bark extracts (30 and 
31 mm) (Figure 9). 

Overall, the aqueous extraction methods (CWED and 
LHWE)   yielded    extracts    with    greater   antimicrobial 
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Figure 3. Inhibition of Shigella spp. isolate by varying concentrations of P. angolensis bark extract.  

 
 
 

  
 

Figure 4. Inhibition of S. Typhi isolate by varying concentration of S. madagascariensis bark extract. 

 
 
 

 
 

Figure 5. Inhibition of S. Typhi isolate by varying concentration of S. madagascariensis leaf extract. 
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Figure 6. Inhibition of S. Typhi isolate by varying concentration of P. angolensis bark extract. 

 
 
 

 
 

Figure 7. Inhibition of E. coli O157:H7 isolate by varying concentration of S. madagascariensis bark extract. 

 
 
 

 
 

Figure 8. Inhibition of E. coli O157:H7 isolate by varying concentration of S. madagascariensis leaf extract. 
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Figure 9. Inhibition of E. coli O157:H7 isolate by varying concentration of P. angolensis leaf extract. 

 
 
 
activities than the other two methods in terms of the 
attainment of the lowest MIC values and higher ZOI per 
concentration used depending on plant species or plant 
part used. Generally, the LHWE method was largely 
better than the other two methods in (lowest MIC values 
and higher ZOI against Shigella spp. and presumptive S. 
Typhi per concentration used) with different plants. 
However, the LHWE technique yielded extracts with no 
antimicrobial activities against E. coli. The CWED and 
EED methods yielded greater antimicrobial activities 
against the bacteria as follows: (i) CWED with S. 
madagascariensis leaf extract (Figure 8) and (ii) EED 
with P. angolensis bark (Figure 9). 

Table 4 shows ZOI of each extract (at the highest 
concentrations) against Shigella spp. that were greater 
than that for streptomycin (300 µg, Mast Diagnostics, UK) 
(20 mm). The extract from the traditional hot water 
extraction method (LHWE) had greater inhibitory 
activities than that for streptomycin (300 µg) against the 
following microorganisms with the following extracts 
(Shigella spp.: S. madagascariensis bark and leaf 
extracts and P. angolensis bark extract) (Table 4). The 
cold water extract of S. madagascariensis bark showed 
greater ZOI compared to that for streptomycin against E. 
coli and S. Typhi. The cold water extract of S. 
madagascariensis leaf showed greater ZOI compared to 
that of streptomycin against E. coli. Whereas the 
ethanolic extraction method yielded an extract of S. 
madagascariensis bark and P. angolensis bark with 
greater ZOI than streptomycin. 

The traditional hot water extraction method (LHWE), 
cold water extraction with desiccation (CWED) and the 
ethanol with desiccation extraction (EED) methods 
yielded equal or similar MIC values, as seen with P. 
angolensis bark extract (0.78 mg/ml) (Figure 1). The 
CWED method yielded equal but higher MIC values  than 

LHWE and EED method when used to obtain S. 
madagascariensis bark extract (CWED - 0.2 mg/ml vs. 
LHWE and EED - 0.78 mg/ml) (Table 5). The LHWE 
method yielded greater antimicrobial activities (ZOI) at 
concentrations higher that the respective MIC against 
presumptive S. typhi for P. angolensis bark extract and S. 
madagascariensis bark extract (Table 5). Overall, the 
LHWE method was largely better than the other two 
methods in (lowest MIC values and higher ZOI per 
concentration used) for P. angolensis bark extract and S. 
madagascariensis bark extract, whereas EED proved 
inferior (Figure 1). 

The traditional hot water extraction method (LHWE) 
yielded extracts had no antimicrobial effects against the 
strain of E. coli O157 used (results not shown). The 
CWED method yielded higher MIC values than EED 
method and LHWE when used to obtain the following: P. 
angolensis (MIC = 0.78 mg/ml, greater activity between 
0.78 and 1.56 mg/ml and S. madagascariensis (MIC = 
0.196 mg/ml, greater activity between 0.196 and 6.25 
mg/ml (Figure 1). The EED method yielded higher MIC 
values than CWED method and LHWE when used to 
obtain S. madagascariensis bark extract (MIC: EED = 
0.098 mg/ml, CWED = 0.781 mg/ml). 

Minimum inhibition concentration (MIC) of extracts 
obtained using traditional hot water extraction (LHWE), 
cold water extraction with concentration (CWED) and 
ethanolic extraction with concentration (EED) were 
obtained following the well diffusion protocol described 
earlier. Table 5 shows MIC values for each extract 
against each of the microorganisms tested.  

The ethanolic extraction (with concentration) method 
(EED) yielded extracts that had dually greater 
antimicrobial effect (MIC) against the strains and extracts 
(than the other two methods): S. Typhi and E. coli with P. 
angolensis    bark   extract.   The   cold    water   aqueous  



840         Afr. J. Biotechnol. 
 
 
 

Table 4. Extracts with ZOI (at 100 mg/ml) greater than that of Streptomycin against E. coli, Shigella spp. and S. Typhi. 
 

Microorganism Plant/Part Extract ZOI (100 mg/ml) 

Shigella spp.  Streptomycin 20 

 S. madagascariensis bark LHWE 24 

 S. madagascariensis leaf LHWE 24 

 P. angolensis bark LHWE 24 

    

S. Typhi  Streptomycin 25 

 S. madagascariensis bark CWED 26 

    

E. coli  Streptomycin 23 

 
S. madagascariensis bark 

CWED 26 

 EED 29 

    

 S. madagascariensis leaf CWED 34 

    

 
P. angolensis bark 

EED 31 

 CWED 31 
 

CWED: Cold water extract with desiccation; EED: ethanol extract with desiccation; LHWE: aqueous extract obtained by the traditional 
extraction method. 

 
 
 
extraction (with concentration) method (CWED) yielded 
extracts that had dually greater antimicrobial effect (MIC) 
against the strains and extracts (than the other two 
methods): S. Typhi and E. coli with S. madagascariensis 
bark.  
 
 
DISCUSSION  
 
In this study, extracts obtained from the extraction LHWE, 
CWED and EED were analysed for antimicrobial activity 
against presumptive E. coli O157, Shigella spp. and S. 
Typhi and were characterised for phytochemical 
composition. The extraction methods gave yields (dry 
mass of desiccated extracts) that lied between 711 and 
2833 mg (0.07 and 0.25% respectively) per 100 g of plant 
material used. This means for one to obtain 1 kg of 
desiccated product, between 35 and 140 kg of dried plant 
material. Should the plants not be domesticated, harvest 
for widespread use in the management of diseases would 
not be sustainable. We recommend the domestication or 
replanting of such medicinal plants. 

Qualitative phytochemical analysis revealed the 
presence of saponins, flavonoids, tannins and reducing 
sugars in plant extracts obtained from different extraction 
methods.  

The traditional hot water extraction method (LHWE) 
yielded greater antimicrobial activities (significantly 
greater ZOI than the other extracts against S. Typhi: (i) S. 
madagascariensis bark extract (LHWE > CWED – p < 
0.0001), (ii) S. madagascariensis bark extract (EED > 
LHWE – p = 0.002), (iii) S. madagascariensis leaf  extract 

(LHWE > CWED – p = 0.0001), S. madagascariensis leaf 
extract (LHWE > EED – p = 0.0003), (v) P. angolensis 
bark extract (LHWE > CWED – p = 0.002) and (vi) P. 
angolensis bark extract (LHWE > EED – p = 0.0004). 
Similar dominance of LHWE was shown against Shigella 
spp. as follows: (i) P. angolensis bark extract (LHWE > 
CWED - p = 0.001) and (ii) P. angolensis bark extract 
(LHWE > EED – p = 0.0003). Swartzia madagascariensis 
has a history of being used in concoctions (mixed with 
Isoberlinia doka, Annona senegalensis, Gardenia 
ternifolia, Terminalia glaucescens and Erythrina 
senegalensis) that have shown significant antibacterial 
activities against Bacillus cereus, Mycobacterium 
fortuitum, Staphylococcus aureus, or Candida albicans 
(Magassouba et al., 2007). No evidence of use of S. 
madagascariensis or P. angolensis as sole antimicrobials 
in the traditional management of diseases was found.  

The barks of P. angolensis and S. madagascariensis 
were shown to contain a number of phenolic compounds 
(pterocarpins) (Harper et al., 1969) which could account 
for the high antimicrobial activities of LHWE against S. 
Typhi and Shigella spp. The observed antimicrobial 
activities in the selected plants may be attributed to high 
composition of flavonoids and tannins in S. 
madagascariensis leaf extract or pterocarpins in P. 
angolensis (Harper et al., 1969). Flavonoids have been 
shown to harbour antimicrobial activities against 
Salmonella spp. (Dzoyem et al., 2017), for example 
quercetin (Wang et al., 2017), rutin (Arima et al., 2002) 
and others. Generally, no other studies reporting 
chemical composition of P. angolensis were found. 
Interestingly, all LHWE extracts did not yield antimicrobial  
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Table 5. Minimum inhibition concentration (MIC) (mg/ml) of extracts obtained using traditional hot water 
extraction (LHWE), cold water extraction with concentration (CWED) and ethanolic extraction with 
concentration (EED). 
 

Species Plant part Extract Microbial species MIC (mg/ml) 

P. angolensis Bark  

CWED 

Shigella spp. 1.562 

S. Typhi 0.781 

E. coli  0.781 

   

EED 

Shigella spp. 12.5 

S. Typhi 0.196 

E. coli  0.098 
   

LHWE 

Shigella spp. 0.0915 

S. typhi 0.781 

E. coli  0 

     

S. madagascariensis 

Bark 

CWED 

Shigella spp. 0 

S. Typhi 0.195 

E. coli  0.098 
   

EED 

Shigella spp. 12.5 

S. Typhi 0.781 

E. coli  0.781 

   

LHWE 

Shigella spp. 1.562 

S. Typhi 0.781 

E. coli  0 

    

Leaves 

CWED 

Shigella spp. 1.562 

S. Typhi 0.781 

E. coli  0.196 
   

EED 

Shigella spp. 1.562 

S. Typhi 0.781 

E. coli  6.25 
   

LHWE 

Shigella spp. 0.781 

S. Typhi 0.781 

E. coli  0 
 

CWED: Cold water extract with desiccation; EED: ethanol extract with desiccation; LHWE: aqueous extract 
obtained by the traditional extraction method. 

 
 
 
effects against E. coli.   

Ahmed et al. (2014), in a study on the effect of hot 
versus cold water extraction of Hibiscus sabdariffa 
calyxes revealed greater accumulation of total phenolics, 
total flavonoids and tannins with short time high 
temperature extraction process, as well as high 
antioxidant activity (DPPH assay) than with the cold 
water extraction method. Yung et al. (2010) demonstrated 
an increase in phenolics content and antioxidant activities 
of Pegaga (Centella asiatica) extracts with boiling 
temperature (90°C). The observed  high  accumulation  of 

the phenolic substances (flavonoids and tannins) as well 
as saponins may be due to the increased dissolution of 
these substances with the hot water extraction method in 
the present study. Saponins are glycosidic secondary 
metabolites that exert a wide range of pharmacological 
properties (Podolak et al., 2010). 

The LHWE could have attained greater antimicrobial 
activities due to the short processing time (30 min) that 
could have prevented antioxidative deterioration of 
phytochemicals within. Whereas extraction with the EED 
and CWED methods  was done over a period of 72h, plus 
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a desiccation step that took at least 48 h. The length of 
exposure to agents of the atmosphere and the time taken 
could have had deleterious effects on the chemicals.  

The aqueous extraction method (with desiccation) 
(CWED) generally yielded extracts with higher 
antimicrobial activities against E. coli than against S. 
Typhi and Shigella spp. where the zones of inhibition 
were as follows (respectively): P. angolensis bark extract 
(31 mm for E. coli). CWED extracts were also shown to 
have greater concentrations of the following: flavonoids 
(P. angolensis bark extract), tannins (P. angolensis bark 
extract) and saponins (P. angolensis bark extract). The 
cold water extract of S. madagascariensis leaves 
(CWED) was shown to have significantly greater 
antimicrobial activity against E. coli than the ethanolic 
counterpart (EED) (p < 0.0001). The cold water extraction 
method (with evaporation) (CWED) yielded extracts of S. 
madagascariensis were shown to be rich in the following 
phytochemicals: flavonoids, saponins and tannins. These 
components are thought to account for the high 
antimicrobial activities of the S. madagascariensis 
extracts. 
 
 

Conclusion  
 

The aqueous extraction methods (CWED and LHWE) 
were shown to yield extracts with greater antimicrobial 
activities than the ethanolic extraction method (EED) 
(significantly lower MIC values or significantly higher ZOI 
against Shigella spp. and S. Typhi per concentration 
used) with the three selected plants. However, the LHWE 
technique yielded extracts with no antimicrobial activities 
against E. coli. The high antimicrobial activities of CWED 
and LHWE could be because of the presence of bioactive 
compounds that exert antimicrobial properties such as 
flavonoids, saponins, alkaloids and tannins. The hot 
water extraction method was shown to be an extraction 
method of choice as it resulted in significantly greater 
antimicrobial activities against the three diarrhoeagenic 
microorganisms with the three plant species. The novelty 
of the hot water extracted preparations is thought to lie 
with the freshness of such extracts (used within hours 
from extraction) – meaning reduced oxidative degradation 
of their phytochemistry. The current study therefore 
validates the widespread use of aqueous extraction 
methods in traditional medicinal practices. 
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APPENDIX A 
 
Analysis of variance: ZOI at highest concentration of extracts used (100 mg/ml) 
 
The inhibitory activities of the extracts obtained using the different extraction methods (traditional African hot water 
extraction - LHWE, cold water extraction with concentration - CWED and ethanolic extraction with concentration - EED) 
were analysed using One Way Analysis of Variance (ANOVA) statistical tool. Table A1 shows that there was no 
significant difference in zones of inhibition at 100mg/ml of each extract (p > 0.005).However, the LHWE method was 
shown to yield extracts with greater antimicrobial activities than the other two methods in (lowest MIC values and higher 
ZOI against Shigella spp. and S. typhi per concentration used) with different plants. Notably, the LHWE technique 
yielded extracts with no antimicrobial activities against E. coli. The CWED and EED methods yielded greater 
antimicrobial activities against the bacteria as follows: (i) CWED with P. angolensis and S. madagascariensis bark 
extracts, and (ii) EED with: S. madagascariensis bark extract. 
 
  
Table A1. Analysis of Variance of antimicrobial activities (zone of inhibition) of extracts from extraction methods (traditional African hot water 
extraction - LHWE, cold water extraction with concentration - CWED and ethanolic extraction with concentration - EED) against E. coli, S. 
typhi and Shigella spp. 
 

Microorganism Pair of extracts compared  F value P value Comment 

Shigella spp. 

S. madagascariensis bark (CWED vs LHWE) 294 < 0.0001 Significance (CWED > LHWE) 

S. madagascariensis bark (CWED vs EED) 54 0.002 Significance (CWED > EED) 

S. madagascariensis bark (EED vs LHWE) 96 0.0006 Significance (EED >LHWE) 

S. madagascariensis leaf (CWED vs LHWE) 37.5 0.004 Significance (CWED > LHWE) 

S. madagascariensis leaf (CWED vs EED) 1.5 0.30 No significance (CWED vs EED) 

S. madagascariensis leaf (LHWE vs EED) 24 0.008 Significance (EED > LHWE) 

P. angolensis bark (CWED vs LHWE) 73.5 0.001 Significance (LHWE > CWED) 

P. angolensis bark (CWED vs EED) 13.5 0.02 Significance (CWED > EED) 

P. angolensis bark (LHWE vs EED) 150 0.0003 Significance (LHWE > CWED) 

     

S. typhi 

S. madagascariensis bark (CWED vs LHWE) 294 < 0.0001 Significance (LHWE > CWED) 

S. madagascariensis bark (CWED vs EED) 96 0.0006 Significance (EED > CWED) 

S. madagascariensis bark (EED vs LHWE) 54 0.002 Significance (LHWE > EED) 

S. madagascariensis leaf (CWED vs LHWE) 216 0.0001 Significance (LHWE > CWED) 

S. madagascariensis leaf (CWED vs EED) 6 0.07 No significance (CWED vs EED) 

S. madagascariensis leaf (LHWE vs EED) 150 0.0003 Significance (LHWE > EED) 

P. angolensis bark (CWED vs LHWE) 54 0.002 Significance (LHWE > CWED) 

P. angolensis bark (CWED vs EED) 13.5 0.02 Significance (CWED > EED) 

P. angolensis bark (LHWE vs EED) 121.5 0.0004 Significance (LHWE > EED) 

     

E. coli 

S. madagascariensis bark (CWED vs EED) 13.5 0.02 Significance (EED > CWED) 

S. madagascariensis leaf (CWED vs EED) 726 < 0.0001 Significance (CWED > EED) 

P. angolensis bark (CWED vs EED) 1.5 0.290 No significance (CWED vs EED) 
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Three late blight resistance (R) genes from wild potato species were transferred as a stack into the 
farmer-preferred varieties ‘Tigoni’ and ‘Shangi’. Transgenic events were tested by detached-leaf assays 
(DLA) and whole-plant assays (WPA) with isolates of Phytophthora infestans using 20,000 sporangia / 
mL inoculum. For the first DLA, 9 out of 13 ‘Tigoni’ and 10 out of 12 ‘Shangi’ transgenic events had 
scores below 3% of leaf affected area. 17 of the 19 transgenic events with low scores were subjected to 
a second DLA using two different P. infestans isolates. 8 of them exhibited extreme LB resistance while 
the remaining 9 transgenic events showed hypersensitive response (HR). 6 transgenic events (2 ‘Tigoni’ 
and 4 ‘Shangi’) with extreme resistance by DLA were subjected to WPA and they all exhibited extreme 
resistance to LB. Hence, this study demonstrates that a simple DLA predicts high level of resistance to 
late blight. R gene expression analysis in 18 transgenic events showed different transgenic events 
exhibiting different levels of expression in the three genes. However, that pathogen induction and / or 
high R gene expression are necessary for extreme resistance when transgenic events bear a stack of 
three R genes was not observed. 
 
