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The aim of this study was to characterize the beta lactamases genes of bacteria isolated from urinary 
tract infection (UTI) in Assiut, Egypt. Results revealed that one hundred fifty nine [31.8%] out from 500 
urine samples were culture-positive. Escherichia coli was the most common UTI pathogen [61%] 
followed by Klebsiella pneumoniae [23.3%], Proteus mirabilis [8.2%] and Pseudomonas aeruginosa 
[7.5%]. Sensitivity of isolates to ampicillin was [15%], amoxicillin/clavulanic acid [43.5%], ceftriaxone 
[24%], imipenem [95.6%], amikacin [75%], ciprofloxacin [21.4%] and trimethoprim /sulfamethoxazole 
[37%]. Confirmatory phenotypic detection of extended-spectrum β-lactamases [ESBLs] by ESBL E-test 
method resulted in [42.7%] isolates were ESBLs producers. Genotypic characterization of ESBLs genes 
in phenotypically positive isolates resulted in [91.2%] were ESBL producers. The presence of CTX-M 
type ESBL was [75%] followed by TEM [37%], OXA [24%] and SHV [21%]. Sequencing of ESBLs genes 
showed that CTX-M-15, OXA [1,116], TEM-1 and SHV [1, 11,111,115] as new ESBL types. Multiple 
sequence alignment of sequenced genes showed mutation in L31R in SHV-11[Novel SHV-115], E29Q in 
SHV-1[Novel SHV-111], and P65R in TEM-1 and I97M in OXA-1 [Novel OXA-116]. This study is one from 
first studies in Egypt that highlights the presence of multiple mutations in ESBLs. 
 
Key words: Uropathogens, extended-spectrum β-lactamases (ESBLs), mutation, Egypt. 

 
 
INTRODUCTION 
 
UTIs are ranked among the most common infectious 
diseases found in either the community or healthcare 
setting (Nicolle, 2005).

 
UTIs have been described by the 

Egyptians as "sending forth heat from the bladder" since 
ancient times with the first documented description in 
the Ebers Papyrus 1550 BC (Al-Achi, 2008). Many 

studies reported that Escherichia coli and Klebsiella 
pneumoniae represented the most common pathogens 
that caused UTIs in various regions of the world,(Gupta 
et al., 2011) while Pseudomonas aeruginosa, Proteus 
mirabilis,    Enterobacter, Enterococcus species and 
Staphylococcus species represented the  minority  of  the  
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detected uropathogens (Thomson et al., 1994). 

Emergence of antibiotic resistance in uropathogens 
increased sharply over the world. It varies according to 
geographical regions and is directly proportional to the 
excessive use and misuse of antibiotics (Gupta et al., 
2001). Certain microorganisms produce defensive 
enzymes as ESBLs, which own hydrolytic activity 
enabling them to attack β-lactam ring of penicillins 
(Paterson and Bonomo, 2005) β-lactamases possess an 
active site serine, and generally inhibited by β-lactamase 
inhibitors such as clavulanic acid, sulbactam or 
tazobactam (Livermore, 1995). 

TEM-1, SHV-1 and TEM-2 enzymes have limited 
hydrolytic activity, while mutations in these enzyme result 
in extended-spectrum phenotype [ESBLs] manifested in 
serious structural alterations within the active site of the 
protein which potentiate the β-lactamase activity towards 
the third-generation cephalosporins (Stürenburg and 
Mack, 2003). Other types of ESBLs including CTXM, 
OXA, BES, CME, VEB, PER, SFO and GES, which 
characterized by potent hydrolytic activity, have been 
emerged which reflecting the abundance of β-lactamase 
genes that are available in the bacterial gene pool 
(Ambler et al., 1991; Livermore, 1995; Philippon et al., 
2002; Poirel et al., 2002; Stürenburg and Mack, 2003). 

In many studies, a remarkable increase in the ESBL 
rate was reported from all regions of the world (Eisner et 
al., 2006; Gupta, 2007; Hosoglu et al., 2007). 
 
 
MATERIALS AND METHODS 
 
Collection of urine samples 
 
A total of 500 clinical samples were collected from Al Azhar 
university hospital, Assiut, during the period of 1 January 2014 to 1 
July 2014, urine samples were collected in a sterile container 
according to the methods described by Cheesbrough from patients 
previously clinically diagnosed with UTIs (Cheesbrough, 2006). 
 
 
Isolation and purification of uropathogens 
 
Urine samples were centrifuged at 3.000 r.p.m for 5 min and the 
sediment was streaked on cysteine lactose electrolyte deficient 
agar [Oxoid, UK] for isolation of different uropathogens. 
 
 
Morphological and Biochemical characterization of isolated 
bacteria 
 
Purified isolates were examined macroscopically and 
microscopically. Catalase and oxidase tests performed for all 
isolates. API 20 E and API 20 NE [Biomerieux, France] were used 
for confirmatory identification of purified isolates from 
Enterobacteriaceae, and Pseudomonas spp. (Butler et al., 1975; 
Peladan and Monteil, 1988). 
 
 
Antimicrobial susceptibility testing 
 
The antimicrobial susceptibility test was performed using disks 
[ampicillin 10 µg, amoxicillin/clavulanate 20/10 µg, ceftriaxone 30  

Salah et al.          1939 
 
 
 
µg, imipenem 10 µg, amikacin 30 µg, ciprofloxacin 5 µg and 
trimethoprim/ sulfamethoxazole 1.25/ 23.75 µg] diffusion test were 
performed using the routine discs diffusion procedure described by 
(Bauer et al., 1966) using Muller-Hinton agar [Oxoid Limited, 
Hampshire, England] according to the recommendations of Clinical 
Laboratory Standards Institute [CSLI]. E. coli [ATCC 25922] was 
used as control strain.  

The assay was conducted in duplicate for each organism 
evaluated. The zone size around each antimicrobial disc was 
interpreted as susceptible, intermediate or resistant according to 
interpretative criteria recommended by CLSI (2013). Isolates with 
inhibition zone ≤ 25 mm to ceftriaxone 30 μg [Oxoid, UK] was 
considered as ESBLs producers (CLSI, 2013).  

The ESBL-E-Test strips [AB biodisc, Solna, Sweden] 
ceftazidime/ceftazidime + clavulanic acid [TZ/TZL] and 
cefotaxime/cefotaxime + Clavulanic acid [CT/CTL] were used as 
per the manufacturer's instructions. An isolate was ESBL positive 
when the minimum inhibitory concentration [MIC] ratio was ≥ 8 and 
negative when the MIC ratio was < 8 (Mortensen et al., 2005; CLSI 
2013). 
 
 
Genetical analysis 

 
DNA was purified by using WIZARD Genomic DNA Purification Kit 
(Promega, Germany, catalog No. A1125), following instructions as 
directed by the manufacturer.  

PCR was conducted for detection of specific genes according to 
the resistance phenotype using forward and reverse primers for the 
following genes bla-TEM, bla-SHV, bla-CTX-M, and bla-OXA 
(Oliver et al., 2002; Pagani et al., 2003). PCR reactions was carried 
out in 50 μl reactions with 2μl forward and reverse primers, 2 μl 
template DNA, and 10 ml of 5Xof Hot Master Mix [Solis BioDyne -
Tartu Estonia]. Thermal cycling consisted of different conditions for 
amplification of each gene (Table 1).  

 
 

Agarose gel electrophoresis 
 

The PCR products were visualized using agarose [1%] gel 
electrophoresis [Biometra-Agarose gel mini, Germany] (Brook, 
2005). amplicons sizes were calculated by a comparison with 100 
bp to 3kb molecular weight DNA ladder [Solis BioDyne -Tartu 
Estonia]. PCR products were purified using the Agencourt XP 
Ampure Beads [Beckam Coulter, USA]. The quality of the final 
products were assessed using a Bioanalyzer 2100 [Agilent 
Technologies, USA] and after quantification with a Qubit [Invitrogen, 
USA]. 
 
 
Sequencing of PCR products 
 
β-lactamases were identified by sequencing the purified PCR 
amplicons using the dideoxynucleotide chain termination method 
with fluorescent cycle sequencing using dye-labelled terminators 
[BigDye Terminator version3.1cycle sequencing  kit; Applied 
Biosystems, Grand Island, NY, USA] on an ABI prism 3730 
automated DNA sequencer (Sanger et al., 1977). 

 
 
Sequence assembly, analysis and alignment 

 
The sequences obtained of ESBLs was assembled by [DNA Baser 
Sequence Assembler v4.32, 2015; Heracle BioSoft, 
http://www.DnaBaser.com] and compared with published 
sequences from the same genomic region available in GenBank 
[BLAST] (McGinnis and Madden, 2004). The multiple sequence 
alignment was  performed  by  the  online  software  Clustal  Omega  
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Table 1. Universal primers and PCR conditions for β-lactamases. 
 

Expected 
size [bp] 

Reference PCR conditions Oligonucleotide sequence [5` to 3`] Primers Gene 

867 
Oliver et al. 
(2002) 

1 cycle of 5 min at 96°C; 35 cycles of 1 min at 96°C, 1 min 
at 43°C , 1 min at 72°C; 1 cycle of 10 min at 72°C 

5`- ATGAGTATTCAACATTTCCG- 3` 

5`- CTGACAGTTACCAATGCTTA- 3` 

TEM-F 

TEM-R 
blaTEM 

      

867 
Oliver et al. 
(2002) 

1 cycle of 5 min at 96°C; 35 cycles of 1 min at 96°C, 1min 
at 48°C, 1min at 72°C; 1 cycle of 10 min at 72°C 

5`- GGTTATGCGTTATATTCGCC- 3` 

5`- TTAGCGTTGCCAGTGCTC- 3` 

SHV-F 

SHV-R 
blaSHV 

      

885 
Oliver et al. 
(2002) 

1 cycle of 5 min at 96°C; 35 cycles of 1 min at 96°C, 1 min 
at 46°C, 2 min at 72°C; 1 cycle of 10 min at 72°C 

5`- ACACAATACATATCAACTTCGC- 3` 

5`- AGTGTGTTTAGAATGGTGATC- 3` 

OXA-F 

OXA-R 
blaOXA 

      

593 
Pagani et al., 
(2003) 

1 cycle of 7 min at 94°C ; 35 cycles of 50 s at 94°C , 40 s 
at 50°C, 1 min at 72°C; 1 cycle of 5 min at 72°C 

5`- ATGTGCAGYACCAGTAARGT- 3` 

5`- TGGGTRAARTARGTSACCAGA- 3` 

CTX-M-F 

CTX-M-R 
blaCTX-M 

 
 
 

Table 2. Total antimicrobial susceptibility pattern of UTI isolates results. 
 

Total 
Pseudomonas 

aeruginosa 
Proteus mirabilis K. pneumoniae E. coli 

Isolate 

R I S R I S R I S R I S R I S 

127 8 24 12 0 0 10 1 2 36 1 0 69 6 22 N 
Amp 

80 5 15 100 0 0 77 7.7 15.3 97.3 2.7 0 71 6 23 % 

109 11 39 11 1 0 5 3 5 28 0 9 61 7 29 N 
CRO 

76 7 24 91.7 8.3 0 38.5 23 35.5 75.6 0 24.4 62.8 7.2 30 % 

51 39 69 12 0 0 5 2 6 13 12 12 21 25 51 N 
AMC 

32 24.5 43.5 100 0 0 38.5 15.5 46 35.2 32.4 32.4 21.7 25.8 52.5 % 

6 1 152 5 0 7 0 0 13 0 0 37 1 1 95 N 
IMP 

3.8 0.6 95.6 41.7 0 58.3 0 0 100 0 0 100 1 1 98 % 

64 61 34 1 1 10 3 7 3 21 13 3 39 40 18 N 
CIP 

40.2 38.4 21.4 8.3 0 91.7 23 54 23 57 35 8 40.2 41.3 18.5 % 

26 14 119 1 0 11 2 1 10 12 2 23 11 11 75 N 
AK 

16 9 75 8 0 92 15.3 7.7 77 32.4 5.4 62.2 11.5 11.5 77 % 

93 7 59 11 0 1 8 1 4 23 1 13 51 5 41 N 
SXT 

58.5 4.5 37 93.7 0 8.3 61.5 7.7 30.8 62.2 2.7 35.1 52.6 5.1 42.3 % 

 
N=number, %=percentage, S=sensitive, I=intermediate, R=resistant, amp=ampicillin, CRO=ceftriaxone, AMC=amoxicillin-clavulanic acid, Imp 
= imipenem, CIP=ciprofloxacin, AK=amikacin, SXT=sulfamethoxazole-trimethoprim. 

 
 
 
[EMBL-EBI, Hinxton, UK] (Sievers et al., 2011). A mutation was 
considered evident if it resulted in a unique amino acid change 
when compared with available NCBI sequences  TEM-1 
[NG_041152],OXA-1 [NG_041621], NG_039554 [SHV-1] and 
CTXM-15 [NG_037755] [http://www.ncbi.nlm.nih.gov]. 
 
 

Statistical analysis 
 

Data were analyzed using the Statistical Package for the Social 
Sciences software version 20 [SPSS Inc., Chicago, IL, USA]. A P 
value of <0.005 for a whole family of tests was considered 
statistically significant. 
 
 

RESULTS 
 

Out  of  the  collected  samples   31.8%   [159/500]   were 

culture positive. E. coli was the most predominant 
pathogen 61% [97/159]. Other uropathogens were K. 
pneumoniae 23.3% [37/159], P. aeruginosa 7.5% 
[12/159] and P. mirabilis 8.2% [13/159]. 

The bacteria species showed varying susceptibility 
patterns to seven of the antimicrobial agents (Table 2). 
 
 
Performance of ESBL phenotypic detection tests 
 
All isolates were tested for the production of the ESBLs. 
Preliminary screening of reduced susceptibility to 
ceftriaxone resulted in 75.5% [120/159], were ESBLs 
producers out of them E. coli 70% [68/97], K. 
pneumoniae  81%  [30/37],  P. mirabilis  77%  [10/13],  P.  

l%20
l%20
l%20
l%20
l%20
l%20
l%20
l%20
l%20
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Figure 1. Agarose gel electrophoresis of PCR amplified β-lactamases genes. Lane lad: ladder with size range from 100bp to 
3000bp. Lane OXA: OXA gene appear at 585bp. Lane CTX-M: CTX-M gene appear at 593bp. Lane TEM: TEM gene appear 
at 867bp. Lane SHV: SHV gene appear at 885 bp.   

 
 
 
aeruginosa 100% [12/12]. Confirmatory test by ESBL-E-
Test resulted in 42.8% [68/159], were ESBLs producers 
out of them E. coli 35% [34/97], K. pneumoniae 62% 
[23/37], P. mirabilis 38.5% [5/13] and P. aeruginosa 50% 
[6/12]. 
 
 
Genotypic detection of β-lactamases producers by 
PCR 
 
Amplification of bla-TEM, bla-SHV, bla-OXA and bla-
CTX-M genes by PCR using universal primers for 68 
isolates of phenotypic ESBL producers (Figure 1). 

TEM gene detected with 37% [25/68], SHV 21% 
[14/68], OXA 24% [16/68] and CTX-M 75% [51/68] which 
is most predominant gene detected. TEM gene were 
detected in E. coli 41% [14/34], K. pneumoniae 26% 
[6/23], Proteus mirabilis 40% [2/5] and highly percentage 
detected in P. aeruginosa  50% [3/6]. SHV gene was 
detected in E. coli 12% [4/34], K. pneumoniae 26% 
[6/23],  P. aeruginosa  33%  [2/6]  and  highly  percentage 

detected in P. mirabilis 40% [2/5]. OXA gene were 
detected in K. pneumoniae 22% [5/23], P. aeruginosa  
17% [1/6], P. mirabilis 20% [1/5] and highly percentage 
detected in E. coli 26% [9/34]. CTX-M gene was detected 
in K. pneumoniae 74% [17/23], P. aeruginosa 67% [4/6], 
P. mirabilis 20% [1/5] and highly percentage detected in 
E. coli 85% [29/34] (Table 3). 
 
 
Detected types of β-lactamases by sequencing 
 
Alignment of sequenced β -lactamases genes with 
BLAST resulted in, CTX-15 ESBL type, the only detected 
among CTX-M gene 100% [51/68]. OXA-1 type present 
with 93.5% and OXA-116 present with 6.5% among OXA 
type ESBL gene. TEM-1 β -lactamase the only detected 
among TEM gene. SHV-1 β-lactamase present with 57% 
[8/14], SHV-11 -lactamase type present with 29% [4/14], 
SHV-111 ESBL type present with 7% [1/14] and SHV-115 
ESBL type present with 7%[1/14] among SHV ESBL 
gene. 
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Table 3. Frequency distribution of β -lactamases among urinary isolates. 
 

Total 
Occurrence 

Gene 
Pseudomonas aeruginosa Proteus mirabilis K. pneumonia E. coli 

6 0 2 3 1 ZERO 

1 0 1 0 0 TEM  

1 0 0 1 0 SHV  

15 0 0 6 9 CTX-M  

2 0 0 0 2 OXA  

6 1 0 4 1 CTX-M +TEM 

3 0 0 1 2 CTX-M+SHV 

2 1 1 0 0 TEM+SHV 

11 2 0 3 6 CTX-M+OXA 

2 0 0 0 2 OXA+TEM 

3 1 0 2 0 OXA+SHV 

2 0 0 0 2 CTX-M +TEM+SHV 

10 1 0 0 9 CTX-M+OXA+TEM 

2 0 1 1 0 CTX-M+OXA+SHV 

2 0 0 2 0 CTX-M +TEM +OXA+ SHV 

68 6 5 23 34 Total 

 
 
 

Table 4. Mutations detected in sequenced β-lactamases genes. 
 

OXA-1 SHV-11 SHV-1 TEM-1 Gene 

K. pneumoniae K. pneumoniae E. coli E. coli Microorganism 

RAWAN2015 MR1982 esam1980 NORAN2014 Strain 

I97M L31R E29Q P65R Mutation 

OXA-116 SHV-115 SHV-111 ……….. Novel ESBL 

CTX-M,SHV CTX-M, OXA CTX-M CTX-M, OXA Other ESBLs detected 

KR780478 KR780481 KR780480 KR632744 Accession number 

 
 
 
Mutations in sequenced β-lactamases 
 
Multiple sequence alignment of ESBL genes resulted in 
detection of multiple mutations and development of novel 
ESBL types (Table 4). 
 
 
DISCUSSION 
 
In our results, the leading pathogen causing UTI was E. 
coli [61%] followed by K. pneumonia [23.3%], P. mirabilis 
[8.2%] and P. aeruginosa [7.5%] which nearly similar to 
that reported by Ibrahim et al. (2014) in Egypt. E. coli was 
the most common pathogen causing UTI in the world this 
in agreement with our study (Gupta et al., 2011). Blindly 
treatment of UTI leads to increase the resistance rate of 
these pathogens to antibiotics especially β–lactam 
antibiotics due to excessive and misuse of these 
antibiotics. Imipenem was the most effective antibiotic 
against UTI and activity more than 95% because of less 
used due to economic considerations. 

In this study production of ESBLs varies from type of 
isolate to another. P. aeruginosa was the most powerful 
ESBLs producers [100%], followed by E. coli 97%, K. 
pneumoniae 82.6% and finally P. mirabilis 82%. In our 
study sequenced CTX-M showed that most CTX-M 
genes were CTX-M-15 as that detected  in Egypt and 
middle east area (Amin et al., 2005; Thabit et al., 2011). 
In our study, multiple mutations detected among β-
lactamases; in SHV-11 gene there is mutation in position 
31, amino acid Arginine instead of amino acid Leucine 
[L31R], results in novel SHV-115 K. pneumoniae strain 
MR1982 ESBL with accession number [KR780481]. 
L31R mutation in Klebsiella was the first detected in 
middle east and the second detected in world  after 
Mendonça et al. (2009)

 
in Portugal from Klebsiella results 

in novel SHV 61. TEM-1 gene show mutation in position 
65, amino acid Arginine instead of amino acid Proline 
[P65R] results in E. coli strain NORAN2014 β-lactamase 
TEM-1with accession number [KR632744.1]. In SHV-1 
gene there is mutation in position 29, amino acid 
Glutamine  instead  of   amino   acid   Glutamate   [E29Q]  

l%20
l%20
l%20
l%20
l%20


 
 
 
 
results in novel SHV-111 ESBL, E. coli strain esam1980 
with accession number [KR780480.1]. In OXA-1 gene 
there is mutation in position 97, amino acid Methionine 
instead of amino acid Isoleucine [I97M] results in novel 
OXA-116, K. pneumoniae strain RAWAN2015 ESBL with 
accession number [KR780478]. 
[http://www.ncbi.nlm.nih.gov]. 
 
 
Conclusion 
 
Frequent consumption and misuse of antibiotics lead to 
mutations and the emergence of new genes more 
aggressive and more resistant to antibiotics, which leads 
to increased mortality and which calls for the search for 
new antibiotics and open new horizons in how to address 
these pathogens. 
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The present study assessed the antibiotic susceptibility patterns of Escherichia coli and Salmonella 
isolates of raw milk from zero grazed cows. A total of 65 milk samples were collected for analysis. The 
standard membrane filtration technique and HiCrome E. coli agar were used in isolation of E. coli from 
milk samples. Isolation of Salmonella species employed pre-enrichment in buffered peptone water 
followed by enrichment in Rappaport and Vassilidis broth prior to Xylose lysine deoxychocolate agar as 
a differential media. The isolates were analyzed for antimicrobial susceptibility to eight different types 
of antibiotics using disc diffusion method. The prevalence of E. coli was 16 (16.7%) and all the samples 
tested were negative for Salmonella. The average colony forming unit for E. coli was 2cfu/mL. All E. coli 
isolates tested were resistant to penicillin (100%) and amoxicillin-clavulanic acid (100%) while 15(93.8%) 
were sensitive to ciprofloxacin. Resistance was also observed in sulfamethoxazole-trimethoprim 
(43.8%), chloramphenicol (12.5%), oxytetracycline (68.8%), streptomycin (12.5%) and gentamicin (25%). 
Of the isolates tested, 14 (87.5%) showed multi-drug resistance pattern. These results confirm that milk 
from zero grazed cows in Arusha was contaminated with E. coli, and that most of the E. coli strains 
isolated were resistant to at least one of the antimicrobial agent commonly used in treatment of human 
diseases. 
 
Key words: Salmonella, Escherichia coli, prevalence, antibiotic susceptibility. 

 
 
INTRODUCTION  
 
Milk is considered virtually sterile when secreted into the 
alveoli of the udder, however; thereafter it may be 
contaminated in the interior or exterior of the udder. While 

the earlier case occurs if the animal is sick, the latter 
results from inappropriate handling practices and 
inadequate environmental hygiene  and  sanitation  along  
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the food value chain (Abate et al., 2015). Cow’s milk, 
being nutritious with high water activity, serves as the 
best medium for most of microorganisms including 
pathogenic bacteria such as E. coli and Salmonella, that 
pose threats to human health (Kanyeka, 2014). 

Although Salmonella, Staphyloccocus aureus and E. 
coli O157:H7 are the bacteria that can be shed through 
milk (Ogilvie, 1986; Fagundes et al., 2012), Coxiella 
burnetii, Listeria monocytogenes, Brucella spp, 
Campylobacter jejuni, Mycobacterium avium subspecies 
paratuberculosis, Bacillus cereus, Mycobacterium 
tuberculosis, Mycobacterium bovis and Yersinia 
enterocolitica are the bacteria commonly contaminating 
milk (Dhanashekar, 2012). A study by Lubote et al., 
(2014), in Tanzania reported that milk quality deteriorated 
along the food value chain; whereby  high prevalence 
rate of Salmonella and E. coli were found in vendors 
(43.8%) and 8.0 x 10

3
 cfu/mL, shops (40%) and 6.6 x 10

3
 

cfu/mL and from producers (33.3%) and 3.0 x 10
3
 

respectively. Microorganisms isolated from animal 
products such as raw or unpasteurized milk and meat 
have long been considered as sources of human 
infections, where salmonellosis has been reported as one 
of the common food-borne infections globally (Addis et 
al., 2011). Salmonella of zoonotic origin has been 
reported to show increasing rates of resistance to 
multiple antibiotics (Mijović, 2012). Such resistance is 
acquired while in the host animal it is spread to humans 
through the food chain (Carattoli, 2003; Sisak et al., 
2006; Kidie et al., 2013). Although E. coli is an enteric 
commensal bacterium in both animals and humans, 
pathogenic strains exist and cause different diseases 
including urinary tract infections, gastroenteritis, 
septicemia, meningitis and peritonitis (Tadesse et al., 
2012). 

The increasing use of antibiotics in veterinary practice 
is suspected to contribute to acceleration of antibiotic 
resistance in microorganisms found where livestock are 
kept (Addis et al., 2011). The irrational use of antibiotics 
in food producing animals could result into antibiotic 
residues in edible tissues and products (Darwish et al., 
2013). It has been reported that, antibiotics used for 
treatment of human bacterial infections are used for 
prophylactic, therapeutic and growth promotion in 
animals too (Phillips et al., 2004). Bacteria that have 
been exposed to low doses of these antibiotics in tissues 
and products from these animals may be less susceptible 
to drugs, and when such bacteria enter the human body 
through consumption of contaminated foods, they may 
cause infections that are resistant to many antibiotics 
(Wang et al., 2011; Clauβen et al., 2013). 

A study conducted in Kilosa and Mvomero districts in 
Morogoro, Tanzania by Kanyeka, (2014) reported 
antibiotic resistance in bacteria isolated from milking 
containers and milk products. Example E. coli was 
reported to be resistant to amoxicillin-clavulanic acid 
(100%),  ampicillin  (100%)  and  amoxicillin  (100%)  and 
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Salmonella showed resistance to ampicillin (100%) and 
amoxicillin (100%). Lubote et al. (2014) reported that, 
milk may contain resistant bacterial strains as a result of 
cross contamination from containers, humans and the 
environment. Due to urbanization and limited diversity of 
pasture, reliance on processed commercial feed mainly 
cereal and oil seed by-products, zero grazed cows are 
prone to diseases and prominent use of antibiotics (Shem 
et al., 2002; Mathews Jr and Johnson, 2013). To this fact, 
little is known about antimicrobial resistance of bacteria 
that are shed by the zero grazed cows in the study area. 
Therefore, the present study aimed at establishing the 
prevalence and ascertaining the antimicrobial 
susceptibility pattern of E. coli and Salmonella isolated 
from raw milk from zero grazed cows in ten wards of 
Arusha city, Tanzania. 
 