Key words: Detached-leaf assay, late blight, Phytophthora infestans, resistance. 

 
 
INTRODUCTION 
 
Agriculture is the mainstay of African nations where 48% 
of the total African population and almost 70% in East 
Africa rely on agriculture for their livelihood (NEPAD, 
2013). Therefore, the African Union (AU) chose to make 
agriculture one of the pillars of  the  New  Partnership  for 

African Development (NEPAD). It is geared towards 
contribution to development goals such as poverty 
eradication through improved crop production, job 
creation and boosting Africa trade and investments. 
Potato  (Solanum  tuberosum L.), being the world’s fourth  
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largest crop after maize, wheat and rice is universally 
significant (IYP, 2008). The crop is cultivated in tropical 
and subtropical regions of the world and can grow from 
sea level up to over 4,000 m above sea level (Wurster, 
1977). Production and consumption have increased 
significantly in recent years mainly through expansion of 
cultivated areas (Devaux et al., 2014).  

Processing of potatoes into food products has become 
increasingly important in African urban areas. Therefore, 
potato is a significant crop in Africa and its year-round 
production a common feature in many African countries 
which gives it a great potential for providing food security. 
At present, developing countries produce more potatoes 
than developed countries. In Sub-Saharan Africa, India 
and China, production continues to rise with the total 
production being close to 250 million tons up from 35 
million tons in 1960 (Haverkort and Struik, 2015). In 
Kenya, potato is the second most important food and 
cash crop mainly grown by small-scale farmers (Laititi, 
2014; Muthoni et al., 2013). It provides nutritional benefits 
such as vitamin C and provides employment for more 
than 2.5 million people (Kaguongo et al., 2013). Varieties 
available in Kenya include ‘Shangi’, ‘Tigoni’, ‘Asante’, 
‘Ambition’, ‘Rudolf’, ‘Kenya Mavuno’ among others. The 
first two are some of the most preferred varieties in 
Kenya, due to their, taste, versatile use, short dormancy 
period and fast maturity of approximately three months 
(NPCK, 2015).  

Late blight (LB) caused by the oomycete Phytophthora 
infestans, is the most devastating disease of potato in the 
world. It is a major biotic constraint to production and has 
been observed by farmers as a problem that causes 
heavy economic losses that can be as high as 90% if the 
disease strikes early in the growing season (Ssengooba 
and Hakiza, 1999).  P. infestans is an economically 
important pathogen that was responsible for the Irish 
potato famine in 1840 which led to the death of 1 million 
people and the migration of 1.5 million others (Schumann 
and D’Arcy, 2005). Loss of potatoes due to LB in the 
world has been estimated at 5.2 billion euros per annum 
(Haverkort et al., 2009). Susceptible potato varieties 
require fungicide application as the only option to control 
the disease. However, the cost of fungicide, machinery 
and labor are unaffordable to resource poor farmers. 
Furthermore, fungicide resistance is on the rise and the 
population structure of P. infestans in East Africa is 
changing (Njoroge et al., 2016). 

LB infection can be delayed by the use of certified 
seeds and through crop rotation (Hannukkala et al., 
2007); but the most cost-effective way to control any 
plant disease is by host resistance since this offers 
prevention from the disease. Thus, conventional breeding 
has long been pursued for the development of host 
resistance. However, it takes several decades to obtain 
resistant cultivars from the first cross with resistant wild 
species and these varieties still suffer from linkage drag 
of undesirable alleles from wild relatives (Haverkort et al.,  

 
 
 
 
2009). Resistant cultivars often use single R gene-based 
resistance which is rapidly overcome by virulent P. 
infestans strains that have a compatible interaction with 
the resistant plants (Vleeshouwers et al., 2000).  

Several R genes against P. infestans originating from a 
wide variety of wild species have been isolated in the last 
decade such as RB (same as Rpi-blb1) and Rpi-blb2 
genes from Solanum bulbocastanum, a Mexican wild 
species, and Rpi-vnt1.1 from S. venturii, an Argentinean 
wild species. The latter has three similar allelic variants; 
Rpi-vnt1.1, Rpi-vnt1.2 and Rpi-vnt1.3. These R genes 
confer extreme resistance to P. infestans but have not 
been extensively used in potato breeding due to the time 
lag to produce acceptable varieties and the short-lasting 
resistance mediated by single R genes (Vleeshouwers et 
al., 2011). Consequently, no virulent strains of P. 
infestans have been selected which make these genes 
likely to confer a longer lasting resistance than those 
previously introduced into potato varieties such as those 
from S. demissum.  

Numerous R genes have been cloned and can be 
stacked in existing potato varieties which would result in 
new LB resistant varieties, in a much shorter time with 
longer lasting resistance and no linkage drag. This 
strategy has been explored and achieved extreme 
resistance to late blight disease (Zhu et al., 2012; 
Ghislain et al., 2018). Interestingly, Haesaert et al., 
(2015) showed that by stacking several R genes (Rpi-
sto1, Rpi-vnt1.1 and Rpi-blb3), complete resistance to P. 
infestans was achieved in the field whereas ‘Desiree’ 
transgenic events transformed with single R genes only 
achieved partial resistance. Though their study covered 
only 2 to 3 years, plants with stacked R genes appeared 
more stable than the single R gene plants which got 
infected with virulent isolates during their field 
experiments. 

Each of the three R genes, belonging to the nucleotide-
binding site (NBS) and leucine rich repeats (LRR) 
domains, expresses proteins that recognize P. infestans 
AVR-BLB1, AVR-BLB2 and AVR-VNT1 effectors, 
activating the extreme resistance known as effector-
triggered immunity (ETI; Oh et al., 2009). The ETI is 
characterized by a hypersensitive response (HR) and 
associated disease-resistance responses (Oh et al., 
2014). The 2A_1 clonal lineage of P. infestans is the 
dominant genotype in Kenya that has completely 
displaced the old US-1 lineage on potato (Njoroge et al., 
2016). 2A_1 is also rapidly spreading in the other east 
African countries and was also the only clonal lineage 
used for bioassays in this study. This P. infestans lineage 
expresses all the three corresponding AVR-BLB1, AVR-
BLB2 and AVR-VNT1 effectors in the field and therefore 
will not be able to overcome quickly these 3R transgenic 
varieties (Ghislain et al., 2018).  

In this study, 3 R genes was introduced as a stack 
made of genes from wild relatives of S. tuberosum (RB 
and Rpi-blb2 from S. bulbocastanum and Rpi-vnt1.1 from  
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Figure 1. T-DNA carrying the 3 R genes (Rpi-blb2, RB, and Rpi-vnt1.1) and the selectable marker gene (nptII) used for 
transformation of potato. The T-DNA is a 18,585 bp long insert of the potato binary vector pCIP99 (24,819bp). PCR amplicons 
used to determine completeness of the inserted T-DNA are indicated by black lines. Positions of the EcoRI sites are indicated by 
dotted lines and numbers written below. The nptII probe which has been used for Southern blotting is indicated in red. 

 
 
 
S. venturii) into African farmer-preferred potato varieties 
‘Tigoni’ and ‘Shangi’. Detached-leaf assay versus whole-
plant leaf assay was tested to predict the level of 
resistance to late blight. Finally, the gene expression of 
each of the three R genes in transgenic events, from both 
varieties was analyzed. 

 
 

MATERIALS AND METHODS 
 
Construction of the 3R potato gene construct 
 
The pCIP99 gene construct is described elsewhere (Ghislain et al., 
2018). Briefly, the backbone vector is the pCAMBIA2300 plant 
transformation binary vector (vector provided by CAMBIA Australia) 
in which from the left border to the right border, the nptII gene in 
transcription orientation was inserted toward the left border and the 
three R genes in transcription orientation towards the right border 
(Rpi-vnt1.1, RB and then Rpi-blb2). The full size of the T-DNA is 
18,585 bp whereas the resulting plant transformation vector pCIP99 
is 24,819 bp long (Figure 1). The vector pCIP99 was then 
transferred by electroporation into the Agrobacterium tumefaciens 
hypervirulent strain EHA105 (Hood et al., 1993).  
 
 
Agrobacterium-mediated transformation of ‘Tigoni’ and 
‘Shangi’ varieties 
 

Internodal explants from 4-week-old plantlets were used for 
transformation using previously published protocol with minor 
modifications (Cuellar et al., 2006). The Agrobacterium tumefaciens 
EHA105 strain bearing pCIP99 was incubated for 15 h at 28°C in 
LB semi-solid medium containing 100 mg/L kanamycin. A single 
colony was taken with a scalpel and then used to cut internodal 
explants of potato plantlets of the ‘Tigoni’ and ‘Shangi’ varieties. 
The infected internodes were placed on co-culture medium and 
subsequently transferred to regeneration medium (Cuellar et al., 
2006) containing 50 mg/L  kanamycin  and  200 mg/L  carbenicilllin. 

To avoid false kanamycin resistant regenerants, calli were induced 
from leaf segments of the putative transgenic plantlets and cultured 
for 4 weeks on a highly selective medium (4.3 g/L salt Murashige 
and Skoog, 20 g/L sucrose, 20 g/L mannitol, 0.5 g/L 2-(N-
Morpholino) ethanesulfonic acid, 0.5 g/L polyvinylpyrrolidone, 0.2 
g/L glutamine, 0.04 g/L adenine sulfate, 1 ml/L of vitamins GAP, 1 
mg/L naphthalene acetic acid, 0.1 mg/L 6-Bencyl-aminopurine, 200 
mg/L kanamycin, and 2 g/L Gelrite, pH 5.6) under in vitro 
propagation conditions. Plantlets that did not form calli were 
deemed false kanamycin resistant regenerants and discarded. 
 
 
Molecular characterization by PCR 
 
Genomic DNA was extracted from putative transformed plants 
using a phenol-chloroform extraction method (Gawel and Jarret, 
1991). To confirm the presence of the T-DNA in putative ‘Tigoni’ 
and ‘Shangi’ events, primers overlapping the region between RB - 
Rpi-blb2 and RB - Rpi-vnt1.1, and primers overlapping the left and 
right border regions flanking the T-DNA insert, were designed and 
used for PCR amplification (Table 1). Conventional PCR was done 
in a GeneAmp® PCR System 9700 (Applied Biosystems, USA) 
under the following conditions: 94˚C for 5 min followed by 40 cycles 
of 94˚C for 30 s, 55˚C for 30 s and 72˚C for 1 min then 72˚C for 10 
min and 10˚C hold.  

 
 
Copy number analysis by Southern blot 

 
Genomic DNA was extracted using a modified protocol of Gawel 
and Jarret (1991). 40 µg of the DNA was digested using EcoRI 
enzyme (20,000 U/ml EcoRI-HFTM NEB#R3101S) with 14 μL 
CutSmart Buffer 10X (NEB #B7204S) and 80 μL nuclease-free 
water to a final reaction volume of 200 μL. The DNA was digested 
overnight at 37°C and then separated in 0.8% agarose for 4 h at 55 
V/20 cm. DNA was transferred to a positively charged nylon 
membrane (Roche) overnight by capillary method. Non-transgenic 
genomic DNA restricted by EcoRI was used as negative control and 
a  transgenic  event  (Vic.1)  by  Ghislain  et   al.   (2018)  previously  
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Table 1. Primer sequences for molecular characterization of transgenic events. 
 

Target region Primer name Primer sequence Tm (℃) Expected size (bp) 

RB-Rpi-Vnt1.1 Overlap 
RB-Vnt1F AAAAAGAAGATTTCATGCGC 55 

363 
RB-Vnt1R CATTTTGGTTCATGAGTTCA 55 

RB-Rpi-Blb2 Overlap 
RB-blb2F GCTGCGTTAATTATTTACAT 55 

587 
RB-blb2R GTTGGTTGATTACTTGAACT 55 

nptII gene 
35SNPTIIF TCCTGTCATCTCACCTTGCTCC 60 

400 
35SNPTIIR ACGATTCCGAAGCCCAAACC 60 

Left Border 
GSPc_LB TCTCCATAATAATGTGTGAGTAGTTCCC 67 

250 
LB_R CAGCTTAGTTGCCGTTCTTCCG 67 

Right Border 
GSPb_RB ACCGATCGCCCTTCCCAACAGTTG 67 

250 
RB_R CACTATAGCAGCGGAGGGGTTG 67 

RB gene transcript 
qRT-RB-F CACGAGTGCCCTTTTCTGAC 60 

132 
qRT-RB-R ACAATTGAATTTTTAGACTT 60 

Rpi-blb2 gene transcript 
qRT-Rpi-blb2-F TTCAAAACCCCAAATAAGTTTCAAC 60 

214 
qRT-Rpi-blb2-R CCATGCTTGCTGTACTTTGCA 60 

Rpi-vnt1.1 gene transcript 
qRT-Rpi-vnt1.1-F GGTAAGGTATTGGCTCTG 60 

81 
qRT-Rpi-vnt1.1-R CTTCTCAGCAATCCACATA 60 

β-tubulin gene transcript 
β-tubulin F ATGTTCAGGCGCAAGGCTT 60 

104 
β-tubulin R TCTGCAACCGGGTCATTCAT 60 

 
 
 
proven to be single copy was used as a positive control. A 
Digoxigenin (Roche) labelled probe was made according to the 
manufacturer’s instructions.  
 
 
P. infestans isolate collection and purification 
 
P. infestans isolates used in this study were collected from farmers’ 
fields in major potato growing regions in Kenya including Kiambu 
(Limuru and Muguga), Molo (Elburgon, Turi and Kapsita) and Meru 
(Timau, and Kibirichia). Single lesion leaflets from different farms 
were collected during the potato-growing season of June to July 
2016. The leaflets were taken to the laboratory at BecA/ILRI hub in 
Kenya for pathogen isolation. The diseased leaflets were washed 
under running tap water, tapped dry on paper towels and then 
incubated overnight at 18˚C in humid chambers (Petri dishes with 
moist paper) to induce sporulation of P. infestans. To obtain axenic 
cultures of the pathogen, fresh potato tubers of the susceptible 
variety Asante were cleaned under running tap water and 
disinfected in 10% bleach (commercially referred to as Jik; Reckitt 
Benckiser®) for ten minutes. A sterilized pocket knife was used to 
cut potato tuber slices of ~1 cm thickness in a laminar flow hood. 
Approximately 10 mm of the sporulating leaflets were cut and 
placed beneath the potato tuber slices in clean petri dishes. The 
petri dishes were sealed with Parafilm and kept at 18°C until 
mycelia grew through the tuber slices. Mycelia were then 
transferred to modified V8 agar media made as follows.  120 g of 
ripened tomatoes, 200 g of fresh carrots and 4 g of clean and 
young potato leaves were cut to small pieces and blended in 1 L 
distilled water. The mixture was sieved to obtain the filtrate that was 
measured to 200 mL in a glass measuring cylinder. The 200-mL 
filtrate was then mixed with 15 g of technical agar (Oxoid Agar No. 
3TM LP0013), 3 g of calcium carbonate (Uni-Chem Calcium 
Carbonate powder) and 50 mg of β-sitosterol (Sigma). The mixture 
was topped up to 1 L and autoclaved at 121˚C for 15 min. After 
cooling, the media was dispensed into petri dishes and P. infestans 
isolates were maintained in culture. The cultures were observed 
under a microscope  at  a  total magnification  of  40X (4X * 10X)  to 

confirm that the isolates were P. infestans based on morphological 
descriptors. This was done by observing the presence of the 
characteristic lemon shaped sporangium that is found in P. 
infestans and the aseptate tubular hyphae that are found in 
oomycetes. All the isolates selected for detached-leaf assay had 
the P. infestans characteristics.  
 
 
Inoculum preparation 
 
Inoculum was made by adding 5 mL of distilled water to the culture 
plates and gently scraping off mycelia using sterile blades. The 
mycelial fragments were then transferred to clean Falcon® tubes 
containing 15 mL distilled water, vortexed for about 5 min and then 
sieved through four layers of cheesecloth. The resulting sporangia 
suspension was quantified using a haemocytometer and afterwards 
standardized to a concentration of 20,000 sporangia/mL. The 
sporangia suspensions were incubated at 4˚C for 3 to 4 h to induce 
the release of zoospores. Presence of viable zoospores was 
confirmed under the microscope before the inoculations were 
performed. 
 
 
Detached-leaf assays 
 

Detached-leaf assays were done using the method described by 
Knapova and Gisi (2002). Leaf materials of uniform size from 
‘Tigoni’ and ‘Shangi’ transgenic events and non-transgenic varieties 
were obtained from glasshouse grown plants at 45 days after 
planting. These were cleaned with distilled water and placed 
abaxial side up in 9 cm petri dishes containing moistened paper 
towels. Three isolates from Kiambu, Molo and Meru labelled, isolate 
1 (Latitude 1˚10’52.08949” S; Longitude 36˚38’39.49569” E 
Elevation 2,142 m), isolate 2 (S 00’15’22.3”, E 035’42’58.1” 
Elevation 2,533 m) and isolate 3 (S 00’05’11.3”, E 037’35’43.6” 
Elevation 1,904 m) respectively were selected for the initial 
detached-leaf assay (DLA). For each isolate, five Petri dishes 
containing a  single leaflet per potato event were used. Four leaflets  



 

 
 
 
 
per event were inoculated at the midrib with 50 µL droplet of the 
20,000 sporangia/mL suspension, while the fifth leaflet was 
inoculated with 50 µL droplet of sterile distilled water as a check 
leaflet. After inoculation, each set of five Petri dishes per isolate for 
each event was placed in transparent plastic bags and sealed to 
maintain humidity. The Petri dishes were then incubated at 18˚C for 
7 days with a 12 h photoperiod and 80% relative humidity. The leaf 
affected area (LAA) was assessed visually on the 7th day and was 
defined as the necrotic plus green area covered with sporangia. 
The size of the affected area was measured using a Vernier digital 
caliper. This experiment was repeated once for events that 
exhibited low or no infections. The repetition was done to verify that 
indeed the resistant events from the first assay would hold their 
resistance when inoculated with different isolates. The second 
assay was done using isolates from Kiambu and Meru labelled 
isolate 4 (Latitude 1˚10’52.08949” S; Longitude 36˚38’39.49569” E 
Elevation 2,142 m) and 5 (S 00’05’11.3”, E 037’35’43.6” Elevation 
1,904 m) respectively. The length and width of the LAA of individual 
leaflets was measured in millimeters and used to calculate the 
average percentage of the leaf affected area using the formula 
(π*a*b) which calculates the area of an ellipsoid. π is the 
mathematical constant ‘pi’, ‘a’ is the radius of the length and ‘b’ is 
the radius of the width. Analysis of variance (ANOVA) was 
performed to measure the variation in resistance of the potato 
events to P. infestans isolates. The resistance scale of 0 to 9 (0 
being the most resistant and 9 being the most susceptible) of Yuen 
and Forbes, 2009, was used as follows: 
 
Standard scale= (Severity of test plant ∕ Severity of control plant) *9 
 
The average of the two experiments was used to determine the 
resistance scale values since the experiment was repeated once.  
 
 
Whole-plant assays 
 
These assays were done according to the method adapted from 
Sharma et al., (2013). Transgenic events were grown from first 
generation tuber seeds in the glasshouse with three replicates for 
each event and a non-transgenic control for each. At six weeks, the 
plants were moved to a controlled environment (CONVIRON, Argus 
controls) chamber prior to inoculation. The inoculum was made and 
quantified as previously described but consisted of mixed sporangia 
of five isolates from Muguga and Meru at a final concentration of 
20,000 sporangia/mL. Inoculations were performed by spraying the 
test plants with the sporangial suspensions using a hand-held 
sprayer until all the leaves were wet. The plants were covered with 
a transparent plastic bag until 24 h after inoculation to maintain high 
humidity and enhance the infection process. The Conviron chamber 
was maintained at a relative humidity of between 80 and 100% with 
a 12 h photoperiod and temperatures of 18°C for 10 days. Plants 
were misted once daily with sterile distilled water and were 
monitored every day until the experiment was terminated. The 
severity of infection was recorded as a percentage of foliage area 
that was affected 10 days post inoculation (dpi). The same 
resistance scale used for the DLA was used to assign resistant 
score values in this WPA. 
 
 
R gene expression  
 
Transcript level of the Rpi-vnt1.1, RB, and Rpi-blb2 genes in the 
transgenic events was done from infected plants by RTqPCR. The 
analysis was done at two-time points (1 day before inoculation 
referred to ‘Day 0’ and 3 days after inoculation referred to ‘Day 3’). 
RNA was extracted using the RNeasy plant minikit (Qiagen) from 
the infected leaves which had been frozen with liquid nitrogen and 
stored at -80°C. Three repetitions of samples and  RNA  extractions  
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(biological replicates) per treatment were done. The extracted RNA 
concentration was estimated by spectrophotometry using a 
NanoDrop Micro Photometer (Thermo Scientific). cDNA was 
synthesized using the AccuPower® CycleScript RT kit (Bioneer) 
following the manufacturer´s protocol. To assess the relative 
expression values of each of the 3R genes, qPCR reactions were 
set up using Luna® Universal Probe qPCR Master Mix with gene 
specific primer sets (Table 1) and qRT-Rpi-vnt1.1-F and qRT-Rpi-
vnt1.1-R for Rpi-vnt1.1 gene (Roman et al., 2017), qRT-RB-F and 
qRT-RB-R for RB gene (Kramer et al., 2009), qRT-Rpi-blb2- and 
qRT-Rpi-blb2-R for Rpi-blb2 gene (EPA 2006). The RTqPCR was 
normalized to β-tubulin housekeeping gene with primer β-tubulin F 
and β-tubulin R (Kramer et al., 2009) (Table 1). All reactions were 
prepared in a total volume of 10 µl using Luna® Universal qPCR 
Master Mix (New England Biolabs) as follows: 5 µl of Luna® qPCR 
master mix, 0.5 µl of each primer (2.5 µM), 1 µL of cDNA and 3 µl 
of nuclease free water. The RTqPCR was done as follows; initial 
denaturation at 95°C for 10 min followed by 40 cycles of 95°C or 15 
s and 60°C for 1 min. The melting curve was run at 95°C for 15 s, 
60°C for 1 min, 95°C for 30 s and 60°C for 15 s. Data was analyzed 
using DataAssistTM Software (Applied Biosystems). 
 
 
RESULTS 
 
Agrobacterium-mediated genetic transformation  
 
3,000 internodes from both ‘Tigoni’ and ‘Shangi’ varieties 
were agro-infected. 282 putative transformed shoots was 
regenerated for ‘Tigoni’, of which 76 were confirmed to be 
highly resistant to kanamycin which represents a 
regeneration efficiency of 9.4%. In the case of ‘Shangi’, 
we regenerated 328 putative transformed shoots, of 
which 108 were confirmed to be highly resistant to 
kanamycin representing a regeneration efficiency of 
10.9%. PCR was performed on 76 ‘Tigoni’ and 108 
‘Shangi’ putative events. 32 ‘Tigoni’' and 31 ‘Shangi’ 
events were confirmed to be positive for the nptII gene 
which represents a transformation efficiency of 1.1% for 
‘Tigoni’ and 1% for ‘Shangi’. This transformation 
efficiency was lower than that reported by Orbegozo et 
al., (2016) of approximately 6% and Roman et al., (2017) 
at 7.5% for the Desiree variety transformed with Rpi-blb2 
and Rpi-vnt1.1 single gene construct. However, the 
efficiency was comparable to that reported by Ghislain et 
al. (2018) at 1.5% for Victoria variety transformed with the 
same 3R-gene construct.  
 
 
Molecular characterization of transgenic plants 
 

PCR with overlapping primers to detect all the 3 R genes 
resulted in 22 ‘Tigoni’ and 13 ‘Shangi’ positive events. 
These transgenic events were further screened for the 
absence of vector backbone sequences by PCR. 13 
‘Tigoni’ and 12 ‘Shangi’ events did not have vector 
backbone sequences. Southern blot analysis was done 
on these 25 transgenic events to determine the transgene 
copy numbers using a 35S-nptII gene specific probe. 5 
‘Tigoni’ and 5 ‘Shangi’ (40%) events had single copies of 
the T-DNA  while  the  rest had multiple copies (Figure 2).   
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Figure 2. Southern blot analysis of DNA restricted by EcoRI using nptII gene as a probe from 
transgenic events from the variety ‘Shangi’ (sample 1 to 5) and ‘Tigoni’ (sample 6 to 8), non-
transgenic ‘Tigoni’ variety (sample 8) and Vic.1 (sample 9) transgenic event containing a single 
copy as positive control. ‘M’ is the DIG labeled molecular size marker. 

 
 
 

Table 2. ANOVA analysis at a P-value of 0.05 comparing the variation of individual transgenic events to isolates 1, 2 and 3.  
 

ANOVA: Single factor       

Source of Variation SS df MS F P-value F crit 

Between events
a
 42144.38 23 1832.36 21.75 3.87071E-18 1.76 

Within events
b
 4044.33 48 84.26    

Total 46188.71 71     
 

a
Differences amongst events as affected by different isolates 1,2 and 3; 

b
Differences between events as affected by individual isolates; P 

values less than the alpha value (α=0.05) indicate significant variation while values greater than the alpha value do not. 

 
 
 
This result was comparable to the result obtained by 
Ghislain et al. (2018) where 50% of the events had single 
T-DNA copies.  
 
 
Detached-leaf assay to rapidly identify the late blight 
resistant transgenic events  
 
The 13 ‘Tigoni’ and 12 ‘Shangi’ transgenic events that 
were positive for the 3R-gene stack were evaluated for 
resistance to P. infestans together with their non-
transgenic equivalent varieties. Three P. infestans 
isolates were used for the first DLA and two isolates for 
the second DLA all being from the dominant 2A_1 clonal 
lineage in Kenya as reported by Njoroge et al., (2016). 
ANOVA results in Table 2 show how individual transgenic 
events exhibited resistance to inoculation by P. infestans 
isolates 1, 2 and 3 in the first assay. The output of the 
results showed highly significant differences (P ≤ 0.05) 
amongst the events in the first DLA. Out of 25 events, 19 
(76%) exhibited resistance ranging from  0  to  3%  of  the 

average leaf affected area by LB at 7 days after 
inoculation. This number of resistant events was 
comparable to what was reported by Ghislain et al. 
(2018) where 75% of transgenic events transformed with 
this 3R gene construct were highly resistant to P. 
infestans. The non-transgenic ‘Tigoni’ and ‘Shangi’ 
varieties were completely susceptible. Transgenic events 
that showed susceptibility with a resistance scale values 
of 6-9 (Tig.8, Tig.16, Tig.141, Tig.225, and Sha.6) had 
multiple lesions with heavy sporulation. These events 
with susceptibility to late blight based on the first DLA 
results were not included in the second DLA. Results of 
the first and second assay are represented in Figure 3 
where a few events exhibited susceptibility to LB in the 
first DLA.  

The average of the resistance values in the first and 
second assay was used to calculate resistance values of 
the events. Of the 25 events tested, 19 exhibited high 
resistance (Table 3). The remaining five events were 
susceptible with visible lesions and sporulation. As 
expected,  the  two  non-transgenic  controls  were  highly  
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Figure 3. Detached-leaf assay of the high and low lesion transgenic events 
tested in the first (A) and second (B) assay showing the average percent of leaf 
affected area by Phytophthora infestans isolates 1, 2 and 3 (first DLA) and 4 
and 5 (second DLA) for each genotype of ‘Tigoni’ (Tig), ‘Shangi’ (Sha) 
transgenic events and non-transformed controls (NTC). The average percent of 
leaf affected area was calculated based on the area of the lesions.  

 
 
 

susceptible and high sporulation was evident. 
 
 
Whole-plant assay on DLA late blight resistant 
transgenic events  
 
Results of the whole-plant assay were comparable to 
those of the DLA. Six transgenic events (Tig.155, Tig.267, 
Sha.259, Sha.2, Sha.105, and Sha.248) randomly 
chosen from the 20 DLA-based resistant transgenic 
events, were tested  in  a  single  WPA  and  all  exhibited 

complete resistance to LB with no infection (Figure 4). 
The non-transgenic ‘Tigoni’ and ‘Shangi’ varieties 
developed lesions at 3 days post infection (dpi) and at the 
end of the assay (10 dpi) the plant foliage had well over 
80% infection. These results were like those observed by 
Ghislain et al. (2018) where transgenic events were all 
resistant to LB in WPA. This observation extended to the 
field where transgenic events that exhibited resistance in 
WPA maintained their resistance and non-transgenic 
varieties got LB (Ghislain et al., 2018). The percentage of 
damaged area  varied  much  less  among  repetitions for  
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Table 3. Resistance scores of ‘Tigoni’ and ‘Shangi’ transgenic events infected by Phytophthora infestans isolates in detached-leaf 
assays on a resistance scale of (0-9); 0 being highly resistant and 9 being highly susceptible. 
 

Genotype
a Average % of leaf 

affected area
b 

Standard scale 
values

c Genotype
a Average % of leaf 

affected area
b 

Standard scale 
values

c 

TIGONI SHANGI 

Tig.6 0.29 0.04 Sha.2 0.79 0.09 

Tig.8 70.96 8.54 Sha.6 59.73 6.80 

Tig.16 70.96 8.54 Sha.8 1.46 0.17 

Tig.76 0.48 0.06 Sha.21 1.52 0.17 

Tig.106 0.11 0.01 Sha.102 1.94 0.22 

Tig.141 51.03 6.14 Sha.105 0.51 0.06 

Tig.155 1.45 0.17 Sha.142 0.38 0.04 

Tig.225 65.84 7.92 Sha.229 0.39 0.04 

Tig.226 0.57 0.07 Sha.248 0.99 0.11 

Tig.254 0.28 0.03 Sha.259 3.51 0.40 

Tig.261 0.38 0.05 Sha.271 1.14 0.13 

Tig.266 0.07 0.01 Sha.277 0.63 0.07 

Tig.267 0.30 0.04 Shangi (NTC) 79.08 9.00 

Tigoni (NTC) 74.77 9.00    
 
a
Potato genotypes inoculated with P. infestans; 

b
Average leaf affected area that formed lesion after the 1

st
 and 2

nd
 detached-leaf assays; 

c
Values indicating the level of susceptibility/resistance of transgenic potato genotypes to P. infestans; Tig - Tigoni, Sha – Shangi and NTC - 

non-transgenic control. 

 
 
 
the WPA than for the DLA and between replications for 
the non-transgenic varieties. Therefore, the WPA as a 
more reliable screening method for late blight resistance 
was considered.  
 
 
R gene expression of transgenic events 
 
Expression study of Rpi-vnt1.1, RB and Rpi-blb2 genes 
was done by RT-qPCR on 17 transgenic events (9 for 
‘Tigoni’ and 8 for ’Shangi’) that were available for RNA 
extraction and had been tested as highly resistant by 
detached-leaf assays. β-Tubulin housekeeping gene 
demonstrated stability in expression and was therefore 
used for relative comparison to the target genes 
expression. Different transgenic events showed different 
patterns of expression at day 0 and day 3. The Rpi-vnt1.1 
gene showed a lower basal expression level compared to 
β-tubulin at day 0 in 15 out of 18 transgenic events and 
was always the lowest of the 3 R genes. The RB gene 
showed a higher basal level of expression in 13 out of 18 
transgenic events compared to β-tubulin and presented 
for all of them a higher expression 3 days after infection. 
The Rpi-blb2 gene showed a higher basal level of 
expression compared to β-tubulin at day 0 in all 
transgenic events and was overall the R gene with 
slightly higher expression but with the lowest induced 
expression than the other 2 R genes. Twelve transgenic 
events showed an increase in expression after 
inoculation for all the three R genes. Five events 
(Tig.266,  Sha.102,  Sha.142  and  Sha.229)  indicated  a 

lower R gene expression in comparison to the reference 
gene expression for at least one of the three R genes 
after inoculation. There was insignificant change in 
expression levels of the RB gene for two transgenic 
events (Tig.76 and Sha.229). Different levels of 
expression of the three R genes were observed in 
different transgenic events. In some cases, expression 
levels were enhanced after inoculation and in other 
instances expression levels were diminished in one or all 
the three R genes after inoculation (Figure 5).   
 
 
DISCUSSION  
 
In this study, the ability of a 3R-gene stack containing 
Rpi-vnt1.1, RB, and Rpi-blb2 genes was assessed to 
provide extreme resistance against P. infestans in 
farmer-preferred potato varieties ‘Tigoni’ and ‘Shangi’. 
These varieties are popular in Kenya but are also grown 
in neighboring east African countries. The researchers 
decided to use the 3R-gene stack that had been shown 
to confer extreme resistance to P. infestans on the 
transgenic events from another farmer preferred variety 
‘Victoria’ in Uganda as described by Ghislain et al. 
(2018). The resistance of 3R transgenic events of ‘Tigoni’ 
and ‘Shangi’ was characterized by a total absence of 
symptoms of LB after detached-leaf and whole-plant 
assays indicating a successful defense response. It was 
observed that the detached-leaf assay predicts very well 
the resistance in the whole-plant assay. In addition, the 
study  demonstrated  that  the resistant transgenic events  
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Figure 4. Damaged Shangi non-transgenic control (NTC) and two healthy 
Shangi transgenic plants (3R) 10 days-post-inoculation with P. infestans. 