 
MATERIALS AND METHODS 
  
Study site 
 
The study was purposively conducted in ten wards (Sombetini, 
Baraa, Engutoto, Moshono, Moivaro, Kimandolu, Sinoni, Lemara, 
Daraja II and Themi) of the Arusha City where some of the 
residents practice dairy cattle keeping as a common economic 
activity (Bukuku, 2013). The Arusha City, which is the headquarter 
of the Arusha region is situated in the north-eastern corner of 
Tanzania, between latitudes 2° and 6° South and longitudes 35° and 
38° East of the Greenwich (Thadeo, 2014).   
 
 
Sample collection 

 
The sample size was determined using the prevalence rate of 90% 
from the previous study by Lubote et al. (2014) and the formula 
used by Addis et al., (2011) which is; 

 

 
 
Where; N is the required sample size, Zα, the normal deviation at 
5% which is 1.96, P, the estimated prevalence which is 90% and d2, 
the precision of estimate considered as 0.05. According to the 
formula, a total of 66 samples should be used in the study. Only 65 
samples were analysed for the study as one of the farmer dropped 
out in the last period of sample collection. 

The studied households were selected randomly from the list of 
dairy keeping households available at the Ward Livestock Offices. 
From each household, milk samples were collected from only one 
milked cow that received medication later than others and that the 
withdraw period for any disease treated was over and seemed 
apparently health. A total of 65 milk samples each from a single 
cow were collected from all the teats on the udder of the selected 
animals. The milk samples were collected during the milking time 
between 17:00 and 19:00h. The udders and teats of the selected 
cows were washed thoroughly with warm water and then dried by 
using towels, then, the fore stream of milk was directed to the 
household milking container so as to clean the orifice hence 
prevent contamination by environmental bacteria. Thereafter, a 
stream of milk was directed to the sterile falcon tubes while avoiding 
the contact between the sampling container, cow’s teats and the 
milker’s hands so to prevent contamination of the samples by 
environmental bacteria. The milk samples were kept in a cool box at  

N= (Zα/2)
2×P(1−P)/d2;  
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about 4°C so as to avoid bacterial proliferation. The samples were 
immediately transported to the Nelson Mandela African Institution of 
Science and Technology (NM-AIST) laboratory for bacterial culture 
within five hours (Lubote et al, 2014). All media used in isolation of 
bacteria were from HiMedia Laboratories Pvt. LTD, Mumbai, India, 
were of analytical grade and used according to manufacturer’s 
instructions.  
 
 
Isolation of E. coli  
 
The standard membrane filtration technique and HiCrome E. coli 
agar were used in isolation of E. coli from milk samples. The 
procedure was carried as described by Robinson and Batt (1999) 
and Lyimo et al. (2016). Briefly, 10ml of milk sample was diluted 
into 90ml of double distilled sterile water. Then, 100ml of the diluted 
sample was filtered through a 47mm membrane filters (cellulose 
nitrate filters) with pore size of 0.45µm (Sartorius Stedium Biotech 
GmbH, Goettingen) in a vacuum filtration system. After filtration, 
each filter membrane was placed on a chromogenic selective agar 
plate (HiCrome E. coli agar) and then pre-incubated at 37°C for 4h 
so as to resuscitate the injured or stressed bacteria, followed by 
incubation for 22h at 44°C.  E. coli were picked, preserved in 15% 
glycerol: 85% Lysogeny broth (LB) and stored at -80ºC for 
subsequent analysis. 
 
 

Isolation of Salmonella  
 
Isolation of Salmonella was carried out according to the procedures 
described by Addis et al. (2011). Briefly, 1.0ml of milk sample was 
pre-enriched with 9.0 ml of buffered peptone water (BPW) for 24h 
at 37°C. Then, 0.4ml of the non-selective pre-enrichment step was 
transferred to 10 ml of Rappaport and Vassilidis broth (RVS) and 
then incubated at 42°C for 24h. Then, a loopful (1µl) of cultured 
broth from the selective enrichment step were streaked onto 
Xylose-Lysine Deoxycholate agar (XLD) plates using a sterile wire 
loop and then incubated at 37°C for 24h. For samples that did not 
show any growth during 24h, incubation was extended to 48h.  
 
 
Colony forming units  
 
The colony forming unit per millilitre (Cfu/ml) was calculated using 
the formula;  
Number of colonies *dilution factor /volume plated (Baranzoni, 
2014).  
 
 

Antimicrobial susceptibility testing  
 
Sensitivity toward eight different antibacterial agents (streptomycin 
300 µg, penicillin 10 µg, tetracycline 10 µg, sulfamethaxazole-
trimethoprim 25 µg, oxytetracycline 30 µg, gentamicin 10 µg and 
amoxicillin-clavulanic acid 3 µg) commonly used  for disease 
treatment in both humans and animals, ciprofloxacin 5µg and 
chloramphenicol 10µg which are drugs reserved for human disease 
treatment was carried out. The procedure described by Lalitha 
(2004) was used. In brief, E. coli cells were resuscitated through 
incubation on nutrient broth (Liofilchem Bacteriology Products, 
Roseto) at 37°C for 24 h. The turbidity was adjusted against 0.5 
Macfarland concentrations (Remel, Lenexa Kansas) by adding the 
E. coli culture into sterile normal saline 0.85% (VWR International, 
West Chester).  

Then, sterile swab was used to spread the E. coli cells on the 
entire surface of the petri dishes that contained Tryptone soy agar 
(Oxoid ltd Basingstoke, Hampshire). Antibiotic discs were 
aseptically  placed  on  top  of  the  swabbed petri  dishes  and   the  

 
 
 
 
antibiotics were allowed to diffuse at 24°C for 15 min followed by 
incubation at 37°C for 24 h. The zones of inhibition were measured 
by using a vernier calliper into the nearest millimetres in order to 
establish the susceptibility profile of E. coli. The susceptibility 
pattern was classified as resistant, intermediate or susceptible 
according to the Clinical and Laboratory Standards Institute (CLSI). 
Performance Standards for Antimicrobial Disk and Dilution 
Susceptibility Tests for Bacteria Isolated From Animals. Clin Lab 
Stand Inst. 2008; 28: M31–A3. Isolates that were not susceptible to 
one or more antibacterial agent in three or more different antibiotic 
classes were considered as multi-drug resistant isolates 
(Magiorakos et al., 2012). 

 
 
Data analysis  

 
Data obtained from the antibiotic susceptibility testing were 
summarized using the Microsoft Excel 2007 and presented in 
tabular form and bar charts. Standard deviation was also calculated 
using Microsoft Excel 2007.  

 
 
RESULTS AND DISCUSSION 
 
Isolation of E. coli and Salmonella  
 
The present study aimed at assessing the prevalence 
and antibiotic susceptibility profile of E. coli and 
Salmonella isolates of zero-grazed cows’ milk. Out of 65 
samples, only 7(11%) were positive for E. coli and 
Salmonella was not detected in any of the samples 
tested. The highest number of E. coli colonies in E. coli 
positive samples was four, thus the average prevalence 
rate of E. coli in the present study was 16 (16.7%). The 
lowest prevalence rate of 116 (12.9%) E. coli has also 
been reported by Worku et al, (2012) in Oromia Regional 
State. Another study by Ekici, et al., (2004) in Turkey 
reported that neither Salmonella nor E. coli was isolated 
in all milk samples collected from individual cows while 
the study by Reta et al. (2016) at Jigjiga City of Somali 
Regional State reported a higher prevalence of 9 (30%) 
E. coli and 1 (3.3%) Salmonella isolates. The differences 
in prevalence rate of E. coli and Salmonella may be 
attributed to the health status of cows whose milk was 
sampled. In this study, milk samples were collected from 
apparently healthy animals and may explain for the low 
prevalence rates observed. The average colony forming 
unit for E. coli was 2 cfu/ml. This indicates that, E. coli 
load in all milk samples were low compared to the 
previous literature by Marth and Steele (2001); that cows 
can shed E. coli up to 10

8
 cfu/ml. These findings implies 

that, raw milk in the study area had low initial bacterial 
count, probably because milk samples were collected 
from animals that were considered apparently healthy, 
this has also been previously observed by Tamime 
(2009). 

The absence of Salmonella in all samples is supported 
by the previous reports that, Salmonella could be shed 
through milk only when the animal is suffering from acute 
clinical salmonellosis and sometimes  by  carrier  animals
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Table 1. Summary of the diversity of E. coli isolates from zero grazed cow’s milk. 
 

Ward  
No. of sample 

per ward 

Number of E. 
coli positive 
samples per 

ward 

Number of 

E. coli 
colonies per 

sample 

E. coli  
Cfu/ml per  

(100
-1

) 

Prevalence 
of E. coli in 
milk/ward 

Number of 

Salmonella 
positive 

samples per 
ward 

Sombetini 6 2 1 1 33.3% 0 

    1  0 

Baraa 6 1 3 3 16.7% 0 

Moshono  6 1 4 4 16.7% 0 

Kimandolu   6 1 4 4 16.7% 0 

Themi  6 1 2 2 16.7% 0 

Olasity  6 1 1 1 16.7% 0 

Moivaro 5 0 0 0 0 0 

Lemara 6 0 0 0 0 0 

Engutoto  6 0 0 0 0 0 

Sinoni  6 0 0 0 0 0 

Daraja II 6 0 0 0 0 0 

Total  65 7 16 16  0 

 
 
 
(Wood et al., 1991; McGuirk and Peek, 2003). 
Furthermore, the absence of Salmonella in milk suggests 
that milk is free from bacteria in the interior of the udder 
only if the animal is healthy (Murphy and Boor, 2000).  
It has also been reported in study by Abate et al. (2015) 
that, milk is virtually sterile when secreted into the alveoli 
of the udder and, after secretion, milk may be 
contaminated within the udder if the animal is sick or 
outside the udder as a result of cross contamination. 
Additionally, presence of E. coli in milk could be due to 
infection of the teats by environmental E. coli or the milk 
was contaminated by E. coli from the environment during 
sampling or because of faulty laboratory procedures 
(Smith et al., 1985; Smith and Hogan, 1993).  

Since milk samples were collected from cows that were 
considered apparently healthy, but had the history of 
medication, it could be that, Salmonella isolates were 
more sensitive whereas E. coli isolates might have been 
resistant to the administered antimicrobials. On the other 
hand, Salmonella and E. coli are enteric bacteria which 
are found in animal’s intestine (Sawant et al., 2007; 
Ouseph et al., 2009; Tadesse et al., 2012) and their 
presence in milk could imply that, the animal is a carrier 
or infected by such bacteria (McGuirk and Peek, 2003). 
Table 1 shows the diversity of E. coli and Salmonella 
isolation from milk samples collected from ten wards of 
Arusha City. 
 
 
Antimicrobial susceptibility testing  
 
Among the isolates tested, 56.3% were susceptible to 
sulfamethoxazole-trimethoprim, chloramphenicol 
(37.5%), penicillin (0%), oxytetracycline (31.3%), 

streptomycin (68.8%), gentamicin (12.5%), ciprofloxacin 
(93.8%) and amoxicillin-clavulanic acid (0%). The 
intermediate pattern observed were sulfamethoxazole-
trimethoprim (0%), chloramphenicol (50%), penicillin 
(0%),  oxytetracycline (0%), streptomycin  (18.8%), 
gentamicin (62.5%),   ciprofloxacin (0%) and    
amoxicillin-clavulanic acid (0%) and resistance pattern 
observed were sulfamethoxazole-trimethoprim (43.8%), 
chloramphenicol (12.5%), penicillin (100%),  
oxytetracycline (68.8%), streptomycin  (12.5%), 
gentamicin (25%),   ciprofloxacin (6.25%) and    
amoxicillin-clavulanic acid (100%).  

Of the selected antibiotics, E. coli were prevalently 
resistant to penicillin (100%) and amoxicillin-clavulanic 
acid (100%). The results are similar to the findings by 
Idriss et al., (2014) who reported that 96% of E. coli 
isolates were resistant to amoxicillin-clavulanic in Nitra, 
Slovakia. Similarly, Belayneh et al., (2014) reported that, 
65% of the E. coli isolates were resistant to penicillin in 
East Showa Zone of Akaki District, Ethiopia. The 
resistance of E. coli isolates to amoxicillin-clavulanic acid 
observed in the present study is, however, higher than 
the findings by Čížek et al. (2008) who reported that, 23% 
of the isolates were resistant to amoxicillin-clavulanic 
acid. The high resistance to amoxicillin-clavulanic acid 
and penicillin reported in the present study could be 
associated with the lack of professionalism in dairy 
farming which may contribute to misuse of these drugs. 
As observed in the present study, during the onsite visits, 
56.9% of the dairy farmers in Arusha City kept no record 
of any health interventions made to their animals. 
Moreover, it could be due to self-medication by using 
experience, instructions from veterinary input shops or 
instructions on the label of the respective medicine, a
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Figure 1. Susceptibility profile of E. coli to selected antibiotics. SXT-Sulfamethaxazole-trimethoprim, C-Chloramphenicol, 
P-Penicillin, TE-Tetracycline, S-Streptomycin, CN-Gentamicin, CIP-Ciprofloxacin, AMC-Amoxillin-clavulanic acid. 

 
 
 
practice that may not always result in the correct 
treatment of the disease. Since in Tanzania, antibiotics 
are sometimes sold without prescriptions (Van de 
boogard et al., 2011), the observed resistance could be 
due to increased use of antibiotics, especially the first line 
antibiotics which are cheap and easily accessible 
(Shakya et al., 2013). The susceptibility profile of E. coli 
to different antibiotics has been summarised in Figure 1 
below.  