 
 
 
display an increase in expression of at least one of the 
three R genes.  

In the Agrobacterium-mediated genetic transformation, 
a transformation efficiency of 1.1% was obtained for 
‘Tigoni’ and 1% for ‘Shangi’ which was lower compared to 
those reported previously at 3.4, 2.8, 6 and 7.5% for the 
variety Desiree (Ghislain et al., 2018; Ahmad et al., 2012; 
Orbegozo et al., 2016; Roman et al., 2017). However, 
this was similar to that reported for the variety ‘Victoria’ at 
1.5% (Ghislain et al., 2018). This observation confirms 
that transformation efficiency is genotype dependent and 
lower for larger T-DNA (Heeres et al., 2002). A 
regeneration efficiency of 9.4% was obtained for ‘Tigoni’ 
and 10.9% for ‘Shangi’ which is within the range of those 
reported previously by Orbegozo et al. (2016) at 9.5% 
and Roman et al., (2017) at 13% for the ‘Desiree’ variety 
transformed with Rpi-blb2 and Rpi-vnt1.1 single gene 
constructs. This does not seem to indicate a significant 
difference in the regeneration efficiency of these two 
varieties. 

The DLA technique was used for the first time in Kenya 
to evaluate resistance of potato to P. infestans infection 
in addition to WPA that had previously been used by 
Ghislain et al. (2018). It is demonstrated herein that 
detached-leaf bioassays can be used to quickly 
determine the level of LB resistance in transgenic potato 
events. For the first DLA, all the events that showed 
resistance were equally resistant to all three isolates. The 
resistant transgenic events were tested for the second 
time using 2 isolates and they similarly showed equal 
resistance. DLA facilitates handling of many plant 
genotypes  and   allows    individual    genotypes    to   be 

challenged with several pathogen isolates. Noteworthy, 
the first and second assays gave slightly different results 
in that, the transgenic events exhibited a higher 
resistance in the second assay. Eight of the transgenic 
events had no infection (0% of leaf affected area) in the 
second assay while they exhibited a low but visible % of 
leaf affected area in the first assay. This difference could 
be attributed to the decrease in pathogen aggressiveness 
during the lapse of time between the first and the second 
assay. While the first assay was performed when the 
isolates were freshly isolated from the field, the second 
assay was performed one month after the first DLA 
raising the possibility that the isolates had reduced 
aggressiveness. Aggressiveness of isolates is usually 
reduced when an isolate is frequently cultured in the 
laboratory, additionally, different isolates differ in 
aggressiveness, but the differences tend to be smaller in 
genetically similar populations (Cooke et al., 2006). A 
slight difference was observed between the WPA and the 
DLA where the events that had exhibited hypersensitive 
response in DLA, exhibited extreme resistance in the 
WPA. This could be attributed to the different 
physiological states of the plants. It is expected that all 
the transgenic events that exhibited resistance in the 
WPA will exhibit extreme resistance in the field since 
Sharma et al., (2013) and Ghislain et al. (2018) observed 
that transgenic events that exhibited partial resistance in 
the glasshouse were completely resistant in the field. 
This was anticipated due to a lower natural inoculum 
pressure in the field compared to that used for DLA or 
WPA at 20,000 sporangia/ml. Additionally, field conditions 
cannot    be   controlled   where   sub-optimal   conditions 
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Figure 5. Relative quantification (RQ) plot of expression profiles of each of the R genes before P. 
infestans inoculation at day 0 and day 3 after inoculation for highly resistant transgenic events from 
‘Tigoni’ and ‘Shangi’. Figure A contains ‘Tigoni’ transgenic events and B has ‘Shangi’ transgenic 
events. Green bars represent Rpi-vnt1.1 gene, blue bars represent RB gene and brown bars represent 
Rpi-blb2 gene. Bars of the lighter shade represent day 0 and the darker shade represent day 3. 

 
 
 
lead to a lower infection potential. It is therefore evident 
from this work that DLA is a reliable method to rapidly 
identify transgenic events that have extreme resistance to 
P. infestans. This reduces the amount of time and 
resources needed to evaluate resistance of transgenic 
events. 

R gene expression was shown to be induced after 
inoculation with P. infestans, slowly decreasing over the 
subsequent three days (Kramer et al., 2009; 
Vleeshouwers et al., 2011; Orbegozo et al., 2016; Roman 
et al., 2017, Ghislain et al., 2018). In this study, there was 
significant variation in the expression levels of the three R  

 

 



 

 
 
 
 
genes before and after inoculation. Ghislain et al. (2018) 
reported that there were insignificant differences of gene 
expression at different time points for the unique highly 
resistant transgenic event studied. Here, R gene 
expression was assayed on 17 highly resistant transgenic 
events. Results showed enhanced expression after 
inoculation in two third of the transgenic events while it 
reduces slightly in others. This observation appears to be 
consistent with that observed by Millet et al., (2009) in 
nwhich RB gene transcript abundance varied in different 
transgenic lines which was attributed to the location in 
which the R gene was introduced.  

Five transgenic events that expressed a lower 
expression than that of the reference gene for at least 
one of their R genes still exhibited late blight resistance 
after inoculation. Millet et al., (2009, 2015) showed that 
disease resistance was affected by plant age and 
cultivar; even though R gene expression varied in young 
plants, they exhibited higher resistance in comparison to 
older plants and vice versa. In future analysis, screening 
of the transgenic events at more than two time points 
could provide more information on expression of the 
three R genes. Additionally, it would be important to do 
more experiments on R gene expression at different 
physiological stages of transgenic events. The pathogen 
induction of R gene expression behavior has been 
observed in many other plant species where expression 
of R genes has been enhanced after pathogen challenge 
(Kramer et al., 2009; Alice and Joy, 2016). However, due 
to the differences observed in the expression of the R 
genes before and after inoculation, the results do not 
support that an induction or high level of expression are 
necessary to obtain highly resistant transgenic events 
when using a 3R-gene stack.  

In conclusion, it was demonstrated here that the three 
R genes (Rpi-vnt1.1, RB and Rpi-blb2) from the wild 
species S. bulbocastanum and S. venturii can confer 
extreme, possibly stable and durable, resistance to LB in 
the potato varieties ‘Tigoni’ and ‘Shangi’ cultivated in east 
Africa. Out of 13 ‘Tigoni’ and 12 ‘Shangi’ transgenic 
events, at least 9 transgenic events from each variety 
that are highly resistant were identified. These events 
have single T-DNA copy insertions and do not have 
vector backbone sequence inserted which is also 
desirable for releasing these transgenic events as 
varieties. Field evaluations under natural infection by P. 
infestans are needed to confirm the extreme resistance to 
the local Pi population since host-pathogen interactions is 
always influenced by environmental factors. These 
extremely late blight resistant transgenic events have the 
potential to be eventually commercialized for food 
security and be used in breeding programs to develop 
other late blight resistance varieties. However, it is yet to 
be demonstrated that at least one of them has conserved 
the integrity of all three R genes and has not interrupted 
an allele of an essential gene of the potato. A LB 
resistant variety will be important  to  smallholder  farmers  

Webi et al.         855 
 
 
 
because farmers will realize increased yields and save on 
the costs of fungicides while reducing exposure of 
fungicides, thereby generating more revenue and 
improving their livelihoods. Genetic control of late blight in 
potatoes not only provides a strategy to improve food 
security but also boost economic development in Sub-
Saharan Africa where agriculture employs more than half 
of the total manpower and provides a livelihood for 
numerous small-scale producers (IMF, 2012). However, 
social acceptance of biotech or genetically engineered 
crops in Africa will need to improve, especially in 
countries where transgenic crops have not yet been 
introduced and where the regulatory environment is still 
under development (Chambers et al., 2014). 
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Characterization of products from sawdust degradation using selected microbial culture isolated from it 
was carried out. A composite sawdust waste sample was collected from MCC timber market in Calabar. 
The sample was diluted using serial dilution method and inoculated on Nutrient agar and Sabauraud 
dextrose agar using pour plate technique and incubated at 370C and 270C respectively. Five bacteria 
species and 3 species of fungi were identified which included Bacillus sp, Serracia mercescens, 
Micrococcus sp, Pseudomonas aeruginosa, Streptococcus sp, Aspergillus niger, Rhizopus sp and 
Penicillumsp. The bacteria and fungi species were individually and in combination inoculated into 
sterile sawdust containing sterile water. These were kept at 270C for 21 days. Protein, glucose contents 
and chemical components in the degraded sawdust samples were determined using GC-MS 
chromatography. It was observed that Aspergillus niger degradation had protein content 7.87g/l, 
Serracia mercescens and Aspergillus niger 6.56g/l, and Serracia mercescens 5.75g/l. These organisms 
used lignocellulolytic enzymes and similar enzymes in the degradation process. In the case of glucose, 
the combined degradation produced 2.24g/l, Aspergillus niger 2.05g/l and Serracia mercescens 1.94g/l. 
It was also observed that sawdust inoculated with Serratia marcescens produced 14 compounds while 
the combined species of Aspergillus niger and Serratia marcescens produced only 12 compounds. The 
following compounds Methylene cyclo propane carboxylic acid, Glycine N-Cyclopropylcarbonyl-methyl 
ester, acetic acid, propanoic acid, benzaldehyde, thiophene, tetrahydro, furfural and propanoic acid 2,2-
Dimethyl-2-ethylhexyl ester were detected from  the combination of Serratia marcescens and 
Aspergillus niger  though in different concentrations. The percent concentrations of the compounds 
from Serratia marcescens range from n-Hexadecanoic acid 3.59 to  Methylene cyclo propane carboxylic 
acid with 11.56 while Serratia marcescens and Aspergillus niger range from Butanoic acid, 4-chloro 3.59 
to  Benzaldehyde with 11.56. Microbial degradation of sawdust produced economically important 
products and therefore can contribute to the economy of this country at  the same time reduce pollution 
caused by it which is a novel. 
Key words: Sawdust, biodegradation, bioactive, extracts, microbial culture, lignocellulosic. 

 
 
INTRODUCTION 
 
Microbial biodegradation is the use of bioremediation and 
biotransformation   methods   to   harness   the   naturally 

occurring ability of microbial xenobiotic metabolism to 
degrade,    transform      or     accumulate   environmental  
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pollutants including hydrocarbons (example oil). 

Biodegradation is the process by which organic 
substances are broken down into smaller compounds by 
living microbial organisms or their enzymes (Godliving 
and Yoshitoshi, 2002). These organic substances can 
either be degraded aerobically with oxygen, or 
anaerobically without oxygen. Interest in the microbial 
biodegradation of agricultural wastes has intensified in 
recent years (Koukkou and Anna-Irini, 2011).  

Sawdust is a by-product of woodworking operations 
such as sawing, milling, planning, routing, drilling and 
sanding. These operations shatter lignified wood cells 
and break out whole cells and groups of cells. Shattering 
of wood cells creates dust known as sawdust. This dust 
causes a lot of health hazards (Baran and Teul, 2007; 
Zhang, 2004). It is composed of fine particles of wood 
made up of 3 major components, cellulose, 
hemicelluloses and lignin (Green, 2006; Alexander, 1997; 
Erikson et al., 1990). It is generally used for blotting 
material, hand cleaner, wood filler, compost, packing and 
for writing notes (Berendeohu, 2018). The general 
recalcitrance of cellulose, lignin and hemicelluloses and 
the importance of their biodegradation in the environment 
have received much attention for several years (Erikson 
et al., 1990). Raw sawdust takes an average of 180 days 
to decompose in the soil due to deficiency of nitrogen 
(Olayinka and Adebayo, 1989).  Microbial degradation of 
sawdust has been very difficult due to the presence of 
lignin, a highly recalcitrant component that does not 
degrade easily (Erkson et al., 1990). Despite this, Lennox 
et al. (2010) were able to degrade sawdust at certain 
degrees using microorganisms. Shide et al., (2004) 
reported that wood sawdust was degraded by Lentinus 
squarrosolus (Mont) singer, a basidiomycete also known 
as a white rot fungi to form protein, glucose and ethanol. 
Cellulose fibrils have high tensile strength which is used 
in the textile industry, paper and miscellaneous materials 
like vulcanized fibre, plastic filters, filtering media and 
surgical cotton; other uses include adhesives, explosives, 
thickening agents, coated paper, cellophane, artificial 
leather, films and foils (Hitchner and Leatherwood, 1982). 
This is to say that numerous products can be gotten from 
biodegradation of sawdust. Fungi of the classes 
hyphomycetes, zygomycetes, pyrenomycetes, 
hymenomycetes and the actinomycetes and bacteria of 
the groups Cytophage, Erwinia, Pseudomonas, 
Sporolytophaga, Xanthamonas and Streptomonas 
species degrade hemicelluloses (Lennox et al., 2010; 
Wuyep et al., 2012).  

This research is therefore aimed at characterization 
and identification of products of biodegradation of 
lignocellulosic material, sawdust  using  microbial  culture  

 
 
 
 
isolated from it. 
 
 
MATERIALS AND METHODS 

 
Samples collection 

 
Fresh and dry undecomposed sawdust composite samples were 
collected from MCC timber market, Calabar, Cross River State, 
Nigeria in sterile polythene bags and transported to the laboratory 
for analysis. 

 
 
Isolation and identification of indigenous bacteria and fungi 
involved in sawdust degradation 

 
Bacteria were isolated and identified by carrying out a ten-fold 
dilution of the wet decomposing sawdust as described by Lennox et 
al. (2010). Antifungal agent, nystatin was incorporated into nutrient 
agar. One milliliter of the diluted solution of the sawdust was plated 
and incubated at 37°C for 18 to 24 h. The discrete colonies were 
sub-cultured and stock cultures were prepared from the pure 
cultures and stored at 4°C until needed. The method of Anderson et 
al., (1973) was used in the isolation of fungi. One milliter from the 
dilution above was inoculated on potato dextrose agar and 
incubated at 27°C for 7 days. The discrete colonies were sub-
cultured and the pure cultures were stocked and stored until 
needed. The isolated colonies were characterized and identified. 

 
 
Purification and maintenance of isolates 

 
Each discrete colony on a Petri dish was transferred using a sterile 
inoculating loop into plates containing freshly prepared nutrient agar 
and were incubated at 37°C for 24 to 48 h, respectively. After 
incubation, the cultural characteristics of the isolates were recorded 
and compared with descriptive features contained in Bergey's 
Manual for Determinative Bacteriology (Holt et al., 1994). The 
isolates were then preserved on nutrient agar slants stored in the 
refrigerator at 4°C for biochemical characterization and 
identification. 

 
 
Biochemical characterization and identification of isolates 

 
The method of Oranusi et al., (2004) as modified was employed for 
the identification of the bacteria isolates while the fungal isolates 
were identified based on the taxonomic schemes described by 
Fawole and Oso (1988). Biochemical and sugar fermentation tests 
were used for the identification of the bacteria isolates. The 
biochemical tests carried out were: Catalase, methyl-red, oxidase, 
citrate utilization, coagulase, indole, coagulase and oxidase tests. 
The identities of the bacteria were confirmed using the identification 
aid outlined in Bergey's Manual for Determinative Bacteriology (Holt 
et al., 1994) as well as that of known taxa as described by 
Cheesbrough (2003). The fungal isolates were characterized based 
on colonial morphological features and microscopic examination 
using the Lactophenol cotton blue stained slide cultures and the 
results compared with fungal atlas. 
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Table 1. Cultural and morphological characterization of fungal isolates. 
 

Isolate code Colony morphology Microscopic morphology Organism 

PF1 

Growth begins as yellow colonies that soon develop 
a black, dotted surface as conidia are produce within 
26 days the colony becomes jet black and powdery 
and the reverse remains cream color 

Exhibits septate hyphae long 
conidiophores that support spherical 
vesicle that give rise to mutulae and 
phalides from which conidia are produce 

A. niger 

    

PF2 Black fluffy coloration with powdery appearance. 
Non-septate hyphae with 
sporangiophores 

Rhizopus sp. 

    

PF3 
Green colonies, surface of colonies becomes 
powdery due to presence of conidia 

Hyphae are septate and produce brush 
like conidiophores, conidiophores 
produce metulae from which phalides 
producing chains of conidia arise 

Penicillium sp. 

    

PF4 

Growth begins as yellow colonies that soon develop 
a black, dotted surface as conidia are produce within 
26 days the colony becomes jet black and powdery 
and the reverse remains cream color 

Exhibits septate hyphae long 
conidiophores that support spherical 
vesicle that give rise to mutulae and 
phalides from which conidia are produce 

A. niger 

    

PF5 
Green colonies, surface of colonies becomes 
powdery due to presence of conidia 

Hyphae are septate and produce brush 
like conidiophores, conidiophores 
produce metulae from which phalides 
producing chains of conidia arise 

Penicillium sp. 

 
 
 
Preparation of bacterial and fungal inoculum 
 
The identified bacteria and fungi strains isolated from sawdust 
sample were transferred from stock agar slant cultures to nutrient 
agar broths and incubated until a sizable inoculum size of 107 
cfu/ml was obtained at 35°C.  
 