The study has also revealed resistance (12.5%) and 
intermediate (60%) patterns to chloramphenicol. These 
findings are in contrast to those reported by Belayneh et 
al. (2014) in East Showa Zone of Akaki District, Ethiopia, 
who reported 100% sensitivity of E. coli to 
chloramphenicol. In this study, a lower proportion (12.5%) 
of the E. coli isolates were resistant to chloramphenicol 
compared to the high resistance rate (40%) reported by 
El-Zubeir and El-Owni (2009). The resistance to 
chloramphenicol reported in the present study may be 
associated with indiscriminate use of this abandoned 
antibiotic. Some studies in Tanzania and Nigeria reported 
that, chloramphenicol is irrationally used in animals as 
evidenced by the presence of its residues in poultry and 
poultry products (Nonga et al., 2010; Darwish et al., 
2013). However, it may be due to transfer of resistant 
genes as a result of cross contamination between 
humans, animals and the environment (Bischoff et al., 
2005;Salehi and Bonab, 2006) or use of other antibiotics 
belonging to aphenicol group (Ruzauskas et al., 2009). 
The susceptibility pattern of E. coli from all the sampling 
sites is summarized in the Table 2.   

Of all the isolates tested, 93.8% were susceptible to 
ciprofloxacin. The prevalence of sensitivity to 

ciprofloxacin in this study is lower compared to the results 
by Lehtolainen (2004) and Persson et al. (2011) who 
reported 100% susceptibility of the isolates to 
ciprofloxacin. The higher sensitivity to ciprofloxacin may 
imply that the drug is not being used in dairy farming to 
treat animal diseases. This may be attributed by the fact 
that, the drug is critical for human medicine and 
prohibited for use in food animals (Boothe et al., 2006; 
Pallo-Zimmerman et al., 2010).  

Among the E. coli isolates tested, 87.5% were multi-
drug resistant. Multi-drug resistance pattern of E. coli has 
also been reported by Haque (2013) in Bangladesh and 
by Memon et al. (2012) in Eastern China. Of the multi-
drug E. coli resistant isolates, 50% showed multi-drug 
resistance to sulfamethoxazole-trimethoprim, penicillin, 
tetracycline and amoxicillin-clavulanic acid. The multi-
drug resistance pattern observed could be the result of 
accumulation of resistance genes in the plasmids, each 
coding for resistance to a specific antibiotic and or multi-
drug efflux pump each pumping out more than one 
antibiotic (Nikaido, 2009). Development of multi-drug 
resistant bacteria is a threat to public health because it 
leads to ineffective treatment of infections and poor 
recovery of the patients (Levy and Marshall, 2004; 
Magiorakos et al., 2012).  

Almost all 16 E. coli isolates showed resistance to at 
least one antimicrobial agent tested and, more than half, 
87.5% (14) showed multi-drug resistance pattern to the 
tested antibiotics. Although the resistant E. coli were 
isolated from samples that were not tested for 
antibacterial residues, there is a possibility that 
antibacterial residues were present in the milk as it has 
been reported by other workers in  Tanzania  (Karimuribo  
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Table 2. Antibacterial susceptibility profile of E. coli isolates of zero grazed cow’s milk to selected antibiotics 

 

WARDS 
Isolate 

No. 

Sulfamethaxaz
ole-

trimethoprim 

Chloram
phenicol 

Penicillin Tetracycline 
Strepto
mycin 

Gentamicin Ciprofloxacin 
Amoxicillin-

clavulanic acid 

Sombetini 
1 - +/- - - +/- +/- + - 

2 + + - - + + + - 

Baraa 

3 + +/- - - + +/- + - 

4 + + - +/- - +/- + - 

5 - + - - +/- +/- + - 

Moshono 

6 + +/- - + + +/- + - 

7 + _ - + + +/- + - 

8 + + - - + - + - 

9 + +/- - - + - + - 

Kimandolu 

10 - +/- - - + +/- + - 

11 - - - - + - + - 

12 - +/- - - - - + - 

Themi 
13 + +/- - + + +/- - - 

14 + + - + + +/- + - 

Olasity 
15 - +/- - - +/- + + - 

16 - + - - + +/- + - 

 
 
 
et al., 2005; Kurwijila et al., 2006). Therefore, 
more extensive research is needed to establish 
the magnitude of the antimicrobial residues and a 
concomitant antimicrobial resistance in food 
animals. The multidrug resistance pattern of E. 
coli isolates is summarized in Table 3.  
 
 
CONCLUSION AND RECOMMENDATION 
 
A total of 16 E. coli isolates were isolated from 65 
milk samples examined. Almost all 16 isolates 
showed resistance to at least one antibacterial 
agent tested and, more than half (14, 87.5%) 
showed multi-drug resistance pattern to the tested 
antibiotics. All 16 E. coli isolates were resistant  to 

the first line antibiotics, penicillin and amoxicillin-
clavulanic acid, probably due to their frequent use 
in dairy units. However, some of the isolates 
showed resistance to chloramphenicol and 
ciprofloxacin drugs that are prohibited for use in 
food-producing animals. This may be due to either 
illegal use of the drugs or transfer of resistant 
genes as a result of interaction with human 
ecosystem.  

Although the resistant E. coli were isolated from 
milk samples that were not tested for antimicrobial 
residues, there is a possibility that antimicrobial 
residues were present in the milk. Therefore, 
extensive research is proposed to establish the 
relationship between antimicrobial resistance and 
antimicrobial residues in food animals  as  well  as 

to detect the pathogenic E. coli from the raw cow’s 
milk.  

Furthermore, public health education should be 
given to the public concerning the prudent use of 
antibiotics so as to avoid the problem of antibiotic 
resistance. Additionally, legislation is required to 
enforce proper use of animal and human 
medicines to minimize cross-transmission of 
resistant genes from animals to humans and vice 
versa.  
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Table 3. Proportion E. coli that were multi-drug resistance 

 

Combination of drugs to 
which multidrug 
resistance was observed  

Number of E. coli isolates  that 
showed multidrug resistance to 

the combination 

Percentage proportion of E. coli that 
showed multidrug resistance to the 

combination (%) 

Sulfamethoxazole-
trimethoprim,penicillin, 
Tetracycline and amoxicillin-
clavulanic acid 

7 50 

Penicillin, tetracycline and 
amoxicillin-clavulanic acid 

2 14.3 

Chloramphenicol, penicillin 
and amoxicillin-clavulanic 
acid 

1 7.14 

Penicillin, streptomycin and 
amoxicillin-clavulanic acid 

1 7.14 

Chloramphenicol, gentamicin 
and amoxicillin-clavulanic 
acid 

1 7.14 

Penicillin, ciprofloxacin and 
amoxicillin-clavulanic acid 

1 7.14 

Penicillin, tetracycline, 
gentamicin and amoxicillin-
clavulanic acid 

1 7.14 

Penicillin, streptomycin and 
amoxicillin-clavulanic acid 

1 7.14 
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The efficacy of some fungicide alternatives as foliar spray was evaluated against bean wilt incidence 
under field conditions. The fungicide alternatives were indole acetic acid, gibberllic acid, Trichoderma 
harzianum, vitamins E and C, lemon grass, moringa leaf and thyme oils. The obtained results showed 
that the applied fungicide alternatives treatments could suppress the incidence of green bean wilt. In 
the light of the present study, a thought-provoking outcome of the following investigation was reached 
when the results clearly indicate that 100% suppression of the disease was reached when the bean 
plants were sprayed with a combination of indole acetic acid 40 ppm + gibberellic acid 40 ppm + T. 
harzianum 10

5 
cfu/ml. Such an arrest in disease development decreased to 90.5 and 86.4% when the 

infected plants were treated with indole acetic acid 20 ppm + gibberellic acid 20 ppm + T. harzianum 10
5 

cfu/ml and T. harzianum was combined with gibberellic acid 40 ppm, respectively. It could be 
hypothetically suggested that combined treatments between growth regulators with the bioagent as 
foliar spraying might be used practically for controlling such soilborne diseases replacing fungicides 
treatments.   
 

Key words: Bean, biocontrol, foliar formulations, fungicide alternatives, wilt disease control. 
 
 

INTRODUCTION 
 

The oldest known beans have been known since earliest 
historic times found in the 5th dynasty tombs where they 
are mentioned in one of Ramses II's paeans. In medicine, 
ancient Egyptians used beans in remedies against 
constipation, as a remedy for a sick tongue, treatment for 
male urinary complaints and when women ate  beans  on  

an empty stomach as a birth control method.  Common 
bean (Phaseolus vulgaris L.) is one of the most widely 
cultivated food legume species in the world (Baudoin et 
al., 2001) for local consumption and exportation purposes 
and is a worldwide food-secure and nutritious worldwide 
crop to people of all income  categories   (Pachico,  1993)   
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especially to the poor as a source of dietary protein 
because animal protein such as meats and fish is often 
rare or completely absent from their diets (Beebe et al., 
2013). Bean is attacked by certain pathogenic fungi 
causing wilt, root-rot and leaf spot diseases which 
seriously affected both plant stand and yield production. 
These organisms can occur individually throughout the 
growing season. 

Bean plants influenced genuinely by wilt which is broad 
disease in the globe also is frequently viewed as 
concerning illustration of major issue of bean production, 
diminishing as well as decreasing both yield and quality 
(El-Mougy, 2001; El-Mougy et al., 2007). Yield losses 
caused as a result of bean wilt disease are more notable 
in developing countries due to higher abiotic stress were 
recorded. The main pathogen responsible for wilt 
incidence of bean was reported to be Fusarium 
oxysporum f. sp. phaseoli (Burnchara and Camacho, 
2000; El-Mougy, 2001). 

The control of bean wilt depends on chemical control, 
biological control, resistant cultivars and control by 
cultural practices. There is therefore a need to develop 
tools and procedures that are simple, fast and accurate 
for the quantification of pathogen populations, 
particularly, Fusarium species. In order to overcome such 
hazardous control strategies, scientists, researchers from 
all over the world paid more attention towards the 
development of alternative methods which are, by 
definition, safe in the environment, non-toxic to humans 
and animals and are rapidly biodegradable. One of such 
strategy is the use of biocontrol agents (BCAs) to control 
fungal plant diseases. Among the BCAs, species of the 
genus Trichoderma is most promising and effective 
biocontrol agent. Trichoderma as antagonist controlling 
wide range of microbes (Chet et al., 1977), and their 
mechanism of mycoparasitism is much more complex, 
involves nutrient competition, hyperparasitism, antibiosis, 
space and cell wall degrading enzymes. 

A successful disease-control program could involve just 
a single practice, but the long term reduction of disease 
losses generally requires the application of several 
control measures. The best way to ensure success of a 
disease-management program is to use integrated 
disease-control measures (Dik et al., 2002). Generally, 
IPM is regarded as the use of environmentally safe 
practices to reduce the disease incidence and 
development or use of multiple control tactics integrated 
into a single pest control strategy (Zinkernagel et al., 
2002). For example, different natural products, that is, 
biocontrol agents, plant extracts, essential oils, 
antioxidant, growth regulators and natural compounds 
were used as an IPM program which takes a somewhat 
different approach in plant disease control (Bindu and 
Kumar, 2009; Li et al., 2009; Sharma et al., 2012). A 
considerable concern in discovering plant-derived anti- 
microbial agents arised recently (Sagdic et al.,  2003)  for  
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alternative application in the strategy of preventing 
bacterial and fungal growth (Lanciotti et al., 2004). Volatile 
compounds and essential oils used as alternatives for 
anti-bacterial and anti-fungal treatments (Jenny, 2000; 
Michael, 2000). Furthermore, Juglal et al. (2002) studied 
the effectiveness of nine essential oils to control the 
growth of mycotoxins producing moulds and observed 
that clove, cinnamon and oregano were able to prevent 
the growth of Aspergillus parasiticus and Fusarium 
moniliforme. Benkeblia (2004) observed an inhibitory 
effect of onion essential oil at different concentrations on 
the growth of F. oxysporum, Aspergillus niger and 
Penicillium cyclopinum. 

In Egypt, the farmers replant the missed holes on the 
same field. This practice could leads to a high population 
of the pathogens, causing serious losses which could 
reach up to 12% (Anonymous, 2012). The Egyptian 
farmers followed unwise and intensive use of fungicides 
for disease management. This strategy proved to be an 
unsatisfactory solution for controlling wilt disease in 
Egypt. Research over the last few decades for alternative 
substances with fungicidal properties has revealed that a 
potentially useful component of integrated disease 
management (IDM) programmes against foliar fungal 
pathogens can be spray applications (Fallik et al., 1997; 
Mann et al., 2004; Mitchell and Walters, 2004). 
Therefore, recently, great attention has been diverted to 
the use of fungicide alternatives for suppressing plant 
diseases (El-Mougy, 1995, 2001, 2009; Siddiqui et al., 
2001; El-Gamal et al., 2003; El-Mougy et al., 2004, 2007; 
Abd-Alla et al., 2009; Abdel-Kader, 1997; Abdel-Kader et 
al., 2011, 2012; Abdel-Kader and El-Mougy, 2014) to 
decrease human and animal health risk concerns. 
Increased use of foliar fungicides has prompted us to 
explore potential impacts of this change in production 
practices and determine if foliar non-fungicide use can be 
justified for use of other than disease management. 
In the present study, an investigation control method to 
disease development and to reduce the yield losses 
caused by wilt using non-fungicidal methods of treatment 
was performed. In this concern, we aimed to determine 
the efficacy of some fungicide alternatives growth 
regulators e.g. indole acetic acid and gibberellic acid 
individually or combined with the bioagent T. harzianum, 
lemon grass, moringa leaf and thyme (essential oils) or 
vitamins C and E (antioxidants) as foliar spray against 
bean wilt incidence under field conditions. 
 
 
MATERIALS AND METHODS 
 
Tested materials 
 
Green bean (P. vulgaris) seeds cv. Giza 3 obtained from Vegetables 
Crop Research Department, Agricultural Research Centre, Giza, 
Egypt. The growth regulators indole acetic acid (IAA) and 
gibberellic acid  (GA)  and  antioxidants  (Vitamins  E  and  C)  were  

http://popups.ulg.ac.be/1780-4507/index.php?id=9019#tocfrom2n2
http://popups.ulg.ac.be/1780-4507/index.php?id=9019#tocfrom2n4
http://popups.ulg.ac.be/1780-4507/index.php?id=9019#tocfrom2n4
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purchased from Al-Gamhoria Company Ltd. for chemicals and 
medicinal instruments, Cairo, Egypt. Commercial essential oils of 
lemon grass (that is, citral, geraniol, borneol and citronellol), 
moringa leaf (that is, significant source of B vitamins, vitamin C, 
provitamin A as beta-carotene, vitamin K, manganese, and protein, 
among other essential nutrients) and thyme (that is, thymol, 
carvacrol, geraniol, thymol methyl ether, a-pinene) were used in the 
present work. Essential oils were purchased from Chemical 
Industrial Development Company (CID), Egypt. The bioagent, used 
in this study is candidate antagonistic isolate of T. harzianum, 
obtained from Culture Collection Unit, Department of Plant 
Pathology, National Research Center, Cairo, Dokki, Egypt. This 
antagonist was isolated from the rhizosphere of various healthy and 
wilt or root rot infected leguminous crops, grown in the Delta and 
Middle Egypt regions, and proved its high antagonistic ability 
against different pathogens during previous work at the same 
department. 
 
 
Agents 
 
Field experiment was conducted at Researches and Production 
Station of National Research Centre at Nubaria region, Beheira 
Governorate, Egypt during 2014 and 2015 two winter growing 
seasons to evaluate the efficacy of some foliar spray treatments for 
controlling green bean wilt disease incidence. This field is well 
known by the authors throughout previous studies as naturally 
heavily infested with soilborne wilt pathogens. Also, it was observed 
that soil infestation with wilt pathogen is not equally distributed in all 
over this field, but it seems to be characterized with semi-
homogeneous distribution with wilt pathogens.  

In the present work, the applied treatments were designed as 
follows: Indole Acetic Acid 10 ppm; Indole Acetic Acid 20 ppm; 
Indole Acetic Acid 40 ppm; Gibberellic Acid 10 ppm; Gibberellic 
Acid 20 ppm; Gibberellic Acid 40 ppm; Indole Acetic Acid 10 ppm + 
T. harzianum (105 cfu/mL-1); Indole Acetic Acid 20 ppm + T. 
harzianum (105 cfu/mL-1); Indole Acetic Acid 40 ppm + T. harzianum 
(105 cfu/mL-1); Gibberellic Acid 10 ppm + T. harzianum (105 cfu/mL-

1); Gibberellic Acid 20 ppm + T. harzianum (105 cfu/mL-1); Gibberellic 
acid 40 ppm + T. harzianum (105 cfu/mL-1); Indole Acetic Acid 10 
ppm + Gibberellic Acid 10 ppm + T. harzianum (105 cfu/mL-1); 
Indole Acetic Acid 20 ppm + Gibberellic Acid 20 ppm + T. 
harzianum (105 cfu/mL-1); Indole Acetic Acid 40 ppm + Gibberellic 
Acid 40 + T. harzianum (105 cfu/mL-1); T. harzianum (105 cfu/mL); 
Vitamin E+ lemon grass oil (2% v:v); Vitamin E + Moringa leaf oil 
(2% v:v); Vitamin E + thyme oil (2% v:v); Vitamin C + lemon grass 
oil (2% v:v); Vitamin C + Moringa leaf oil (2% v:v); Vitamin C + 
thyme oil (2% v:v); Untreated control  
 
 
Field study 
 
Certain weights or volumes of tested materials were added to 20 L 
water to obtain the proposed concentration used (Abdel-Kader et 
al., 2011). The inoculum of the bioagent T. harzianum was used as 
spore suspension at the rate of 105 cfu/mL-1 (Abdel-Kader et al., 
2012). 

Stocks solutions at high concentrations (ppm) of tested growth 
regulators IAA and GA were prepared by dissolving in sterilized 
distilled water, and then different volumes of the prepared solution 
were added to 20 L water to obtain the proposed concentrations. 
The tested essential oils were added individually to 20 L water to 
obtain the proposed concentration of 2%. A few drops of the 
emulsifier Tween 20 (Sigma Co.) were added to the essential oil 
volumes to obtain an emulsion feature. As for antioxidant (vitamin C 
and vitamin E), certain weight of each were dissolved in 20 L  water 

 
 
 
 
to obtain the proposed concentration of 2%.  

All foliar spray treatment were applied twice, the first at the 
emerged stage of bean plants (at two true leaves age) and the 
second after 15 days interval.  

The test field comprised of plots (4×4 m), each comprised of 5 
rows (5 holes/1 m and 20 holes/row). Green bean seeds Giza, 3 cv. 
were sown (at 15 September 2014 and 2015) in all treatments at 
the rate of one seed/hole. Furthermore, the emerged bean seedlings 
were thinned to obtain a uniform number of 80 seedling/plot, in 
order to neglect the incidence of pre-emergence damping-off 
infection of bean seeds from present work calculation. Concerning 
illustration five replicates for every specific treatment and in addition 
untreated plots were taken in consideration. The traditional 
agricultural practices, that is, soil plowing, fertilization, irrigation, 
etc., were followed at all experimental plots. Monitoring and 
scouting for disease incidence in all cultivated plots were preformed 
weekly (El-Mougy, 2001). Then, bean plants showing wilt symptoms 
were recorded. The isolated wilt incident was identified as Fusarium 
oxysporum. Average percent of wilt disease infection was recorded 
15 days after each applied spray and the average accumulated 
disease incidence was calculated at the flowering stage (60 days 
old) of plant growth. 

The field experiments were carried out for two successive winter 
growing seasons 2014 and 2015 at the same field. The average 
percent of wilt incidence for the two growing seasons was 
calculated and recorded as mean disease incidence. Disease 
incidence and reduction were calculated as following equations: 
 
Disease incidence = C-T/T ×100 
 
where C is the number of diseased plants and T is the total number 
of plants.  
 
Disease reduction= D – D1 / D × 100 

 
where D is the number of diseased plants in control and D is the 
number of diseased plants in treatment. 
 
 
Statistical analysis 
 
The obtained data of field experiments were set up in Completely 
Randomized Design (CRD). The data collected were analyzed by 
MSTAT-C program (MSTAT-C, 1988). The means differences were 
compared by Least Significant Difference test (LSD) at 5% level of 
significance. The statistical analysis procedures were kindly carried 
out by Statistical Consulting Office, National Research centre, 
Egypt. 

 
 

RESULTS  
 

Evaluation of some fungicide alternatives against wilt 
incidence was carried out under field conditions for two 
successive growing seasons.  
 
 

Evaluation of growth regulators  
 

Generally, we observed that the results of the disease 
control under the effect of Indole Acetic Acid and 
Gibberellic acid when each was used independently or in 
combination with the biocontrol agent, T. harzianum 
depended on their used concentration (Table 1). A  dose- 

https://en.wikipedia.org/wiki/B_vitamins
https://en.wikipedia.org/wiki/Vitamin_C
https://en.wikipedia.org/wiki/Vitamin_A
https://en.wikipedia.org/wiki/Beta-carotene
https://en.wikipedia.org/wiki/Vitamin_K
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Essential_nutrients
https://ar.wikipedia.org/w/index.php?title=Vitamin_E_deficiency&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=Vitamin_E_deficiency&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=Vitamin_E_deficiency&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=Vitamin_E_deficiency&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=Vitamin_E_deficiency&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=Vitamin_E_deficiency&action=edit&redlink=1
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Table 1. Effect of growth regulators and antioxidants combined with bioagent or essential oils against wilt disease 
incidence of green bean under field conditions during two successive growing seasons. 
  

Foliar spray treatment 
Wilt incidence 

(%)*
 

Disease reduction 
(%) 

Indole Acetic Acid 10 ppm 20.0 23.9 

Indole Acetic Acid 20 ppm 16.2 38.4 

Indole Acetic Acid 40 ppm 12.5 52.4 

Indole Acetic Acid 10 ppm + T. harzianum 11.2 57.4 

Indole Acetic Acid 20 ppm + T. harzianum 10.0 61.9 

Indole Acetic Acid 40 ppm + T. harzianum 7.5 71.4 

Gibberellic acid 10 ppm 18.7 28.8 

Gibberellic acid 20 ppm 16.2 38.4 

Gibberellic acid 40 ppm 13.7 47.9 

Gibberellic acid 10 ppm + T. harzianum 11.2 57.4 

Gibberellic acid20 ppm + T. harzianum 8.7 66.9 

Gibberellic acid40 ppm + T. harzianum 6.2 76.4 

Indole Acetic Acid 10 ppm+Gibberellic acid 10 ppm+T. harzianum 5.0 80.9 

Indole Acetic Acid 20 ppm+Gibberellic acid 20 ppm+T. harzianum 2.5 90.4 

Indole Acetic Acid 40 ppm+Gibberellic acid 40 ppm+T. harzianum 0.0 100 

T. harzianum 7.5 71.4 

Vitamin E + lemon grass oil 10.0 61.9 

Vitamin E + Moringa oil 15.0 42.9 

Vitamin E + thyme oil 10.0 61.9 

Vitamin C + lemon grass oil 7.5 71.4 

Vitamin C + Moringa oil 13.7 47.9 

Vitamin C + thyme oil 7.5 71.4 

Untreated control 26.3 - 

LSD at 0.5% 2.8 - 
 

*Wilt incidence was recorded as the mean percent of disease incidence at the two growing seasons and calculated relatively to 
the number of emerged bean seedlings= 80. 

 
 
 

response experiment was conducted to determine the 
level of wilt incidence and reduction in the percentage of 
the disease to obtain a glimpse of a potential control 
mechanism. 

The data revealed that increasing concentration of 
applied growth regulators showed parallel reduction in 
disease incidence. Moreover, the growth regulator indole 
acetic acid was more effective against disease incidence 
than gibberellic acid. The recorded reduction in wilt 
incidence ranged between 23.9 and 52.4% for indole 
acetic acid, meanwhile this range was from 28.8 to 47.9% 
for gibberellic acid at similar concentrations of 10, 20 and 
40 ppm.  

Consequently, our observation indicates that the wilt 
incidence percentage decreased from 23.9 to 38.4% and 
finally to 52.4% when indole acetic acid was applied while 
the recorded numbers under the effect of gibberellic acid 
recorded 28.8, 38.4 and 47.9%.  

This indicates that the indole acetic acid when applied 
at a concentration of 10 and 40 ppm was more effective 
than gibberellic acid by 4.9 and 4.5%, respectively. At the 

concentration of 20 ppm, both agents had the same 
effect. 
 
 

Evaluation of the bioagent T. harzianum 
 

T. harzianum when applied during the experimental 
period at a concentration of 10

5 
cfu/mL

-1 
caused a fall by 

7.5% in the wilt incidence and 71.4% in disease reduction 
which represents a rise in the control of the wilt disease 
incidence by 28.5%. 
 
 

Evaluation of combine effect of growth regulators 
and the biocontrol agent T. harzianum 
 

The use of the bioagent T. harzianum in a combination 
with indole acetic acid and gibberellic acid increased the 
efficacy of the growth regulators against wilt incidence. 
A combination of T. harzianum with indole acetic acid 
enhanced the suppressive effect of the growth regulator 
on  the  disease  with  an  increase  reduction  in  disease  
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incidence from (23.9 to 57.4%), (38.4 to 61.9%) and (52.4 
to 71.4%) at concentrations of 10, 20 and 40 ppm, 
respectively. 

Similarly, when T. harzianum was combined with 
gibberellic acid, the suppressive effect of this combination 
was more evident when the gibberellic acid was used at 
concentrations of 10, 20 and 40 ppm to cause increase 
reduction in the disease incidence from 28.8 to 57.9%, 
38.4 to 66.9% and 47.9 to 76.4% which could be 
estimated as 29.1, 28.5 and 28.5%, respectively. 

The impact of the three agents when combined 
together as a single treatment protocol was highly 
effective when the experiment recorded that the reduction 
percentage in the disease recorded 80.9 and 90.4% 
when indole acetic acid and gibberellic acid were used at 
a concentration of 10 and 20 ppm with 10

5 
cfu/mL

-1 
T. 

harzianum. This propitious effect reached its climax when 
the plants were treated with indole acetic acid 40 ppm + 
gibberellic acid 40 ppm+ T. harzianum10

5 
cfu/mL

-1
 to 

protect the plants from wilt disease resulting in 0% 
infection (that is, a complete suppression in the incidence 
of green bean wilt).  
 