 
Sawdust inoculation and degradation 
 
The collected sawdust samples were first autoclaved to kill all 
indigenous bacteria and fungi present in it. Three sterile conical 
flasks were obtained and 25 g of sawdust was introduced into each 
and properly labeled; bacteria, fungi and combined (bacteria + 
fungi). 150 ml of distilled water was added into each of the conical 
flasks followed by the addition of the inoculums size of 10% v/v 
(17.5 ml) into each of the sawdust solutions. The conical flasks 
were then incubated at room temperature (26 to 28°C) for 21 days. 
At the end of the 21 days, the supernatants in the conical flasks 
were carefully filtered out and the residue sawdust was analysed.  
 
 
Estimation of protein and glucose contents of fermented 
sawdust 
 
Protein and glucose contents of the fermented sawdust samples 
were determined using ASTM standard method (1974) as reported 
by Bakulin et al., (2007).   
 
 
Gas chromatography mass spectrometry (GC-MS) analysis 
 
The analysis for chemical components present in sawdust 
degradation extracts was carried out using GC-MS analyzer 
(BRUKER SCION 436-GC SQ). Extracts were dissolved in methanol 
(high-performance liquid chromatography grade) and filtered 
through Whattman TM FILTER DEVICE (0.2 μm). Helium  (99.99%) 

was used as carrier gas, at a flow rate of 1 ml/min in split mode. 
RESTEK Rtx®-5 (Crossbond® 5% diphenyl/95% dimethyl 
polysiloxane) with 30 m length, 0.25 μmdf, and 0.25 mm ID column 
was used for separation of chemical components. 2 μL of sample 
was injected into the column. The injector temperature was 320°C. 
The temperature of oven starts at 70°C and hold for 2 min, and 
then, it was raised at a rate of 7°C per minute up to 320°C, hold for 
1 min. Temperature of ion sources was maintained at 250°C. The 
mass spectrum was obtained by electron ionization at 70eV and 
detector operates in scan mode 30 to 500 Da atomic units. Total 
running time was 38.71 min including 3 min solvent delay.  The 
spectrum of the unknown component was compared with the 
spectrum of the known components using computer searches on a 
NARICT Ver.2.1 MS data library. The name, molecular weight, 
retention time and structure of the components of the test materials 
were ascertained and results were recorded. 

 
 
RESULTS  
 
Cultural and morphological characterization of fungal 
isolates 
 
The cultural and morphological characteristics of the 
fungal isolates results are shown in Table 1. Based on 
the colony and microscopic morphology, three species of 
fungi were identified. 
 
 

Morphological and biochemical characterization and 
identification of the bacteria isolates 
 

Table 2 shows the results of morphological and 
biochemical   characterization   and   identification  of  the  
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Table 2. Biochemical characterization and identification of the isolates from sawdust sample. 
 

 
 
 

Table 3. Estimation of protein and glucose contents of degraded sawdust sample. 
 

S/N Name of sample Protein content (g/l) Glucose content (g/l) 

1 S. marcescens                 
Initial  5.25 3.74 

Degraded  5.75 1.94 

2 A. niger                        
Initial  5.25 3.74 

Degraded  7.87 2.05 

3 
S. marcescens         Initial  5.25 3.74 

A. niger Degraded  6.56 2.24 

 
 
 
isolates from the sawdust sample analyzed. Five bacteria 
species were identified. 
 
 
Estimation of protein and glucose contents 
 
The available protein and glucose contents in the 
degraded sawdust sample were estimated as presented 
in Table 3. From the result, it was observed that the 
fungus degradation had higher protein content available 
followed by the combined (bacteria and fungi) with the 
bacterium degradation having the least available protein. 
However, in the case of glucose, the combined 
degradation recorded the highest glucose content while 
the least was seen in the bacterium degradation.  
 
 
Sawdust degradation (bacteria) components identified 
by GC-MS analysis  
 
The results of GC-MS analysis of sawdust sample 
degraded by inoculated bacteria isolate identified fourteen 
bioactive chemical constituents present in the extracts. 
The gas chromatogram shows the relative concentrations 
of various compounds getting eluted as a function of 
retention time as presented in Table 4 and Figure 1 
respectively. The heights of the peak indicate the relative 
concentrations of the compounds of the components 
present  in  the  plant  extracts.  The  mass  spectrometer 

analyzed the compounds eluted different times to identify 
the natures and structure of the compounds. The 
compounds which were identified by GC-MS analysis 
were 12 in total (Table 5). Identification of the bioactive 
compounds was carried out by comparison of their mass 
spectra and retention time with those of reference 
standard and published data in NIST MS library (Figure 
2). 
 
 
DISCUSSION  
 
A total of 8 microbial species were isolated from the 
sawdust; 5 bacteria and 3 fungi. Microbial degradability of 
sawdust through the isolation of autochthonous bacterial 
and fungal species utilizing sawdust as their carbon and 
energy sources and the observation of differences in 
sawdust before and after degradation have been 
demonstrated by Lennox et al. (2010). This corroborates 
the findings of Godliving and Yoshitoshi (2002) and 
Zhang et al., (2018) that bacteria and fungi degrade wood 
sawdust by producing enzymes such as carboxymethyl 
cellulose, lignin peroxidase and xylanase. Beguin and 
Aubert (1994) also reported the biodegradability of 
cellulose. This agrees with the finding of Dosoretz et al., 
(1990), when they reported the reduction in carbon 
content of sawdust when subjected to microbial 
degradation. Hitchner and Leatherwood (1982) reported 
the  ability  of  cellulase  enzyme   in   the   degradation of 
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P1 + Rods + + - - + - + - + ± + + Bacillus sp 

P2 + Cocci - - - + + - - - + + + + Streptococcus sp 

P3 - Rods + + + - + - - + - - - - P. aeruginosa 

P4 + Cocci + - + ± - + - + ± - + - Micrococcus sp 

P5 - Rods + + - - + - + + + - + + S. marcescens 
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Table 4. Sawdust degradation components identified by GC-MS analysis using S. marcescens. 
 

Temperature RT (min) Name of compound Concentration (%) 

 24.57 Methylene cyclo propane carboxylic acid 11.56 

 30.46 Glycine, N-cyclopropylcarbonyl-methyl ester 7.58 

 32.12 Acetic acid 4.64 

 16.53 Propanoic acid 3.59 

 16.76 2(5H)-furanone 5.84 

320°C 24.15 Benzaldehyde 5.91 

 36.06 1H-pyrazole, 3,4-dimethyl(C) 4.83 

 12.56 Pentanoic acid 2-ethylhexyl ester 10.6 

 28.97 Thiophene, tetrahydro 9.38 

 28.98 Furfural 4.63 

 44.2 Thiophene, tetrahydro 3.98 

 37.84 Propanoic acid, 2,2-dimethyl-,2-ethylhexyl ester 4.2 

 33.86 4H-Pyran-4-one 6.09 

 44.19 n-Hexadecanoic acid 3.59 
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Figure 1. GC-MS chromatogram obtained from sawdust degraded extract by Serratia marcescens. 

 
 
 
cellulose. Microbial species have different capabilities of 
degradation of sawdust (Lennox et al., 2010). This 
indicates that only few of the isolates are capable of 
utilizing sawdust as its source of carbon and energy for 
growth. The microbial isolates, Bacillus sp, Streptococcus 
sp., P. aeruginosa, Micrococcus sp., S. marcescens, A. 

niger, Rhizopus sp. and Penicillium sp. in this study are 
similar to those isolated by Lennox et al. (2010) except 
Cellulomonas sp., Cytophaga sp., Flavobacterium sp., 
Xanthomonas sp., for bacteria, but only 2 fungi species, 
Rhizopus sp. and Penicillium sp. agree with the findings 
of Lennox et al. (2010). Two out of the eight microbial 
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Table 5. Sawdust degradation components identified by GC-MS analysis using S. marcescens and A. niger. 
 

Temperature RT (min) Name of compound Concentration (%) 

 24.57 Benzaldehyde 11.56 

 30.46 Acetic acid 7.58 

 32.12 Furfural 4.64 

 16.53 Butanoic acid, 4-chloro 3.59 

 16.76 Propanoic acid, 2,2-dimethyl-,2-ethylhexyl ester 5.84 

320°C 24.15 4H-Pyran-4-one 5.91 

 36.06 n-Hexadecanoic acid 4.83 

 12.56 thiocyanic acid, methylene ester 10.6 

 28.97 Methylene cyclo propane carboxylic acid 9.38 

 28.98 Propanoic acid 4.63 

 44.2 Thiophene, tetrahydro 3.98 

 37.84 Glycine, N-cyclopropylcarbonyl-methyl ester 4.2 
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Figure 2. GC-MS chromatogram obtained from sawdust degraded extract by S. marcescens and A. niger. 

 
 
 
species isolated from the sawdust were used for this 
research. S. marcescens and A. niger used in the 
biodegradation showed their capability to utilize saw dust 
to produce important products.  The efficacy of fungi in 
cellulose degradation has also been reported (Deeble 
and Lee, 1985; Kelsey and Shafizadeh, 1980). These 
reports have provided insight into the possibility of 
degradation of sawdust using indigenous microorganisms, 
thereby paving way for enhanced natural attenuation of 
sawdust polluted sites (Lennox et al., 2010). The saw 
dust inoculated with S. marcescens produced 14 
compounds while the combined species of A. niger and 
S.  marcescens   produced   only   12   compounds.   The 

following compounds, Methylene cyclo propane 
carboxylic acid, Glycine N-Cyclopropylcarbonyl-methyl 
ester, acetic acid, propanoic acid, benzaldehyde, 
thiophene tetrahydro, furfural and propanoic acid 2,2-
Dimethyl-2-ethylhexyl ester were detected in both the S. 
marcescens and A.niger/S. marcescens inoculated saw 
dust samples though in different concentrations. 
Methylene cyclo propane carboxylic acid with 11.56% 
was the highest produced by S. marcescens but only 
9.38% from the combined. This could be as a result of 
some antagonistic activities of the organisms by 
producing several hydrolytic enzymes like chitinase, 
protease, lipase and cellulase  (Purkayastha et al., 2018).  



 
 
 
 

S. marcescens produced 10.6% of pentanoic acid 2-
ethylhexyl ester which was absent in the combined. This 
also could be some antagonistic or use of the compound 
by A. niger. Benzaldehyde concentration was 11.56% 
from the combined but only 5.91% from S. marcescens. 
Thiocyanic acid, methylene ester 10.6% produced by the 
combination was not produced by S. marcescens. The 
results here show that selective utilization of these 
organisms in the degradation of saw dust can lead to the 
production of economically important products. These 
compounds produced by these microorganisms are the 
first of its kind in scientific world and therefore a major 
contribution to knowledge. 

The protein and glucose analysis revealed an increase 
in protein content by 9.5, 49.9 and 25% using Sarratia 
marcescens, Aspergillus niger and combination of S. 
marcescens and A. niger respectively. For the glucose, 
there were decreases of 48.6, 45.2 and 40% using S. 
marcescens, A. niger and combination of S.  marcescens 
and A.  niger respectively. This is to say that these 
microorganisms were able to utilize saw dust to increase 
the protein content while at the same time utilized the 
glucose contained in the saw dust. This is contrary to the 
findings of Bohdan and Yaser (2011), Reddy and Yang 
(2009), Van Wyk (2001) and Ndukwe et al., (2012) who 
detected an increase in glucose levels, though the saw 
dust samples were pretreated. This is pretreatment of the 
lignocelluloses wastes to a greater extent must have 
removed lignin from the different saw dust materials. This 
research has shown that saw dust waste can be bio 
converted to useful products without pretreatment as has 
always been believed. Most of the products produced by 
the fermentation of the sawdust are very useful. Glycine, 
N-Cyclopropylcarbonyl-methyl ester produced by 
S.marcescens is used as additive in pet food and animal 
feed, in foods and pharmaceuticals as a sweetener/taste 
enhancer, or as a component of food supplements and 
protein drinks. It is also used in cosmetics. Benzaldehyde, 
11.56% produced by S.  marcescens and A.  niger is also 
an important compound used chiefly in the organic 
synthesis of dyes, perfumes, and flavors, and as a 
solvent. Methylene cyclo propane carboxylic acid 
(11.56%) and Pentanoic acid 2-Ethylhexyl ester (10.6%) 
also produced from the degradation of sawdust by S.  
marcescens have been found to be very useful as an 
intermediates in the production of pesticides, 
pharmaceuticals and other agrochemicals. Acetic acid 
(7.58%) produced by S. marcescens and A. niger has 
several health benefits which include reducing inflamation, 
lowering blood pressure, and keeping blood sugars 
spikes at bay. Acetic acid is also used as a condiment 
and in the pickling of raw vegetables and other foods 
The direct fermentation of sawdust without pretreatment 
with selected indigenous microbial flora is a novel and the 
amounts of economically important products resulting 
from the fermentation are also novels. The use of sawdust 
for the production of these compounds will lead to 
reduction of pollution caused by sawdust. 
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Khat (Catha edulis Vahl) is an evergreen shrub habitually ingested for its euphoric and stimulatory 
effects. The crop is grown in the Middle East, Somalia, East Africa and Ethiopia. It is referred to as Miraa 
in Kenya, while in Yemen it has several names like Qat, Kat, Kath, Gat, Chat and Tschat. It belongs to 
the sub-order Rosidae, family Celastraceae and characterized by astringent taste. Despite the daily use 
and consumption of khat by millions of people in Kenya, little is known about its phenotypic. 
Phenotypic characterization is an essential approach for assessment of khat diversity; however, it is 
limited by morphological plasticity and multiple lineage evolution. The study aimed at evaluating the 
phenotypic diversity of selected khat cultivars grown in Embu and Meru Counties. Ninety samples from 
18 cultivars were collected for phenotypic characterization. MINITAB 17 Software was used for 
description of principal component and construction of dendrogram using the Euclidean distance tool 
where 58.7% variability was observed among 13 traits studied in 90 samples of khat. Phenotypes 
grouped into 2 clusters phenotypic diversity showed considerable variability based on 13 khat traits. 
This will be useful in breeding and characterization programmes of khat cultivars. 
 
Key words: Phenotypic, khat, diversity, cultivar. 

 
 

INTRODUCTION  
 

Khat (Catha edulis Vahl) is ever green and an edible 
plant (Ngari et al., 2018). It is classified in the kingdom 
Plantae, class Magnoliopsida, order Celastrales, family 
Celastraceae, genus Catha, and species edulis (Sikiru, 
2012). The plant was first described a by Swedish botanist 
called Peter Forskal. He encountered the plant as he 
travelled to Yemen through Egypt in an expedition that 
was paid for by King of Denmark Friederick, who wanted 
all the natural collections (Al Motarreb et al., 2002). 
Countries and communities have different names for the 
plant such as Qat and Chat in Yemen and Ethiopia,  Jaad 

and Qaad in Somalia, Muguka and Miraa in Kenya, and 
Jimma in the Oromo language. In most western 
countries, it is recognized as khat (Ngari et al., 2018). 

Khat is said to have originated from Ethiopia and then 
spread to East Africa and Yemen (El-Menyar et al., 
2015). In Kenya, khat is grown in Meru and Embu 
Counties for commercial purposes. In Meru County, it is 
grown around Nyambene hills in Meru North, 320 km 
North East of Nairobi and the main outlet is Chyulu Maua 
Town (Nyongesa and Onyango, 2010). In Embu county, 
khat is mainly  found  in  lowland  area  of  Mbeere region 
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which are usually dry (Kiunga et al., 2016). 

Khat also flourishes in arid and semi-arid environments 
where temperatures range from 5 to 35°C with free 
draining soil (New Agriculturalist, 2007; Nyongesa and 
Onyango, 2010). Khat leaves are harvested in the 
morning then covered with fresh banana leaves and 
polythene bags to maintain freshness (Nyongesa and 
Onyango, 2010). Khat is more potent during the dry and 
sunny season of the year (Ng’ethe, 2012).  Harvesting is 
done throughout the year and planting is spread over a 
period of time to obtain a continuous supply. Khat is 
usually consumed by chewing the leaves while fresh, 
although occasionally, leaves are dried, then consumed 
as a stimulating juice (Wabe, 2011).  

Mainly, khat chewing is a male habit though it has 
gained popularity among women (Mwenda et al., 2003; 
Kiunga et al., 2016). More than 10 million people 
worldwide use khat for psychostimulating effect (Gitonga 
et al., 2017). In many countries, khat is chewed for social 
and psychological reasons (Al-Kholani, 2010). Current 
trends indicate that khat is used by all societal groups 
regardless of age, gender, affluence, class, education 
and occupation (Gesese, 2013). 

Various khat cultivars are identified based on the 
communities that consume them. In Yemen, local 
cultivars of khat are described according to geographical 
location, growth habit and physical appearance (colour of 
the leaf, stem sizes and potency) (Al-Thobhani et al., 
2008). It is documented that different kinds of khat vary in 
the extent of their pharmacological activity. Farmers in 
Yemen have four cultivars, namely, Abyadh, Azraq, 
Aswad and Ahmar categorized according to the colour of 
shoots and growing twig (Ngari et al., 2018). Also forty 
kinds of khat cultivar were recognized according to 
geographical origin. In Ethiopia, two major cultivars have 
been described as Dimma (red) or Ahde (white). Getahun 
and Krikorian, classified khat into three types, namely 
‘madness-causing, intoxicating-like spirit and insomnia-
causing based on their effects (Al-Thobhani et al., 2008; 
Ayana and Mekonen, 2004). Little is known of how C. 
edulis differs morphologically, therefore, in this study the 
plant was characterized morphologically.  