 
Evaluation of the use of essential oils and 
antioxidants  
 
The obtained results showed that the applied treatments 
of vitamin C combined with the essential oils of 
Lemongrass, Moringa leaf and thyme had superior effect 
on disease incidence recorded as 71.4, 47.9 and 71.4% 
comparing with vitamin E plus the same essential oils 
which recorded 61.9, 42.9 and 61.9%, respectively. 

Generally, the presented data in Table 1 showed varied 
numbers of infected bean plants when treated with 
different treatments. These results could deduced that a 
percent of 15 and 13.7 infected plants were recorded in 
Vitamin E + Moringa leaf oil; Vitamin C + Moringa leaf oil 
treatments, meanwhile, 10.0 and 7.5% infected plants 
were recorded in both Vitamin E + lemongrass oil and 
Vitamin C + lemongrass oil treatments, in respective 
order. Thyme oil showed superior effect for reducing 
disease incidence when combined with Vitamin C that 
7.5% infected plants were recorded when compared with 
10.0% infected plants when combined with Vitamin E. 
Furthermore, it is interesting to note that wilt incidence 
was reduced by combining the growth regulators and 
bioagent T. harzianum. Respectively, indole acetic acid at 
10, 20 and 40 ppm and gibberlic acid at 10, 20 and 40 
ppm showed that 20, 16.2, 12.5% and 18.7, 16.2, 13.7% 
infected plants. Meanwhile, adding the bioagent T. 
harzianum reduced the infected plants to be 11.2, 10.0, 
7.5% and 11.2, 8.7, and 6.2% in IAA and GA raising 
concentrations, in respective order. Combined treatments 
of IAA 10 ppm + GA 10 ppm + T. harzianum and IAA 20 
ppm +  GA 20 ppm  +  T. harzianum  showed  that  5  and  

 
 
 
 
2.5% plants got infected out of 80 grown plants compared 
to 26.3% (21 plants) in untreated control. However, none 
of the plants have been infected by wilt disease (0%) 
when plants were treated with IAA 40 ppm + GA 40 ppm+ 
T. harzianum. 
 
 
DISCUSSION 
 
The need to increase food production by at least 70% in 
order to match the population increase is highlighted by 
the United Nations Food and Agriculture Organization. 
The fact that nearly 20% of the global harvest is lost due 
to plant diseases (Chakraborty and Newton, 2011) could 
make this demand more daunting. Chemical control using 
the application of fungicides could be one of the most 
efficient ways to combat these diseases. Furthermore, 
pathogens can develop resistance against the used 
fungicides which then the higher dose of chemicals are 
required. 

In addition, the environmental and health concerns are 
associated with the potentially toxic of chemicals which is 
applied in fields. Therefore, the safer and more 
sustainable methods of crop protection are demand. A 
novel area of research in the war against pathogens 
focuses on enhancing the plant's defense system. If a 
plant can fight off an infection on its own, we can reduce 
the amount of pesticides needed. Similar to how children 
are vaccinated to protect against future diseases, plant 
pathologists are using the same methodology to enhance 
plants resistance against pathogens, with the goal of 
strengthening their defenses mechanism against 
invaders. For more explanation, the principle of "defense 
priming" terminology is very similar to how we develop 
vaccines to treat human diseases. A vaccine works by 
acting as a pathogen impostor. It tricks the immune 
system into thinking it is being attacked, which stimulates 
defense responses, such as the production of antibodies. 
This procedure creates a defense memory which could 
allow the immune system to remember a certain 
pathogen when the body is attacked in the future. It can 
then respond quickly referring to its primed memory from 
the vaccine. Furthermore, the plants prepared themselves 
to be ready for the enemy attacks. The treated plants with 
induce resistant agents display enhanced tolerance to 
pathogen infection, which is often characterized by fewer 
disease symptoms and reduction in pathogen populations 
within the plant. Although in commercial agriculture, 
primed plants have not yet been applied on large-scale, 
scientists are actively conducting their researches on the 
use of defense priming theory against bacteria, viruses 
and fungi under both greenhouse and field trials for plant 
protection (http://phys.org/news/2015-07-pathogens-
immune.html#jCp). 

 This method which cause the induce defense systems 
could  be  considered  as  a  safe  and  effective   way   to  

https://www.google.com.eg/search?client=firefox-a&rls=org.mozilla:en-US:official&channel=nts&q=define+propitious&sa=X&ved=0ahUKEwjL18GGp_zLAhXBoRQKHXDTCxAQ_SoIMjAA
http://phys.org/tags/plants/


  

 
 
 
 
protect some of the global harvest currently lost due to 
diseases. The applications of fungicides have potential 
consequences, not only from the economic perspective, 
but from the biological impact on fungal populations and 
to have adverse environmental effects causing health 
hazards to humans and other non-target organism, 
including beneficial life forms. Increased use of foliar 
fungicides has prompted us to explore potential foliar use 
of others than fungicide use and disease management. 
This investigation focuses on crop disease management 
by using natural compounds derived from plants, marine 
organisms and microbes to represent an ecologically 
friendly approach for plant diseases control as an 
alternative to the chemical fungicides with no side effects 
on humans and animals. We evaluated some fungicide 
alternatives against wilt incidence under field conditions 
for two successive growing seasons. Different treatments 
of growth regulators alone or combined with the bioagent 
T. harzianum as well as antioxidants individually or 
combined with essential oils were applied as foliar spray 
on emerged green bean seedlings. The present study 
has demonstrated that all treatments tested, some growth 
regulators, essential oils and antioxidants have antifungal 
potential activities and could be useful when integrated 
with bioagents against green bean fungal pathogens. 

Hypothetically, we visualize the mechanisms of action 
of the used agents in our investigation in controlling wilt 
of beans (P. vulgaris L.) as follows: (i) direct competition 
with the target organism; (ii) antibiosis; (iii) predation or 
parasitism of the target organism; (iv) induced resistance 
of the host plant; and (v) inactivation of the enzymes 
produced by the pathogen. These five intermingling 
mechanisms were seen when T. harzianum was used as 
our biocontrol agent. Recently, biological control of plant 
pathogens has received great attention as a promising 
supplement or alternative to chemical control and an 
attractive proposition to decrease heavy dependence of 
modern agriculture on costly chemical fungicides, which 
not only cause environmental pollution but also lead to 
the development of resistant strains. Commercial 
biopesticides are now available, and most of which are 
based on the free living fungi common in soil, associated 
with plant roots and root ecosystems, fungal genus 
Trichoderma (Woo et al., 2006) a genus under 
Deuteromycotina. They are non-plant pathogenic and 
have gained high importance as the most important and 
efficient biological control agents against plant pathogens 
(Lorito et al., 1998; Bokhari and Perveen, 2012). This 
could be attributed to their high reproductive capacity, 
ability to survive under unfavourable conditions, capacity 
to colonize the rhizosphere, strong antagonism against 
the pathogenic fungi and efficiency in promoting plant 
growth, defense mechanisms (Hanson and Howell, 2004; 
Segarra et al., 2007; Tucci et al., 2011; Reglinski et al., 
2012) and to control soil borne fungal pathogens (Monte, 
2001).   Trichoderma   spp.   are   potent    mycoparasites  
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attacking and parasitizing plant pathogens and also 
similarly to those of mycorrhizal fungi, whereas they are 
able to colonize plant roots and producing compounds 
that stimulate growth and plant defense mechanisms 
such as alkyl pyrones, isonitriles, polyketides, peptaibols, 
dikeyopiperazines, sesquiterpenes, and steroids which 
finally leads to induced systemic resistance (ISR) in the 
entire plant (Howell, 1998, 2003). An increase in 
peroxidase activity considered as indicator of plant 
response (often associated with the production of 
fungitoxic compounds), an increase in chitinase activity, 
and the deposition of callose-enriched wall appositions 
on the inner surface of cell walls. T. harzianum T019 
indicates a certain impact on the resistance level for bean 
plants against R. solani. This strain induces the outflow 
from claiming plant defense-related genes and produces 
a larger amount of ergosterol, demonstrating its capacity 
for development in a higher rate in the soil, which might 
demonstrate its impacts around plant development and 
defense in the presence of pathogens (McLean et al., 
2004; Mayo et al., 2015). Moreover, Abdel-Kader (1997) 
reported that T. harzianum introduced to the soil was able 
to reduce root rot incidence of bean plants significantly 
more than the fungicide Tolclofos methyl (Rizolex-T). The 
present work demonstrate that the use of the T. 
harzianum increased the effectively action of growth 
regulators against wilt incidence. Similarly in many 
countries, several workers stated that successful 
suppression of various plant diseases was achieved by 
using antagonistic microorganisms as biological controls 
application (Sivan and Chet, 1986; Sivan et al., 1987; El-
Mougy, 2001; Whipps and Lumsden, 2001). These 
properties of T. harzianum clearly explains its ability to 
produce the highest degree of plant protection when 
these properties act in synergism with the properties of 
growth promoters as seen in our results (Indole Acetic 
Acid 40 ppm + Gibberellic acid 40 ppm + T. harzianum 
10

5 
cfu/mL

-1
; Indole Acetic Acid 20 ppm + Gibberellic acid 

20 ppm + T. harzianum 10
5 

cfu/mL
-1

 and T. harzianum 
was combined with gibberellic acid 40 ppm, respectively).   
When we used the growth promoters, the mechanisms of 
action of Indole Acetic Acid 40 ppm + Gibberellic acid in 
controlling wilt of beans (P. vulgaris L.) was attributed to 
a single distinct mechanism: induced resistance of the 
host plant. Recent studies on plant-pathogen interactions 
identify the major naturally occurring auxin (indole-3-
acetic acid (IAA)) as a key character in pathogenesis and 
plant defense (Fu and Wang, 2011). Gibberellins (GA) as 
well as other plant growth hormones (auxins, cytokinins, 
abscisic acid, and brassinosteroids) regulating host 
defense responses triggered by the SA-JA-ET signaling 
systems and so they may be involved in plant immune 
expression (Asselbergh et  al., 2008; De Vleesschauwer 
et al., 2010, 2012, 2013; Cao et  al., 2011; Pieterse et al., 
2012; Naseem et al., 2012; Naseem and Dandekar, 
2012; Riemann et al., 2013; De Bruyne et al., 2014).  
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Plant immune responses have been shown by gibberellins 
through regulating and modulating JA and SA signaling 
systems (Navarro et al., 2006; Yang et al., 2008; De 
Bruyne et al., 2014; Qi et al., 2014). It induces resistance 
against different fungal and bacterial pathogens (Yang et 
al., 2008; De Vleesschauwer et al., 2012; Qin et al., 
2013). Also, enhancing systemic acquired resistance 
against pathogens has been shown by GA (Xia et al., 
2010) which act as central suppressors of signals causing 
degradation of DELLA proteins (a class of nuclear 
growth-repressing proteins) (Navarro et al., 2008). A 
highly specific blend of these „defense hormones‟, 
produced by infected plants with the exact combination 
seemingly depending on the pathogen‟s lifestyle. 
Increasing concentrations of GA for bean plants treatment 
enhanced their resistance in a concentration-dependent 
manner by regulating the plant immunity against Pythium 
graminicola (De Vleesschauwer et al., 2012). 

On the other hand, the essential oils of Lemon grass, 
Moringa leaf and thyme induced their effect on the wilt as 
a dual mechanism: (i) direct competition with the target 
organism; and (v) inactivation of the enzymes produced 
by the pathogen. Various plant essential oils have been 
reported to have antifungal activities (Dabur et al., 2007; 
Bindu and Kumar, 2009). Previous suggestion that plant 
oils proved their fungitoxic effect which may provide a 
renewable source of effective antifungal agents either in 
vitro or in vivo investigations (Ganesan et al., 2015) and 
to have the potential to replace the synthetic fungicides in 
the management of root fungi of fruit and vegetables. 
Generally, several microorganisms including many plants 
and human pathogenic fungi affected potentially by plant-
derived essential oils and extracts which are considered 
at the same time as nontoxic compounds to plants 
(Tabassum and Vidyasagar, 2013).  

The components of thyme essential oil reaches to 56 
compound of which p-cymene (8.41%), γ-terpinene 
(30.90%) and thymol (47.59%). Geraniol, linalool, 
gamma-terpineol, carvacrol, thymol and trans-thujan-4-
ol/terpinen-4-ol were the major constituents (Amiri, 2012). 
Lemon grass [Cymbopogon flexuosus (Steud.) Wats, 
(syn. Andropogon nardus var. flexuosus Hack; A. 
flexuosus Nees)] is one of the most worldwide grown 
essential oil plants which have antifungal and 
antibacterial properties (Zheljazkov et al., 2011) due to its 
major constituents caryophyllene oxide, t-caryophyllene, 
geranyl acetate, (E)-citral (geranial), (Z)-citral (neral), and 
trans-geraniol, citronellyl acetate, citronellol, geraniol and 
limonene. 

The capacity of antioxidant, antimicrobial activity of the 
essential oil and hydrocarbons of Moringa oleifera 
(Moringaceae) was attributed to its chemical constants, 
thymol, (E)-phytol, hexacosane, pentacosane, 
heptacosane, hexacosane, pentacosane, and 
heptacosane. Hexanoic acid, acetic acid, nonacosane, 1, 
2,   4-trimethyl-benzene,     heptacosane,     nonacosane,  

 
 
 
 
heptacosane, and pentacosane (1.0 to 6.3%) were 
among the most abundant constants in the essential oil 
worldwide (Marrufo et al., 2013; Leone et al., 2015). 
Moringa contains seven times more vitamin C than 
oranges. Moringa is a storehouse of vitamin E. The 
moringa leaves also provide significant amount of 
antioxidants. Antioxidants as vital to raise host plant 
resistance, triggering innnate immunity in plants to refine 
and promote methods of defense to the plant against the 
pathogens (Madukwe et al., 2013). 