Morphological traits have been used for classification of 
variety duplicates, determination of genetic diversity and 
correlation with characteristics of agronomic significance 
(Zeng, 2015). Morphological characterization of khat 
cultivars in Embu and Meru counties was done by 
assessing variations in 13 khat traits. This has been 
traditionally used for classification of khat cultivars. It is 
clear that most users’ knowledge is limited to only the 
narcotic effects of the plant (Al-Thobhani et al., 2008). 

Khat plant cultivars are notable by the level of 
cathionone (or the narcotic effect of the plant) present in 
the plant material and also their morphological 
differences. The varying morphological features and 
cathionone levels within khat may also be as a result of 
genetic  variations.  Morphologic  studies  have  not  been  

 
 
 
 
conducted for this crop in Mt. Kenya region where it has 
become a major income earner. As a traditional method, 
morphological traits are used to assess genetic 
divergence and classify existing germplasm materials. In 
addition, this technique is easier, cost effective, and easy 
to score and requires less time and finally it does not 
need any technical knowledge (Malek et al., 2014). 
 
 
MATERIALS AND METHODS 
 

Collection sites 
 

The germplasm was collected from 12 major khat producing wards 
(Figures 1 and 2). The wards included: Maua, Kianjai, Gaiti, 
Kangeta, Muthaara in Meru County and Kaaga South, Kithimu, 
Kaaga North, Mbeti south, Mbeti North, Mavuria, and Muminji in 
Embu County. Meru County is found in eastern region of Kenya 
approximately 225 km northeast of Nairobi, it covers an area of 
6,936 km2. The area receives about 1366 mm per annum. The 
climate of Meru is described as cool and warm with temperature 
ranging between 16°C during cold season and 23°C during hot 
warm season. Embu County is located approximately at 120 km 
northeast of Nairobi towards Mt. Kenya. It covers an area of 2,818 
km2 and lies between latitude 0° 8” and 0° 35” South and longitude 
37° 40” East. 

 
 
Collection of plant materials 
 

Khat fruits, flowers and fully grown leaves were harvested from 
selected khat plants for morphological characterization. A total of 90 
samples were collected from locally available cultivars and three 
replicates picked randomly from each of the sample giving a total 
number of 90 khat samples where different local khat names were 
given. 

For morphological characterization, a small branch of the khat 
plant was cut aseptically and each packed in between a newspaper 
and later transported to National Museums Herbarium Department, 
where identification and morphological measurements were carried 
out. All the information on these plants was recorded based on local 
names given by Meru and Embu communities as well as 
geographic distribution (Appendix 1). The local names given by 
farmers included: Kira Kieru-1, Kira Kieru-2, Kira Kieru-3, Kira Kiiru-
1, Kira Kiiru-2, Kira Gitune-1, Kira Gitune-2, Muchuri, Kithara, 
Mutimutiri, Mugiza-1, Mugiza-2, Mugumo-1, Mugumo-2, Mugumo-3, 
Mugumo-4, Mugumo-5, Muguka-1, Muguka-2, Muguka-3, Muguka-
4, Muguka-5, Mugukawakarimi, Gitu,Mutamucii, Mukurukuru, Muruti, 
Muceke, Mitune, and Mumbu. 

A total of  13 morphologic traits of 90 khat samples were 
evaluated according to guidelines provided by Robson (1994). The 
traits studied were leaf length, leaf width, leaf margin, petiole length, 
inflorescence length, peduncle length, sepal length, petal length, 
and diameter of the stamen, diameter of the filament, ovary length, 
capsule length and the length of the wing (Appendix 2). For each of 
the khat sample, 3 leaf samples were randomly selected and their 
measurement taken using a digital vernier caliper. Flowers and 
fruits measurements were taken using wild MSA Switzerland 
dissecting microscope at magnification of ×10. 

 
 

Data management and statistical analysis  
 

Raw data was entered into Microsoft excel spreadsheet which was 
then imported to Minitab software version 17.0 (State College 
Pennsylvania-USA) software. Data was analyzed statistically for the 

https://www.google.com/url?url=http://scholar.google.com/scholar_url%3Furl%3Dhttp://books.google.com/books%253Fhl%253Den%2526lr%253D%2526id%253DXwgKby9xF8IC%2526oi%253Dfnd%2526pg%253DPA1%2526dq%253Dflora%252Bof%252Btropical%252Beast%252Bafrica%252Bcelastraceae%2526ots%253DTx5Qt59W51%2526sig%253DYyg3WChcPWxeBVQkeoq2KpmnV94%26hl%3Den%26sa%3DX%26scisig%3DAAGBfm2Vv9boAqF808xXjvEKHdxAQ0GydQ%26nossl%3D1%26oi%3Dscholarr&rct=j&q=&esrc=s&sa=X&ved=0ahUKEwiDz-iKu9rPAhXLCsAKHWXBC44QgAMIHigAMAA&usg=AFQjCNED2OH4t5f3uFvvSmKB5oznzAAQ5Q&cad=rja
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Figure 1. A map showing Meru County. 
Source: Survey of Kenya (2011). 

 
 
 

 
 

Figure 2. A map showing Embu County. 
Source: Survey of Kenya (2011). 
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differences in means for 13 khat traits, through one-way ANOVA 
followed by Tukey’s post hoc test. Statistical significant differences 
were set at p≤0.05. Cluster analysis yielded a dendrogram that was 
used to examine the morphological relatedness among the 90 khat 
samples while Principal Component Analysis (PCA) was used to 
assess the underlying source of variation in morphology. 

 
 
RESULTS 
 
The measurements of the 13 phenotypic traits studied 
were found to vary across the 90 khat samples, Muguka-
4 had the highest mean leaf length of 99 mm, while 
Mutimutitiri had the lowest mean leaf length of 53.67 mm. 
The mean leaf length of the 90 khat samples had 
significant differences. Regarding leaf width, Muguka-4 
had the highest mean value of 45.67 mm, while Kira 
Kieru-1 had the lowest mean leaf length of 19.33 mm 
(Appendix 2). 

The mean sepal length of the studied samples did not 
show significant differences among themselves with the 
highest mean length of 1.47 mm being recorded in 
Mugumo-1, Mugiza-1, and Kithara. The lowest mean 
sepal length of 1.03 mm was observed in Mugumo-3 and 
Mugumo-4, Mugukawakarimi, Mukurukuru, Mumbu, 
Muruti, Mutamucii and Mutimutiri. The highest mean petal 
length of 1.67 mm was observed in Kira Gitune-1, Kira 
Kieru-1 and Kira Kiiru-1 cultivar from Meru, while the 
lowest mean petal length of 1.00 mm was observed in 
Muguka-2. The mean petal length of the 90 khat samples 
did not show significant differences among themselves. 
The mean stamen diameter of the studied khat samples 
did not show significant differences with the highest 
diameter of 2.37 mm being shown in Kira Gitune-1 and 
the lowest mean diameter being 1.07 mm in Kira Kieru-2 
(Appendix 2). 

The mean filament diameter of all samples ranged from 
1.53 to 1.07 mm. The highest mean filament diameter 
was observed in Muchuri and Kira Kiiru-1, while the 
lowest filament diameter was shown in Gitu, Kira Kieru-2, 
Muguka-4, Muguka-5, Muguka-1, Muguka-2, 
Mugukawakarimi, Mugumo-3, Mukurukuru, Muruti and 
Mutimutiri cultivars. There were no significant differences 
in ovary length mean among all cultivar with Mugiza-1 
showing the highest length of 1.57 mm, while Kira Kieru-3 
and Kira Kiiru-2 showed the lowest mean ovary length of 
1.10 mm. There were significant differences in mean 
capsule length among the 90 khat samples with the 
highest capsule length of 8.43 mm being observed in Gitu 
and lowest mean capsule length of 5.1 mm in Kira 
Gitune-1, and Kira Kieru-3. The mean wing length varied 
significantly among various cultivar with the highest mean 
wing length of 3.5 mm in Muguka-1 and lowest wing 
length of 2.07 mm in Kira Gitune-1.  

The leaf margin had wide variations ranging from a 
mean of 107.33 mm (Muguka-4) to a mean of 55.00 mm 
(Mutimutiri). The mean leaf margin of Mutimutiri cultivar 
was significantly lower than the other cultivars (p≤0.05).  

 
 
 
 
Besides, the mean petiole length did not show significant 
differences among the cultivar with the highest mean 
petiole length being 5.67 mm (Muguka-1 and Muguka-2) 
and the minimum mean petiole length being 2.33 mm 
observed in Mugiza-1 and Muguka-3 cultivars (p˃0.05). 
The mean inflorescence length of 90 khat samples did 
not show significant difference among the 90 samples. 
Kira Kieru-1 had the highest mean inflorescence length of 
21.00 mm, while Mutimutiri had the lowest inflorescence 
length of 14.33 mm. The mean peduncle length of 30 
samples was not significantly different with Kira Gitune-1 
having the highest mean of 7.33 mm, and Mugumo-1, 
Mugumo-2 and Mugiza-1 having lowest mean peduncle 
length of 4.00 mm (p˃0.05).  

A dendrogram constructed from data set of mean 
values of the 13 khat traits showed 2 super clusters 
namely I and II. Super cluster I had two sub clusters Ia 
and Ib. The sub cluster Ia comprised Mugukawakarimi 
and Kira kieru-3 cultivars from Embu and Meru counties, 
respectively, while sub cluster Ib had Muguka-4 cultivars 
from Embu county, clustering independently. The sub 
cluster II was more diverse and clustered into two sub 
clusters IIa and IIb. The sub cluster IIa was divided into 
IIai and IIaii sub clusters. The sub cluster IIai had three 
groups where the first group comprised Gitu and 
Muguka-3 cultivars from Embu County while the second 
group comprised Kira kiiru-2, Kira kieru-2 and Kiithara 
cultivars from Meru County. The third group comprised 
Kira gitune-2 and Kira kieru-1 cultivars from Meru county 
and Mugumo-4 cultivar from Embu county. The sub 
cluster llaii had one group which comprised Muguka -5 
and Mugumo-1 genotypes both from Embu County. 

The sub cluster IIbi had four groups. The first group 
comprised of Gitune, Muruti, Mukurukuru Mugumo-5, 
Mugiza-2 and Muguka-1 cultivar from Embu County and 
Kira kiiru-1 cultivar from Meru County. The second group 
comprised Muceke and Mugiza-1 from Embu County. 
The third group comprised Mugumo-2, Muguka-2, 
Mugumo-3 and Mumbu from Embu County, while the 
fourth group comprised Kira gitune-1 and Muchuri cultivar 
from Meru county, and Mutamucii from Embu county. The 
sub cluster IIbii had Mutimutiri cultivar which originated 
from Embu County (Figure 3). 
 
 
Principal component analysis (PCA) 
 
The PCA was performed for all the 13 traits in the 90 khat 
samples as indicated in Table 1. Out of the 13 traits, 
three principal components (pc1, pc2 and pc3) exhibited 
more than one Eigen value and showed about 58.7% 
variability among the 13 studied traits. The three principal 
components: pc1, pc2 and pc3 had 25.0, 18.4 and 15.3% 
variability, respectively among the cultivars for the traits 
under study. The pc1, pc2 and pc3 had Eigen values of 
3.247, 2.386, and 1.995, respectively. 

The pc1 was positively correlated to leaf margin, petiole  



Ngari et al.         869 
 
 
 

 
 

Figure 3. Euclidean distance based dendrogram developed from mean values of the 13 
traits of 90 khat samples. 

 
 
 

Table 1. Principal Component Analysis among the 30 khat cultivars. 
 

Parameter PC1 PC2 PC3 

Eigen value 3.247 2.386 1.995 

% Total variance  25.0 18.4 15.3 

% Cumulative  25.0 43.3 58.7 

    

Trait Eigen vectors 

Leaf length (mm) -0.062 0.310 -0.546 

Leaf width (mm) -0.323 0.030 -0.305 

Leaf margin (mm)  0.107 0.488 -0.359 

Petiole length (mm) 0.191 0.163 0.247 

Inflorescence length (mm) -0.120 0.037 -0.167 

Peduncle length (mm) 0.466 0.159 0.090 

Sepal length (mm) 0.124 -0.279 -0.541 

Petal length (mm) 0.402 -0.148 -0.004 

Diameter of stamen 0.386 -0.143 -0.111 

Diameter of filament 0.224 -0.391 -0.147 

Ovary length 0.074 -0.485 -0.214 

Capsule length -0.416 -0.314 0.053 

Wing length -0.241 -0.077 0.087 

 
 
 

length, peduncle length, sepal length, petal length, 
stamen diameter, filament diameter and ovary length. 
However, it was negatively correlated to leaf length, leaf 
width, inflorescence length, capsule length and wing 
length. The pc2 showed a highly positive correlation to 
leaf length, leaf margin, petiole length, inflorescence 
length and peduncle length. However, it was negatively 
correlated to sepal length, petal length, stamen diameter, 
filament diameter, ovary length and wing length. The pc3 
showed a positive correlation  to  petiole  length,  capsule 

length, peduncle length and wing length but negatively 
correlated to leaf length, leaf width, leaf margin, 
inflorescence length, sepal length, petal length, stamen 
diameter, filament diameter and ovary length (Table 1). 

The scatter plot of the 30 khat samples based on the 
13 studied traits was also drawn in this study. It was 
observed that the first quadrant comprised of Muguka-1, 
Muguka-2, Muguka-3 and Mugiza-2, Muguka wa karimi, 
muguka-4, Muguka-5 and Gitu cultivars, which were from 
Embu  county.  The  second  quadrant  had  six  cultivars,  
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Figure 4. The scatter plots of 30 khat cultivars based on 13 traits 

 
 
 
comprising Kira kieru-2, Kira kieru-3, Kira kiiru-2, Kira 
gitune-2, from Meru County, as well as Mugumo-4 and 
Mukurukuru cultivar from Embu County. The third 
quadrant comprised Mugumo-3, Mugiza-1, Mugumo-1, 
Mugumo-2, Gitune, Mutimutiri, Muruti, Mumbu, Muceke 
and Mugumo-5 cultivar from Embu County. The fourth 
quadrant comprised five cultivar, which originated from 
Meru county and they included Kira gitune-1, Kiithara, 
Muchuri, Kira kieru-1 and Kira kiiru-1 (Figure 4). 
 
 
DISCUSSION 
 
The mean leaf length of different cultivars indicated 
significant differences, whereby Muguka-4 cultivar 
recorded the highest mean leaf length while Mutimutiri 
cultivar showed the lowest mean leaf length. Both 
cultivars were collected from the same geographical 
location and environmental conditions. The lowest leaf 
length of Mutimutiri cultivar could be due to the ability of 
the cultivar to adapt to relatively drier and saline 
environment. Plants growing in such conditions usually 
have reduced leaf area in order to minimise loss of water 
during evaporation (Deblonde and Ledent, 2001). 

The mean leaf width of different cultivar was 
significantly different, Muguka-4 cultivar recorded the 
highest mean leaf width while Kira Kieru-1 recorded the 
lowest leaf width. The lowest leaf width of Kira Kieru-1 
could be as a result of adaptations to conserve water. 
Kira Kieru-1  had  narrow  leaves  and  less  total  surface 

area than Muguka-4 and, therefore, loses more water 
compared to Kira Kieru-1. Studies have shown that broad 
leaves heat up more than narrow leaves of the same 
length, hence narrow leaf plants are well adapted to dry 
and hot environments. The cultivar with the highest mean 
leaf width (Muguka-4) could have been in moist and 
shady environments, which enhanced their ability to 
absorb sunlight. This was confirmed in tropical vines 
(Tardieu, 2013). 

Cultivars with long inflorescence produce more flowers, 
fruits and seeds compared to cultivars with short 
inflorescence (Rahman et al., 2009). This suggests that 
both the number of inflorescences and the number of 
female flowers are the main factors in determining yield. 
On the other hand, determining the number of 
inflorescences per plant and the number of female 
flowers both depend on environmental factors (Sangoi, 
2001; Domiciano et al., 2014). Flowering and 
determination of the flower type are influenced by the 
occurrence of low temperatures and high rainfall (Inouye, 
2008; Prasad et al., 2001). Therefore, the highest 
inflorescence length in Kira Kieru-1 could have resulted 
from high rainfall and low temperature, while the lowest 
inflorescence length in Mutimutiri could be due to low 
rainfall and high temperature. 

The mean peduncle length showed significant 
differences among different cultivars. Drought and stress 
cause reduction in peduncle length. From this study Kira 
Gitune-1, which had the highest peduncle length was not 
drought    stressed   while   Mugumo-1,   Mugumo-2   and 



 
 
 
 
Mugiza-1 which had the lowest peduncle length were 
drought stressed. This was confirmed by Amiri et al. 
(2013) on 80 bread wheat genotypes. 