When vitamins C and E were used in our endeavor, we 
kept in mind the fact that, there is no much research yet 
in this area. The newest research is suggesting and 
confirming the suggestions that vitamins serve healing 
purposes for the plants that produce them. Our 
investigation with vitamins C and E is beginning to show 
promise. Some plants have shown increased growth and 
ability to fight off bacterial disease with Vitamin C added 
to the soil or water (Last et al., 1997; Burkey, 2003; 
Smirnoff et al., 2007; Li et al., 2009). The antioxidants‟ 
vitamins C and E play an important role in protecting cells 
and neutralizing free radicals during infection in addition 
to crucial roles in defense (DePinto and De Gara, 2004; 
Sharma et al., 2012). 

 

 
Conclusion 

 
Disease management strategy research should be largely 
focused on identifying crop and soil management 
approaches that have an immediate impact on managing 
root diseases. It is vital to raise host resistance, to refine 
and promote methods for the sustainable control of bean 
wilt simultaneously with the study of pathogenic variation. 
The information generated will be used as a basis for the 
development of improved crop management 
methodologies for sustainable production of beans by 
resource-poor, smallholder farmers. In this context, the 
present work emphasizes the importance of Trichoderma 
as a biological control agent and its application towards 
management of plant diseases. The present work also 
revealed a significant reduction in wilt incidence of green 
bean under field trials using integrated treatment 
application of growth regulators, essential oils or 
antioxidants with the bioagent T. harzianum. It may be 
concluded that such treatments are considered appli-
cable, safe and cost-effective method for controlling such 
root diseases. So, induced resistance needs to find its 
way into plant diseases protection strategy and crop 
management programmes. 
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Traditional medicinal plants claim many traditional uses across different parts of the world. In Ethiopia, 
it remains the main source of treatment for the majority of human population and livestock. The aim of 
this study was to evaluate antibacterial activity of crude extracts of some traditional medicinal plants 
commonly used for traditional human medication in selected localities of Jimma Zone, Southwest 
Ethiopia. Data on ethno-botanical information and traditional uses of medicinal plants were gathered 
using semi-structured interview questionnaire involving a total of 30 experienced respondents of the 
study area.  Candidate traditional medicinal plants were collected from Sigmo District of Jimma Zone, 
South western Ethiopia, labeled, processed, and extracted in accordance with standard procedures and 
the plant samples were deposited at Herbarium of Jimma University, Ethiopia. Antibacterial activities 
and minimum inhibitor concentration (MIC) of petroleum ether, chloroform and methanol extracts of 
leaves and stems of three frequently used plants [Kosteletzkya begonifolia, Leucas martinicensis, and 
Ranunculus multifidus] were evaluated against Staphylococcus aureus DSM 7346, Pseudomonas 
aeruginosa DSM 1117, Escherichia coli ATCC 25722 and Salmonella typhimurium ATCC 13311. 
Phytochemical constituents of the extracts were determined following standard analytical procedures. 
Results revealed that leaves were the most frequently used parts of the three medicinal plants. They are 
usually used for the treatment of tooth ache and gastro-intestinal ailments. The highest antimicrobial 
activities were observed in petroleum ether extract of K. begonifolia stems against S. aureus [Inhibition 
Zone (IZ), 28.3-30 mm], P. aeruginosa (IZ: 27-28.67 mm), E. coli (IZ: 28.3-31 mm) and S. typhimurium (IZ, 
28-30.3)]. The extract displayed activity significantly closer to that of the control antibiotics, 
ciprofloxacin (IZ, 30-35 mm). Likewise, chloroform extracts of leaves of R. multifidus and methanol 

extracts of L. martinicensis displayed strong activities against S. aureus (IZ, 26.670.8 mm) and E. coli 

(IZ 26.673.3 mm), respectively. The lowest MIC observed in the current study was 5.6 mg/mL and 
recorded for both petroleum and chloroform extracts of leaves of R. multifidus, L. martinicensis, and K. 
begonifolia against S. aureus. The observed antibacterial activities could be accounted to combinations 
of phytochemical compounds isolated from the test plants including alkaloids, tannins, flavonoids, 
terpenoids and cardiac glycosides. Leaves of the three traditional medicinal plants evaluated in the 
current study displayed promising antibacterial activities against bacterial test strain. However, the 
highest activity was observed in petroleum ether extract of stems of K. begonifolia against all test 
strains with Inhibition Zone (IZ) diameter ranging between 28-31 mm. Further toxicity and 
pharmacokinetic study are recommended. 
 
Keywords: Medicinal plant, MIC, plant extract, Ethiopia, Jimma, S. aureus, P. aeruginosa, E. coli 
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INTRODUCTION 
 
Plants represent a rich source of antimicrobial agents and 
have been used medicinally in different parts of the world. 
Plant based traditional medicine plays an essential role in 
human medication, with significant numbers of world 
population relying on traditional medicines for their 
primary health care (Owolabi et al., 2007). In spite of the 
great advances achieved in modern medicine, thousands 
of rural communities in developing countries still 
dependent on folklore medicine to cure diseases mainly 
because of economic and cultural factors (Kamatenesi 
and Oryem-Origa, 2007). However, such plants should 
be investigated for better understanding of their 
properties, safety and efficacy to develop alternative 
antimicrobial drugs (Khulbe and Sati, 2009). Accordingly, 
the utilization of plants for the production of natural or 
recombinant compounds of commercial interest has 
gained increasing attention over the past decades 
(Canter et al., 2005). Furthermore, in the era of high 
pressure from emergence of microbial drug resistance 
and limited therapeutic efficacy of many of the available 
drugs, search for potent antibacterial drugs with new 
modes of action should be given emphasis. Local 
medicinal plants are potential source of novel 
antimicrobial agents and anti-Quorum sensing 
substances (Bacha et al., 2016). 

According to Abebe (2011), traditional remedies are the 
most important and sometimes the only source of 
therapeutics for nearly 80% of the population and 95% of 
traditional medicinal preparations in Ethiopia.  Despite the 
use of traditional medicine over many centuries, relatively 
small numbers of plant species have been studied for 
possible medical applications and the source of 
information is largely limited to indigenous societies 
(Cunningham, 1993). 

Ethiopia is a country known for its rich plant biodiversity 
and tradition use of plant based drugs for curing or 
treating of many human and animal diseases. Reports 
indicate that more than 35,000 plant species are being 
used for medicinal purposes all over the world 
(Lewington, 1993). In Ethiopia alone, 800 plant species 
are estimated to be in use for traditional medication 
(Tesema et al., 2002). Likewise, WHO estimates that 
majority of the population in developing countries, 
including 90% of African population; rely on traditional 
medicinal plants for their healthcare (WHO, 2002). 

Sigmo District is located in Jimma zone, Oromia 
Regional state, Ethiopia. Though large part of the district 
is covered with forest and could serve as potential source 
of traditional medicinal plants, scientific information on 
the availability and practice of the use of traditional 
medicinal plants are lacking. On the other hand, food 

borne infections have been one of the major public health 
concerns in many parts of the world, including the study 
site, accounting for considerably high cases of illnesses. 
Among the etiological agents, Pseudomonas aeruginosa, 
Escherichia coli, Staphylococcus aureus and Salmonella 
species are the major ones (Branham et al, 2005; 
Dabassa and Bacha, 2012). The current study was 
designed to evaluate the antibacterial activities of the 
frequently used traditional medicinal plants in the study 
area. Accordingly, three of the traditional medicinal plants 
labeled as Kosteletzkya begonifolia (Ulbr.) Ulbr, Leucas 
martinicensis (Jacq.) R.Br. and Ranunculus multifidus), 
were characterized for their antibacterial activities. 
 

 
MATERIALS AND METHODS 

 
Ethno-botanical survey was conducted in Sigmo District, Jimma 
Zone, Southwest Ethiopia. The district was located at an altitude 
ranging from 2080 to 2490 masl and located at 7° 54’ 641”, N and 
36° 06’ 092”, E latitude and longitude, respectively (Figure 1). 
According to the 2005 census conducted by Central Statistical 
Agency (CSA) of Ethiopia (CSA, 2005), this district has an 
estimated total population of 99,998, with male and female share of 
50,355 and 49,643, respectively. 

 

 
Collection of ethno-botanical data 

 
Traditional Medical Practitioners (TMP's) and experienced elders 
were the main informants during collection of ethno-botanical 
information of the used traditional medicinal plants in the current 
study. A total 30 informants (11 TMP's and 19 other community 
members) were interviewed using semi-structured interview 
questionnaire. Accordingly, data on the plant parts being used, 
preparation techniques and administration of plants for 
management of common food and water borne diseases were 
collected. To ease the interview processes and get the detailed 
information without any language barrier, both interview and focus 
group discussions were conducted using local language having 
translated content of the interview questions into local language 
(Afan Oromo). 

 

 
Collection and preparation of plant material 

 
Having established the commonly used plants in the study area, the 
stems and leaves of three dominant plant species were collected 
using plastic bags and transported to Botanical Science Laboratory 
of Jimma University for identification. Having identified and labeled 
with the necessary botanical information, voucher specimens were 
deposited at herbarium of Jimma University, Department of Biology. 
The collected plant materials (stems and leaves) were dried under 
shade and grinded to appropriate size using mortar and pestle prior 
to extraction. 
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Plant extraction 

 
Soxhlet extraction method was used for plant matter extraction 
(stem and leave). Briefly, 50 g of powdered plant material was 
weighed and packed into thimble placed in a glass.  A reflux 
condenser and a round bottom flask with 500 ml solvent (starting 
with petroleum ether) was fitted above and below the thimble 
holder, respectively. Then, continuous extraction was carried for a 
period of at least 6 h until the extract becomes colorless. The 
solvent was removed from each extract by Rotary Evaporator under 

reduced pressure and temperature ( 40°C). The concentrated 
crude extract was then added to 50 ml beaker and the remaining 
solvent was evaporated under reduced pressure followed by 
storage in a refrigerator (+4°C). The extraction was continued in the 
same way using same volume of two other solvents separately 
(chloroform and methanol) (Mulat et al., 2015). 
 
 
Antibacterial activity assay 
 
The antibacterial activity assay was evaluated using agar disc 
diffusion and micro-dilution broth assay techniques as described in 
Mackeen et al. (1997) and Komuraiah et al. (2009), respectively. 
 
 
Agar disc diffusion assay 
 
Four bacterial strains, including S. aureus DSM 7246, Salmonella 
typhimurium ATCC 13311, P. aeruginosa DSM 1117 and E. coli 
ATCC 25722, were used for the assay. The bacterial strains were 
activated overnight at 37°C prior to testing. Test solutions were 
prepared by dissolving 0.2, 0.1 and 0.05 g of plant extracts in 
dimethyl sulfoxide (DMSO) to achieve final stock concentrations of 
200, 100 and 50 mg/mL, respectively. Sterile Whatman filter paper 
discs (6 mm diameter) were evenly placed on Mueller Hinton agar 
plate surface previously swabbed with an overnight activated 
culture of the test strains whose turbidity was adjusted to 0.5 
McFarland standards. Then, 30 μL each of the test sample was 
loaded onto duplicate discs. Standard disc of ciprofloxacin (10 
μg/disc) and paper disc loaded with 30 μL of DMSO were used as 
positive and negative controls, respectively.  

The plates were then inverted and incubated for 18-24 h at 37°C. 
After incubation, clear zones around the discs (zones of growth 

inhibition) were measured and expressed as Means  SD (mm) of 
two experiments. 
 
 
Determination of minimum inhibitory concentration (MIC)  
 
MIC of the crude extracts was determined as described by 
Komuraiah et al., (2009). Accordingly, extract that exhibited 
observable activity during antibacterial activity assay was further 
diluted in nutrient broth (to a concentration of 50 mg/mL, 16.6 
mg/mL, 5.66 mg/mL, 1.8 mg/mL, 0.6 µg/mL and 0.2 µg/mL). Then, 
0.1 mL (100 μl) of standardized inoculum (1 - 2 × 108 CFU/mL) was 
added to each test tube. The tubes were incubated aerobically at 
37°C for 24 h. Control tubes were included in each test. The lowest 
concentration of extract that produced no visible bacterial growth 
(no turbidity) when compared to the control tubes was regarded as 
MIC. 

 
 
Determination of minimum bactericidal concentration (MBC) 

 
MBC was determined by sub-culturing the test dilutions onto a fresh 
agar plate (without extract) and incubated for 24 h. The highest 
dilution that yielded no single bacterial colony was taken as MBC. 
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Phytochemical screening 
 
A small portion of the powdered plant extracts were used for 
phytochemical analysis (tested for the presence of plant secondary 
metabolites including alkaloids, tannins, glycosides, saponins, 
flavor-noids, steroids and terpenoids) following standard methods 
described earlier by Trease and Evans (1998).                        

Data obtained from both survey and experimental activities were 
analyzed using SPSS software (version 16:00 and Microsoft excel). 
Values were mean of duplicate experiments and statistical 
significance within in a category was evaluated using % coefficient 
of variation with values > 10% considered statistically significant. 
For mean separation, statistical significances were considered at 
p<0.05.    