The mean sepal length of different genotypes showed 
significant differences among different cultivars. The 
difference in sepal and petal length could be related to 
availability of water (Kwak et al., 2007). Therefore, the 
longer the petal and sepal the higher the water 
availability. Hence cultivars Mugumo-1, Mugiza-1, 
Kiithara, Kira Gitune-1, Kira Kieru-1 and Kira Kiiru-1 were 
in place with enough water. The mean stamen length of 
many cultivars showed significant differences with the 
highest diameter of 2.37 mm being recorded in Kira 
gitune-1 cultivar from Meru and the lowest mean 
diameter of 1.07 mm was recorded in Kira kieru-2 cultivar 
from Meru. Availability of water results to increased 
flowers size and stamen length. Consequently, the traits 
usually related to floral attractiveness are increased 
(Natalia et al., 2015). However, fecundity potential is not 
increased. These results suggest that population 
differentiation in floral characters could be a caused by 
random genetic drift that occur in relatively small or 
isolated populations.  It may also be attributed to 
restricted gene flow (Medrano et al., 2005). 

The mean filament diameter showed significant 
difference among the cultivar with mean filament 
diameter ranging between 1.53 and 1.07 mm. Kira Kiiru-4 
had the highest, while Gitu, Muguka-4 and Muguka-5 had 
the least 1.07. The floral parts of a plant are highly 
affected by the environment and this could be reasons as 
to why significant difference was recorded in filament 
diameter. The mean ovary length of all cultivars indicated 
no significant difference. This could be due to similar 
ancestry of all the cultivars studied. The mean capsule 
length showed significant difference among 30 khat 
samples, such could be used to discriminate cultivars. 
Gitu had the highest capsule length while Kira gitune-1 
and Kira kieru-3 cultivar had the lowest. The difference in 
position of the inflorescence or the fruit could account for 
the variation in the capsule length (Buide, 2008). From 
the results it indicates that Gitu fruit was far from the 
stalk, while Kira Gitune-1 and Kira Kieru-1 fruit was near 
the stalk. 

The mean length of the wing was significantly different 
among the various cultivars. Muguka-1 cultivar from 
Embu had the highest and Kira Gitune-1 had the lowest. 
This could be explained by the possibility that the age of 
the plant could have had an impact on the length of the 
seed wing (Georg-kraemer et al., 2004). The one with 
high mean wing length could be older compared to the 
one with short wing length. From the results this could 
mean Muguka-1 cultivar was older than Kira Gitune-1 
cultivar. 

Principal Component Analysis (PCA) is a method that 
summarizes the data without much loss of information 
based on the similarities and the differences of the data. 
The PCA  results  of  13  traits  among  30 khat  samples  
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indicated that the first principal component had a higher 
contribution to the total variation compared to the second 
and third principal components. The traits which 
contributed the highest variability value in PC1 included 
leaf margin, petiole length, peduncle length, sepal length, 
petal length, diameter of stamen, diameter of filament 
and ovary length (Table 1). This showed that these traits 
were responsible for the most of the diversity exhibited in 
the first principal component. The cumulative value of the 
first three principal components (58.7%) was slightly 
above the first principal component obtained by Mawia et 
al. (2015) (53.8%) in 13 rice genotypes. The principal 
component two showed variability of six traits while 
principal component three showed variability of four traits 
(Table 1). Leaf margin, petiole length and peduncle 
length contributed to variation across all the three 
principal components, indicating that they were most 
important agronomic traits in C. edulis. The first Eigen 
value (3.247) was close to that found by Asudi et al. 
(2010) who reported a value of 3.147 on phenotypic 
features of Kenyan papaya. The second Eigen value of 
2.386 was lower than that obtained by Mawia et al. 
(2015) in 13 rice genotypes. Conversely, the third Eigen 
value of 1.995 was higher than that obtained by Mawia et 
al. (2015) (0.38) in 13 rice genotypes. 

The distribution of the cultivars on the scatter plot 
indicated the existence of wide variations among the 
studied cultivars. Cultivars that were close to each other 
on the same scatter plot showed phenotypic relatedness, 
while cultivars that were far away from each other were 
regarded as phenotypically distant. For example, the 
graphical closeness of Mugumo-5 and Muguka-3 indicated 
morphological relatedness. Most of the cultivars, from the 
same quadrant were collected from the same 
geographical region. For example Mugumo-5, Mugumo-
2, Mugiza-2 and Muguka-3 were found in the same 
quadrant and were collected from the same geographical 
region. Gitune, Muceke and Mumbu were from the same 
county. However, cultivars from different geographical 
regions were found clustering together for instance 
Kirakiiru from Meru clustered together with Muguka-1, 
Mutimutiri and Muguka-4 which were cultivars from Embu 
county, while Mugumo-4,Gitu,Mugumo-1,Muruti, 
MugukawaKarimi clustered together with Kira Gitune-2, 
Kira Kieru-1 which were cultivars from Meru county. 

The dendrogram generated from 13 phenotypic traits 
showed two main clusters (clusters I and II), which 
indicated an existing variation in the cultivars. Cluster II 
showed high phenotypic variation, indicating the enormous 
phylogenetic   divergence among cultivars in this cluster. 
Cluster II had two sub-clusters, IIa and IIb each of these 
sub-cluster, clustered into two subcluster again, IIai, IIaii 
and IIbi and IIbii. Cultivars in these cluster I included Kira 
Kieru-3, Mugukawakarimi and Muguka-4 cultivars where 
2 cultivars were from Embu and 1 from Meru County.  
Most of the cultivars clustered in cluster II, some of the 
cultivars  included  Kira  Kiiru-2  and  Kira   Kieru-2  which 
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were collected from Meru in cluster IIai, Muguka-2, 
Mumbu, Mugumo-2, and Mugumo-3 cultivars from Embu 
was found in IIbi. In these findings, those cultivars which 
clustered together were collected from the different 
geographical location. For the scatter plot, for example 
Kira Kieru-2 and Kira Kiiru-2 cultivars which were on the 
same scatter plot showed little variation in dendrogram 
clustering. Further studies are recommended due to the 
limitations associated with morphological traits as a 
means of determining variations, the diversity of these 
khat cultivars should be validated using superior traits 
such molecular markers.  
 
 

Conclusions 
 

From this study, it was concluded that phenotypic 
diversity showed considerable variability; clustering of the 
phenotypes was not based on the geographical origin of 
the plant. 
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Appendix 1. The name of the cultivar, place of collection and the type. 
 

Code Local name County Sub-County Ward Type habit 

1 Kira kieru 1 Meru Igembe South Maua Tree 

2 Kira kieru 2 Meru Igembe Central Kangeta Tree 

3 Kira kieru 3 Meru Igembe West Kianjai Tree 

4 Kira kiiru 1 Meru Igembe South Maua Tree 

5 Kira kiiru 2 Meru Igembe Central Kangeta Tree 

6 Kira gitune 1 Meru Igembe South Maua Tree 

7 Kira gitune 2 Meru Igembe South Gaiti Tree 

8 Muchuri Meru Tigania West Kianjai Tree 

9 Kithara Meru Tigania east Muthaara Tree 

10 Mutimutiri Embu Mbeere South Mavuria Shrub 

11 Mugiza1 Embu Runynjes Kagaari south Shrub 

12 Mugiza 2 Embu Manyatta Kithimu Shrub 

13 Mugumo 1 Embu Mbeere South Mavuria Shrub 

14 Mugumo 2 Embu Mbeere North Nthawa Shrub 

15 Mugumo 3 Embu Mbeere South Mbeti south Shrub 

16 Mugumo 4 Embu Manyatta Kithimu Shrub 

17 Mugumo 5 Embu Runyenjes Kaagari north Shrub 

18 Muguka 1 Embu Mbeere South Mavuria Shrub 

19 Muguka 2 Embu Mbeere North Muminji Shrub 

20 Muguka 3 Embu Mbeere North Nthawa Shrub 

21 Muguka 4 Embu Manyatta Mbeti north Shrub 

22 Muguka 5 Embu Runyenjes Kaagaari north Shrub 

23 Muguka wa karimi Embu Mbeere South Mavuria Shrub 

24 Gitu Embu Mberee South Mbeti south Shrub 

25 Mutamucii Embu Mbeere South Mavuria Shrub 

26 Mukurukuru Embu Mbeere North Nthawa Shrub 

27 Muruti Embu Mbeere North Muminji Shrub 

28 Muceke Embu Mbeere South Mavuria Shrub 

29 Gitune Embu Mbeere South Mbeti south Shrub 

30 Mumbu Embu Mbeere North Muminji Shrub 

 
 
 

Appendix 2. Phenotypic traits of 30 khat cultivars. 
 

Genotype Leaf length Leaf width Leaf margin Petiole length Inflorescence length Peduncle length 

Gitu  74.00±1.15
ef
 34.00±0.58

edfg
 92.00±1.35

c
 2.67±0.33

cd
 20.00±0.57

ab
 5.33±0.33

abcd
 

Gitune  73.00±0.58
efgh

 37.33±0.88
cde

 71.33±1.20
ghi

 4.33±0.33
abc

 15.33±0.67
ef
 4.67±0.33

bcd
 

Muguka 2 67.33±1.45
fghi

 30.67±0.67
gh

 63.67±0.88
jk
 5.67±0.33

a
 20.00±0.58

ab
 5.33±0.33

abcd
 

Kira gitune 1 60.00±1.00
jkl

 26.33±0.88
ijk

 72.67±1.45
gh

 4.33±0.33
abc

 15.00±0.58
f
 7.33±0.08

a
 

Kira gitune 2 75.33±1.45
de

 21.33±0.88
lm

 82.00±1.53
de

 4.33±0.33
abc

 19.67±0.33
abc

 7.00±0.29
ab

 

Kira kieru 1 72.00±1.53
efgh

 19.33±0.67
m
 74.67±1.20

fg
 4.67±0.33

ab
 21.00±0.58

a
 6.00±0.58

abcd
 

Kira kieru 3 94.33±1.76
a
 30.33±0.88

ghi
 99.00±0.58

b
 4.67±0.33

ab
 14.68±0.88

f
 6.00±0.58

abcd
 

Mugumo 4 72.33±1.67
efgh

 24.00±0.58
kl
 80.33±0.88

ef
 4.33±0.33

abc
 20.33±0.33

a
 6.00±0.58

abcd
 

Kira kieru 2 73.67±1.86
ef
 30.00±0.57

ghi
 87.67±1.45

cd
 4.67±0.33

ab
 17.00±0.58

bcdef
 5.33±0.33

abcd
 

Kira kiiru 1 73.33±1.45
efg

 35.33±0.67
def

 71.67±0.88
ghi

 4.67±0.33
ab

 17.00±1.15
bcdef

 5.33±0.33
abcd

 

Kira kiiru 2 71.33±0.88
efgh

 24.00±1.00
kl
 87.33±1.20

cd
 4.33±0.33

abc
 19.67±0.33

abc
 6.83±0.44

ab
 

Kiithara 82.00±1.15
cd

 23.00±1.15
klm

 88.00±1.15
cd

 4.67±0.33
ab

 16.33±0.88
def

 6.67±0.88
abc

 

Muchuri 56.00±1.15
kl
 25.00±0.58

jkl
 72.33±0.88

ghi
 4.67±0.33

ab
 16.67±0.88

def
 6.33±0.33

abcd
 

Muguka 5 91.67±0.88
b
 41.68±0.88

ab
 87.67±1.20

cd
 3.33±0.33

bcd
 20.67±0.33

a
 4.33±0.33

cd
 

Muguka 4 99.00±0.58
a
 45.67±0.33

a
 107.33±1.45

a
 4.33±0.33

abc
 19.33±0.33

abc
 4.67±0.33

bcd
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Appendix 2. Contd. 
 

Mugumo 5 72.33±1.20
efgh

 30.67±0.67
gh

 71.67±0.88
ghi

 5.00±0.57
ab

 19.67±0.33
abc

 4.67±0.33
bcd

 

Muguka 1 73.00±1.73
efg

 33.67±0.88
efg

 73.00±1.00
gh

 5.67±0.33
a
 16.67±0.88

cdef
 4.33±0.33

cd
 

Muguka 3 72.00±1.53
efgh

 32.00±1.15
fgh

 82.33±1.45
de

 2.33±0.33
d
 20.67±0.67

a
 4.33±0.33

cd
 

Muceke 70.00±0.58
efgh

 40.00±0.58
bc

 69.33±0.88
ghij

 5.33±0.33
a
 15.33±0.88

ef
 4.67±0.3

bcd
 3 

Mugiza 2 73.33±1.76
efg

 38.00±0.58
bcd

 74.33±0.88
fg
 4.33±0.33

abc
 16.67±0.88

cdef
 4.67±0.33

bcd
 

Muguka wa karimi 81.00±1.00
d
 31.33±0.88

fgh
 102.67±1.20

ab
 4.67±0.33

ab
 19.33±0.33

abcd
 4.67±0.33

bcd
 

Mugiza 1 70.67±1.20
efgh

 41.67±0.88
ab

 73.00±0.88
gh

 2.33±0.33
d
 19.67±0.33

abc
 4.00±0.58

d
 

Mugumo 1 88.67±1.20
bc

 41.67±0.88
bc

 102.33±1.20
ab

 3.33±0.33
bcd

 18.33±0.33
abcde

 4.00±0.58
d
 

Mugumo 2 61.33±0.88
hij

 28.67±0.88
ijk

 63.33±0.88
jk
 3.33±0.33

bcd
 20.67±0.33

a
 4.00±0.58

d
 

Mugumo 3 62.33±0.33
ijk

 33.67±0.33
efg

 61.67±0.33
jk
 4.33±0.33

abc
 15.67±0.88

ef
 5.00±0.58

abcd
 

Mukurukuru 70.00±1.15
efgh

 38.00±0.58
bcd

 75.33±0.33
fg
 4.33±0.33

abc
 15.33±0.33

ef
 4.67±0.33

bcd
 

Mumbu 66.33±0.33
hij

 28.33±0.88
hij

 66.33±0.88
ijk

 4.33±0.33
abc

 20.33±0.33
a
 4.67±0.33

bcd
 

Muruti 66.67±0.88
ghij

 33.00±0.58
fg
 65.00±1.00

jk
 4.33±0.33

bcd
 19.67±0.33

abc
 4.67±0.33

bcd
 

Mutamucii 73.33±1.76
efg

 33.00±0.58
fg
 68.00±0.58

hij
 4.33±0.33

abc
 16.33±0.33

def
 4.67±0.33

bcd
 

Mutimutiri 53.67±1.20
l
 21.33±0.33

lm
 55.00±0.58

l
 2.67±0.33

cd
 14.33±0.33

f
 4.33±0.33

cd
 

 

Values are expressed as Mean±SEM. Values with the same superscript letter are not significantly different (one way ANOVA followed 
by Tukey’s test (p>0.05). 
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In this study, assays were carried out to evaluate the efficiency of cactus Opuntia stricta cladodes as a 
coagulant for removal of cyanobacteria cells. To carry out the coagulation assays, water from eutrophic 
reservoir Bodocongó, in Brazilian semiarid, with cyanobacteria bloom of Microcystis aeroginosa, 
Plankthotrix isothrix and Cylindrospermopsis raciborskii were sampled. This water was submitted to 
coagulation with different forms of O. stricta cladodes (crude, pulverized and solution), concentration 
(10; 50 and 100 mg/L) and time (5, 15, 30, 60 and 120 min). In order to assess cell removal, readings 
were made in aliquots of 5 mL of samples analyzed by triplicates counting on sedimentation chambers 
using an inverted optical microscope, according to the Utermöhl method.  Dosage of 100 mg/L from the 
solution form of O. strica cladodes gave the best cell and turbidity removal. Colonial species were fast 
removed than filaments. The most removal occurred in the first 30 min of experiments. No significant 
differences were observed for pH changes in the experiments. O. stricta cladodes gave satisfactory 
results in reducing cyanobacteria cell in water; however, complete removal was not obtained; further 
studies are necessary to evaluate the best concentrations and the mechanisms of cyanobacteria 
removal.  
 

Key words: Eutrophication, biobased coagulants, Cactus.   
 
 

INTRODUCTION  
  

Eutrophication is considered the Earth‘s most important 
water quality problem (Schindler, 2012). It often results in 
blooms of potentially toxic cyanobacteria that complicate 
the use of lakes and reservoirs and can cause potential 
public health risk (Azevedo et al., 2002; Huisman et al., 
2018). Cyanobacteria have adapted to survive in a 
variety of aquatic and terrestrial environments and have 
been found globally (Rigosi et al., 2014). Harmful 
cyanobacteria have been increasingly gaining the 
attention of scientists and government agencies  because 

they are known to produce various bioactive compounds, 
and some of them show beneficial therapeutic effects; 
thus, used as dietary supplements as well as mood 
enhancers (Jensen et al., 2001). Other cyanobacteria can 
produce cyanotoxins, which are harmful to humans, 
animals, and plants and fall into five different types of 
toxins: (i) hepatoxins (cylindrospermopsin, microcystins 
and nodularins); (ii) neurotoxins (anatoxin-a and 
saxitoxins); (iii) dermatotoxins; (iv) cytotoxins; (v) and 
irritant toxins [lipopolysaccharides (LPSs)] (Graham et al., 
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2010).  

Cyanotoxin can be accumulated into aquatic products 
via contaminated feeds, direct contact with contaminated 
water (living environment) and biomagnification through 
the food web (Ibelings and Chorus, 2007; Vasconcelos et 
al., 2013). Plants are not usually killed by the 
environmentally relevant concentration, but their growth 
and crop yields are affected (Babica et al., 2006; 
Bittencourt-Oliveira et al., 2016; Svirčev et al., 2017). In 
addition, the soil may retain toxins when extra water flows 
through, and it can bioaccumulate toxins during non-
bloom seasons (Pflugmacher et al., 2007; Corbel et al., 
2014). Humans are exposed to cyanotoxin through 
drinking water, inhalation, dermal contact and foods 
(Carmichael et al., 2001; Cheung et al., 2013; Lee et al., 
2017). 

Thus, controlling eutrophication and mitigating potential 
toxic cyanobacteria is an essential task (Lürling et al., 
2016). Conventional chemicals, like algicidies are used to 
remove cyanobacterial blooms but their application may 
come with shortcomings such as toxins and nutrient 
release or unwanted ecotoxicological side effects 
(Jančula and Maršálek, 2011; Merel et al., 2013). 
Removal of cyanobacteria from the water column using a 
combination of coagulant and ballast are a promising 
technique for controlling cyanobacterial bloom. The flock 
and lock and flock and sink techniques remove 
cyanobacteria out of the water column while remaining as 
intact cells where after the cyanobacteria and their toxins 
can be degraded on the sediment (Pan et al., 2011; 
Noyma et al., 2016; Magalhães et al., 2017). For this, the 
use of local soils, clays or waste products can be a faster, 
cheaper and easy to handle alternative.  

In this perspective, natural plant-based coagulants 
have been tested (Miller et al., 2008; Nishi et al., 2011; 
Camacho et al., 2017).  The main advantages of using 
this for water treatment are apparent; they are cost-
effective, unlikely to produce treated water with extreme 
pH and highly biodegradable (Daza et al., 2016). These 
advantages are especially augmented if the plant from 
which the coagulant is extracted is indigenous to a rural 
community (Yin, 2010). In the era of climate change, 
depletion of the earth's natural resources and widespread 
environmental degradation, the application of these 
coagulants is a vital effort, aligned with global sustainable 
development initiatives. 

Application of cacti species for water treatment is 
rather recent compared to other natural coagulants such 
as common bean (Phaseolus vulgaris) (Antov et al., 
2010) nirmali seed (Strychnos potatorum) (Babu and 
Chaudhuri, 2005) or Moringa oleífera (Muthuraman and 
Sasikala, 2014; Oladoja and Pan, 2015). The most 
commonly studied cactus genus for water treatment is 
Opuntia, which represents one of the most diverse and 
distributed genera of plants (Zhang et al., 2006; Miler et 
al., 2008; Ortiz et al., 2013; Oladoja, 2015). It has since 
been introduced all over the world  and  can  be  found  in  

 
 
 
 
temperate, subtropical and tropical regions (Izuegbuna et 
al., 2019). Besides Opuntia, other cactus species 
including Cactus latifaria have also been successfully 
used as natural coagulants (Diaz et al., 1999). 

The high coagulation capability of Opuntia is most likely 
attributed to the presence of mucilage which is a viscous 
and complex carbohydrate stored in cactus inner and 
outer pads that has great water retention capacity (Saenz 
et al., 2004). Previous studies have established that 
mucilage in Opuntia cactis contains carbohydrates such 
as l-arabinose, d-alactose, l-rhamnose, d-xylose, and 
galacturonic acid (Trachtenberg and Mayer, 1981).  Miller 
et al. (2008) reported that galacturonic acid is possibly 
the active ingredient that affords the coagulation 
capability of Opuntia spp. though it should be noted that it 
only accounts for only 50% of turbidity removal.  

Among Opuntia species, only a few works are found in 
literature using O. stricta for water treatment (Zhang et 
al., 2006), however, this species is resistant to the 
carmine cochineal pest (Dactylopius spp.) being widely 
cultivated, especially in the Brazilian semiarid (Santos et 
al., 2018). It is noteworthy that no study was carried out 
to evaluate the coagulation potential of Opuntia species 
for the removal of cyanobacteria. Therefore this study 
analyzed the potential efficiency of O. stricta cladode as a 
coagulant for the removal of cyanobacteria cells. These 
coagulants are not only naturally reproducible but may 
also offer many other advantages like local availability, 
adaptability, and lesser health hazards than residual 
mineral coagulants or synthetic polymers.  
 
 
MATERIALS AND METHODS 
 

Study site 
 

Bodocongó reservoir is located in Campina Grande, Brazilian 
semiarid (7º13'11" S, 35º52'21" W), at an altitude of 548 m above 
de sea level. The climate conditions are a warm semiarid (BSwh in 
the Köppen system).  The temperature of annual mean is between 
25 and 31ºC and rainfall of 700 mm/year. The reservoir is part of 
Paraíba river basin; it has a surface area of 371897 m2, a mean and 
maximum depth of 3.5 and 7.0 m, respectively, a mean total water 
volume of 1019830 m3, which may vary considerably depending on 
climate conditions.  The urbanization processes around the 
reservoir promote frequently sewerage and wastewater discharge 
into Bodocongó‘s waters, and also a decline in riparian vegetation. 
It is a hipereutrophic reservoir with mean concentration of a total 
Potasium of 396.0 µg/L (Abílio et al., 2006).  

For the assays, water samples were taken from different sites in 
the reservoir on January, 2019. At this time there was a 
cyanobacterial bloom, with contributions of Microcystis aeruginosa 
(Kützing) Kützing 1846, Sphaerocavum brasilense De Azevedo & 
C.L. Sant' Anna 2003, Cylindrospermopsis raciborskii 
(Woloszynska) Seenayya & Subba Raju in Desikachary 1997 and 
Plankthotrix isothrix (Skuja) Komárek and Komárková 2004.  
 
 
Preparation of coagulant 
 

The cactus O. stricta were collected from experimental campus of 
Brazilian  National  Semiarid  Institute  (INSA,  for  this   acronym  in  
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Figure 1. Schematic representation of experimental design. 

 
 
 
Portuguese). To assays, the cladodes were used in three forms: 
Crude form, pulverized and pulverized solution. The collected 
cladodes were washed with ultrapure water, spines were removed 
and then stored in refrigerator at 4ºC, to assays with crude form. 
Other part of cactus was sliced into strips 1 cm wide, freeze and 
lyophilized at -80ºC. The dried cactus was milled using a Wiley mill 
and sieved with the aid of sieves (ABNT, 2010); a powder was 
obtained with particles of approximately 100 μm in diameter (Miller 
et al., 2008). A part of this is used in pulverized assays and others 
were diluted to 1% stock solution (concentration = 1000 mg/L) to 
pulverized solution assays. The solution of the lyophilized was used 
because studies of Subramonian et al., (2014) pointed out different 
absorption sites between the solid and diluted strata. 
 
 

Experimental design 
 

The efficiency of O. stricta to remove cyanobacteria was tested in a 
laboratory scale. The experiments were composed by three 
treatments (form, concentration and time) with 3 to 5 levels repeated 
three times (Figure 1).  

Aliquots of 1000 mL water of Bodocongó reservoir were 
transfered to 2000 mL graduated beckers. Water was treated with 
designated treatment (final concentration of 10, 50 and 100 mg/L) 
or left untreated (controls), at 25ºC. After 5, 15, 30, 60 and 120 min, 
pH, turbidity and total dissolved solids (TDS) were measured with 
HORIBA U52 multiparameter. Samples with 5 mL were fixed with 
2% lugol solution for quantitative analyzes using inverted 
microscope (Zeiss Axiovert), as described by Utermöhl (1958).   
 
 
Data analyzes  
 

Results were examined by analysis of variance (ANOVA), followed 
by Fisher‘s multiple comparison test for all measured parameters 
(pH, turbidity, TDS  and  cyanobacteria  cells),  for  each  treatment. 

Normality was assessed by Kolmogorov-Smirnov test and the 
homoscedasticity by Fisher‘s test. The effects of combined 
treatments were estimated by two-way ANOVA. For this statistical 
analyzes, values with p<0.05 were considered significant.  The 
program ‗Statistica‘ version 7.0/2004 (Statsoft) was used. 
 
 
RESULTS 
 
Significant differences were observed in the density of 
cyanobacteria, TDS and turbidity, when compared to the 
forms of O. stricta used after 120 min exposure. The best 
results occurred when the solution was used (Table 1). 
Among the concentrations tested, significant differences 
were observed in all forms used, for all variables except 
pH and TDS. The best coagulant effects were observed 
at dose C2 (50 mg/L), except when solution was used, 
when C3 dosage were more effective, however, not 
significantly different. The effects of the interaction 
between form and concentration were observed only for 
the turbidity variable (Table 1).  

Significant statistical interaction was observed regarding 
exposure time and O. stricta forms to all variables, except 
pH (Fcyanobacteria cell= 8.3, p<0.01; FTDS=40.9, p<0.01; 
FTurbidity=5.9, p<0.01).  

For all treatments were observed Cyanobacteria cell 
removal, that ranged from 30(±4.3) to 70(±2.7).  
Considering the time factor, significant differences were 
observed to coagulation process, however cell removal 
occurred majorly in the first 30 min of the experiments 
(Figure 2A).  Colonial  species  were  fast  removed  in all  
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Table 1. Mean and standard deviation of Cyanobacteria cell, pH, total dissolved solids (TDS) and turbity for different forms and concentration of O. stricta treatments after 120 min.  
 

Variable Control  
Crude form 

 
Pulverized 

 
Solution  

 
Form* 

Interation (Form 
x Concentration) 

 
C1 C2 C3 

 
C1 C2 C3 

 
C1 C2 C3 

Cyanobacterial 
cell (Cell/mL) 

106570 
(±1150)

a
  

61668 
(±1100)

b
 

56486 
(±920)

c
 

76220 
(±930)

b
  

58944 
(±543)

b
 

34592  
(±341)

c
 

60475  
(±568)

b
  

50510  
(±786)

b
 

31998  
(±552)

c
 

30994  
(±540)

c
  

CF=P≠S ** 

                 

pH 8.0 (±0.1) 
 

8.04 7.92 7.7 
 

8.1 8.1 8.0 
 

7.8 7.8 7.7 
 

** ** 

TDS (g/L) 1.7(±0.1)
a
 

 
1.5(±0.1)

a
 1.4(±0.1)

a
 1.5(±0.1)

a
 

 
1.7(±0.1)

a
 1.6(±0.1)

a
 1.7(±0.1)

a
 

 
1.5(±0.1)

a
 1.2(±0.1)

b
 1.0(±0.1)

a
 

 
CF=S≠P ** 

Tubidity (NTU) 
58.1 

(±1.5)
a
  

31.7 
(±2.0)

b
 

28.7 
(±2.2)

c
 

30.6 
(±1.5)

b
  

36.8 
(±2.7)

b
 

48.8 
(±7.2)

b
 

47(±7.0)
b
 

 

28.7 
(±2.8)

b
 

25.9 
(±1.7)

c
 

23.0 
(±2.6)

c
  

CF=S≠P <0.05 

 

Data with same letter did not differ significantly (p>0.05) among concentrations applied. *ANOVA for Form treatment – CF (crude form), P (Pulverized), S (Solution) 
** Not differ significantly (p>0.05) 

 
 
 
treatment. Filaments were optimally removal after 
30 min of experiment.  

pH in water increased in pulverized treatments 
and decreased in crude form and pulverized 
solution treatments, but no significant differences 
were observed (Table 1). These results indicated 
that the use of O. stricta does not alter pH of 
water and this efficiency is not strictly dependent 
on pH.  

The optimal conditions to remove TDS of water 
occurred with pulverized solution in C3 
concentration (Figure 2B), however the efficiency 
were lower than 30%. In pulverized treatments an 
increase in TDS were observed in the first 5 min 
of the experiment to C2 and C3 concentration. 

Turbidity removal ranged from 19(±10.9) to 
52(±5.8)%. The optimal results were obtained to 
solution treatment at C3 concentration (Figure 
2C). Significant effect was observed in the 
interaction between form and concentrations, and 
form and time of experiment in the efficiency of 
turbidity removal (Table 1). In Pulverized 
treatments, a gradual increase in turbidity occurred 
after the first 15 min of experiments when C3 
dosage was applied. Significant turbidity removals 
were  observed  after  30 min  of  the  experiments 

using crude form and 60 min using solution 
treatments (Figure 2C).   
 
 
DISCUSSION 
 
O. stricta is a viable alternative for the removal of 
cyanobacteria in water. Considerable cyano-
bacteria cell (30-70%) and turbidity (19-52%) were 
removed after 120 min of the experiments. In this 
case the coagulation activity was qualified as 
present, especially in pulverized solution form. 
Miller et al. (2008) considered coagulation activity 
qualified as ―absent‖ if turbidity removal is below 
30%.  

The predominant coagulation mechanism for 
Opuntia spp. is adsorption and bridging, whereby 
clay particles do not directly contact one another 
but are bound to a polymer-like material from 
Opuntia spp. It was also thought that adsorption 
may occur through hydrogen bonding or dipole 
interactions and this possibility was ascribed to 
the likelihood that natural electrolytes from within 
the Opuntia spp. pad, particularly the divalent 
cations, which are known to be important for 
coagulation  with  anionic  polymers  facilitated  by  

the adsorption (Oladoja, 2015). 
The findings from studies on the screening of 

green biobased materials as coagulants for water 
and wastewater purification showed that these 
evolving type of coagulants hold a lot of potential 
as substitute to the conventional synthetic metal 
or polymer based coagulants in water and 
wastewater treatment operations (Yin, 2010). 
Regarding cyanobacteria removal by coagulation, 
good results have been reported, depending on 
the characteristics of organic matter present in 
water, the prevalent cyanobacteria species, and 
the type and concentration of coagulant (Heng et 
al., 2009; Henderson et al., 2010; Shen et al., 
2011). The results demonstrated a good potential 
of O. stricta to remove colonial and filamentous 
organisms. According to Li et al., (2018), colonial 
species are first removed because they are free of 
protruding appendages, or have mucilage 
(polymeric substances), while, filamentous could 
not be wrapped by coagulants. 
   Natural coagulants exhibit highly effectual 
turbidity removal capabilities, with some of them 
removing up to 99% of initial turbidity (Nish et al., 
2011; Oladoja and Pan, 2015). In the results, 
turbidity  removal  was  about 52%, not exceeding  
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Figure 2. Removal efficiency of cyanobacteria cells, TDS and turbidity at different concentrations and forms of O. stricta along time.  

 
 
 

21 NTU. 
The absence of removal and increase in water turbidity 

observed may have occurred due to the addition of the O. 
stricta in pulverized form, increasing the organic load. 
Similar increases in color and turbidity in water treated 
with green biobased coagulants have been observed in 
other studies, using M. oleifera, particularly when the 
initial color and turbidity are relatively low 
(Ndabigengesere and Narasiah, 1998).  

It was observed that coagulation activity reduced when 
the O. stricta dose is too low or too high, with best results 
at intermediate dosage (50 mg/L); this is consistent with a 
bridging removal mechanism. The bridging mechanism 
required a stoichiometric relationship between particle 
concentration and coagulant dose (Oladoja, 2015). Such 
efficiencies are certainly comparable to the established 
chemical coagulants (e.g. aluminum).  Optimum  dosages 

are generally within the range of 10 to 60 mg/L. Natural 
coagulants are most effective at basic waters as evident 
by the optimum pH values from 7 to 10 (Zhang et al., 
2006; Miller at al., 2008). Furthermore, the pH of the 
water is not affected during coagulation and the pH 
adjustment may not be necessary for subsequent 
treatment processes. 

The presence of humic substances in natural surface 
water may significantly alter Opuntia dose for optimal 
coagulation (Zhang et al., 2006). Therefore, O stricta may 
prove useful as primary coagulant for subsequent 
treatment through slow sand filters; however, its 
efficiency should also be further investigated. Analysis of 
size and nature of flocks achieved through coagulation 
using O. strict is coherent with the previous suppositions 
that potential mechanism of coagulation through Opuntia 
is  adsorption  and  inter-particle bridging (Oladoja, 2015).  
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One of the snags of the use of green biobased 
coagulants is the substantial increase in the organic load 
of the treated water, which may result in the possibility for 
undesired and increased microbial activities. Organic 
matter is regarded as the source of odor, color, and taste, 
and a precursor of disinfection by-products in drinking 
water treatment, so, considering our results, we suggest 
the use of O. stricta to water before irrigation practice.  

This is the first record of use of O. stricta cladodes to 
removal cyanobacterial cell. Other studies are necessary 
to evaluate the performance of O. stricta to remove 
cyanotoxins as well as to improve its efficient and 
compare it to inorganic coagulants.  
 
 
Conclusion 
 
Cactus O. stricta was an abundant natural product, cost 
effective, safe for human health that can be used to 
remove cyanobacteria in water used for irrigation. The 
potential to remove Cyanobacterias can be explored for 
water treatment for consumption associated with other 
coagulants-flocculants. 
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