 
 
RESULTS 

 
Socio-demographic characteristics of respondents 

 
A total of 30 purposively sampled population responded 
to the questionnaires designed to gather ethno-botanical 
information and practices associated with traditional 
medicinal plants of the study area. All of the respondents 
were familiar with arrays of medicinal plants and have 
been using 5 to10 types of traditional medicinal plant for 
more than 5 years mainly for self medication (Tables 1 
and 2). The use of traditional medicine has been 
practiced mostly by elderly males aged between 40-60 
years and had more of religious than formal education. 

 
 
Ethno-botanical description 

 
Among ten traditional medicinal plants rated for their 
frequency of use, three (R. multifidus, L. martinicensis, 
and K. begonifolia) were found the most preferred and 
frequently used traditional medicinal plants of the study 
site (Figure 2). Leaves of the three plants have been 
used to treat ailment of the gastrointestinal tracts (GIT) 
and oral cavity after simple soaking of the leaves in water 
and filtration (Table 3). 

 
 
Antibacterial activities of leaves and stems extracts 

 
Mean inhibition zone diameters of duplicate experiments 
for the three different concentrations of extracts (200, 100 
and 50 mg/mL) are as summarized below (Tables 4, and 
5). Accordingly, all the tested leave extracts displayed 
observable activities with mean inhibition zone diameter 
(IZ) ranging between 14.33 ± 2.33 to 26.67 ± 3.33 mm. 
Strong inhibitions were recorded for methanol and 
chloroform extracts of L. martinicensis and R. multifidus 
against E. coli (26.67 ± 3.33) and S. aureus (26.67 ± 3.33 
mm) at 200 mg/mL concentration, respectively. 
Relatively, similar activity was observed even at 100 
mg/mL concentration of petroleum ether extract of L.
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Figure 1. Map of the study site. 

 
 
 
martinicensis against P. aeruginosa (24.00 ± 3.50). The 
least activity was encountered in chloroform extract of K. 
begonifolia against S. typhimurium (14.33 ± 2.33) both at 
50 and 30 µg/ml (Table 4). 

Like that of leaves, petroleum, chloroform and methanol 
extracts of stems of the three plants also showed variable 
antibacterial activities against the standard bacterial 
strains. However, exceptional activity comparable to  the  
activity  of  the  control commercial antibiotic ciprofloxacin 
(IZ, 32-35 mm) were recorded for petroleum ether extract 

of stems of K. begonifolia against E. coli (310.5 mm) 
and S. aureus (30.00 ± 1.50) at 100 mg/ml concentration 
of the extracts; and S.typhimurium (30.33 ± 0.33) at even 
lower concentration (50 mg/mL).  

The least activity was observed in methanol extract of 
stem of L. martinicensis against S. typhimurium 
(20.67±2.83 mm) (Table 4). 

MIC and MBC of crude extracts of leaves and stems 

 
Petroleum ether and chloroform extracts of leaves of the 
three selected plants (R. multifidus, L. martinicensis and 
K. begonifolia) displayed the lowest MIC and MBC values 
of 5.6 and 16.6 mg/mL against S. aureus, respectively. 

Whereas, all methanol extracts of the same leaves 
showed similar values for MIC and MBC (16.6 mg/mL 
each) against S. aureus. For Gram negative test strains, 
MIC and MBC values recorded for all extracts (petroleum 
ether, chloroform and methanol) were 16.6 mg/mL and 
50 mg/mL, respectively (Table 5). 

In the same way, petroleum ether extract of stems of R. 
multifidus, L. martinicensis, K. begonifolia, and 
chloroform extract of L. martinicensis showed lowest MIC 
value of 5.6 mg/mL against S. aureus. However, 
chloroform and methanol extract of stems of R. multifidus  
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Table 1. Socio demographic characteristics of Traditional Medicine Practitioners 
(TMP) of Sigmo District, Jimma Zone, South western Ethiopia, 2012. 
 

Parameter Number of respondents (N=30) % 

Sex        

Male 28 93.3 

Female 2 6.7 

   
Age (years)                         

21-40 7 23.3 

41-60 18 60 

>60  5 16.7 

   
Place of living (residence)   

Rural  18 60.0 

Urban  7 23.3 

Dual resident 5 16.7 

   
Educational status   

Religious education only 26 86.7 

Formal education (grades 1-4) 1 3.3 

Completed secondary Education 3 10.0 

   
Occupation    

Farmer                                      19 63.4 

Business man 7 23.3 

Government  employee 4 13.3 

 
 
 

Table  2. Traditional Medicine Practitioners’ knowledge  and common practices in relation to handling of  
medicinal plants, Sigmo District, Jimma Zone, South western Ethiopia, 2012. 
 

Parameter  Number of respondents (N=30) % 

Types of plants known and used by respondents    

>5 8 27.0 

5-10 17 56.6 

>10 5 16.4 

   
Purpose of handling medicinal plants    

For self-medication  19 63.3 

To serve others without benefit 9 26.7 

To serve others with benefit (income generation)  3 10.0 

   
Time of collection of  medicinal plants   

Morning 24 80.0 

At night 6 20.0 

   
How to serve the medicinal plant   

After soaking the plant in water 30 100 

Chewing of the leave or stem 0 0 

 



1966          Afr. J. Microbiol. Res. 
 
 
 

 

 

 

Traditional medicinal plants 
 

 

Figure 2. Frequency distribution of respondent’s preference to some selected medicinal plant species traditionally used in 
Sigimo district, Jimma Zone, South western Ethiopia (2012). 

 
 
 
Table 3. Ethno-botanical description of the selected medicinal plants, Sigmo District, Jimma Zone, South western Ethiopia, 2012. 
 

Local name Scientific name Family name Main part used Preparation technique Used to  treat No. of respondents % 

Gubdu caffee  Ranunculus multifidus  Ranunculaceae  Leaf Soaking in water  Toothache and GIT 20 66.1 

Mata  burusa  Leucas martinicensis  Lamiaceae  Leaf Soaking GIT  17 56.6 

Ingiccee  Kosteletzkya begonifolia  Malvaceae  Leaf Soaking  GIT  16 53.3 
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Table 4. Antibacterial activities of petroleum, chloroform and methanol extracts of leaves of selected medicinal plants, Sigmo District, Jimma Zone, south western Ethiopia, 2012. 
 

Extract Conc. (mg/mL) 

Zone of Inhibition (mm) 

S. aureus DSM 7346 P. aeruginosa DSM 1117 E. coli ATCC 25722 S. thyphimurium ATCC 13311 

Mean ±SD % CV Mean ±SD % CV Mean ±SD % CV Mean ±SD % CV 

LRMPE 

200 22.00±0.50 2.27 23.33±0.67 2.99 21.67±0.83 3.85 22.67±0.83 3.68 

100 21.67±0.83 4.03 22.33±0.33 1.43 20.67±0.67 3.08 21.33±1.17 5.47 

50 20.67±1.17 5.38 21.33±0.33 1.43 19.33±0.83 4.31 20.33±0.33 1.64 

LRMCF 

200 26.67±0.83 3.13 22.67±0.33 1.47 23.00±0.50 2.17 23.33±0.33 1.43 

100 25.33±0.83 3.42 21.33±0.33 1.56 22.33±0.33 1.43 21.33±0.83 3.91 

50 24.00±0.50 2.00 20.67±1.33 5.88 18.00±1.00 5.56 20.67±0.33 1.61 

LRMME 

200 23.33±0.33 1.43 23.00±0.50 2.17 23.00±0.50 2.17 23.67±0.33 1.47 

100 21.33±0.33 1.56 22.33±0.33 1.49 22.00±0.50 2.27 22.33±0.33 1.49 

50 20.67±0.33 1.61 20.67±0.33 1.61 21.33±0.33 1.56 21.33±0.33 1.56 

LLMPE 

200 22.33±0.33 1.49 24.00±3.50 14.58 22.00±2.00 9.09 19.33±2.83 16.35 

100 21.67±0.33 1.47 23.67±3.67 15.49 21.67±1.17 5.15 18.33±2.33 13.46 

50 19.00 1.50 7.89 22.00±4.00 18.18 20.33±2.33 11.48 17.33±1.33 7.27 

LLMCF 

200 18.00±3.00 16.67 23.00±5.00 23.81 19.33±3.33 17.24 21.33±3.33 16.39 

100 19.00±3.00 18.75 22.00±4.50 20.45 18.33±3.33 18.18 20.00±3.50 17.50 

50 16.33±1.17 6.03 21.67±3.67 15.49 11.33±2.33 12.07 19.33±3.33 17.24 

LLMME 

200 18.33±1.67 9.62 24.33±4.83 22.66 26.67±3.33 12.50 20.00±3.50 19.44 

100 17.33±1.67 9.09 22.00±4.50 20.45 25.33±3.33 14.93 18.00±3.00 16.67 

50 16.67±0.67 4.00 21.67±3.67 15.49 22.00±3.50 14.00 18.00±2.50 13.89 

LKBPE 

200 19.33±3. 67 18.97 22.33±3.33 14.93 24.33±2.83 13.28 21.67±3.67 19.64 

100 18.33±2. 17 11.21 20.00±4.00 20.00 21.33±2.33 10.94 19.67±3.67 20.75 

50 17.00±2. 00 11.76 19.67±4.17 21.19 19.67±3.83 19.49 17.00±2.00 10.53 

LKBCF 

200 18.00±2. 50 13.89 23.33±5.33 26.23 20.67±3.67 22.00 18.33±2.33 15.22 

100 17.00±2. 50 15.63 22.67±4.17 18.38 17.33±2.83 16.35 16.33±2.33 16.28 

50 16.33±1. 33 7.69 21.67±4.17 19.23 16.33±2.67 15.38 14.33±2.67 16.33 

LKBME 

200 17.67±3. 67 23.40 22.67±5.17 25.00 19.00±0.50 2.63 18.33±3.33 20.41 

100 16.33±2.83 17.35 20.67±5.17 25.00 17.33±33 4.81 17.33±2.33 14.29 

50 15.33±1.83 11.22 19.33±4.83 23.77 17.33±33 4.81 16.33±1.67 9.62 

Ciprofloxacin 10 µg/mL 35  33  34  32  
 

Values are mean of inhibition zone diameters (mm) ± SD of the replicates. Abbreviations of the others are provided in the list of abbreviation section. 
 
 
 

and methanol extract of stems of L. martinicensis 
showed the lowest MIC value of 16.6 mg/mL 
against S. aureus (Table 5). Furthermore,  

petroleum ether extracts of L. martinicensis, and 
K. begonifolia showed the lowest MIC value of 5.6 
mg/mL against P. aeruginosa (Table 5).  

Phytochemical screening 
 
Phytochemical tests were conducted on all petroleum
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Table 5. Antibacterial activity of petroleum, chloroform and methanol extracts of stems of selected medicinal plants, Sigmo District, Jimma Zone, South Western Ethiopia, 2012. 
 

Extract 
Conc. 

(mg/mL) 

Zone of Inhibition (mm) 

S. aureus DSM 7346 P. aeruginosa DSM 1117 E. coli ATCC 25722 S. typhimurium ATCC 13311 

Mean ± SD %CV Mean ± SD %CV Mean ± SD %CV Mean ± SD % CV 

SRMPE 

200 22.00±0.50 2.27 22.33±0.67 2.99 21.67±0.83 3.85 22.67±0.33 1.47 

100 20.67±0.83 4.03 23.33±0.33 1.43 21.67±0.67 3.08 21.00±00 0.00 

50 21.67±1.17 5.38 23.33±0.33 1.43 19.33±0.83 4.31 20.33±0.33 1.64 

SRMCF 

200 26.67±0.83 3.13 22.67±0.33 1.47 23.00±0.50 2.17 23.33±0.33 1.43 

100 24.33±0.83 3.42 21.33±0.33 1.56 23.33±0.33 1.43 22.00±1.00 4.55 

50 25.00±0.50 2.00 22.67±1.33 5.88 18.00±1.00 5.56 21.00±0.50 2.38 

SRME 

200 22.67±0.67 2.94 23.00±0.50 2.17 22.33±0.83 3.73 22.67±0.33 1.47 

100 21.67±0.33 1.54 21.00±0.50 2.38 21.67±0.83 3.85 21.67±0.67 3.08 

50 20.00±0.00 0.00 21.33±0.83 3.91 20.33±0.33 1.64 21.33±0.83 3.91 

SLMPE 

200 28.67±0.83 2.91 25.33±0.33 1.32 26.00±0.00 0.00 27.67±0.33 1.20 

100 28.00±1.00 3.57 24.00±1.00 4.17 24.67±0.33 1.35 27.67±0.33 1.20 

50 29.33±0.67 2.27 27.00±0.50 1.85 28.00±0.00 0.00 29.33±1.67 5.68 

SLMCF 

200 26.00±1.00 3.85 26.33±1.33 5.06 26.00±0.50 1.92 26.33±0.83 3.16 

100 26.67±1.83 6.88 25.33±1.67 6.58 26.67±1.33 5.00 24.33±2.17 8.90 

50 23.67±1.83 7.75 26.67±1.83 6.88 23.67±0.83 3.52 22.67±1.33 5.88 

SLMME 

200 27.67±0.33 1.20 25.33±0.33 1.32 25.67±0.83 3.25 25.00±2.50 10.00 

100 25.33±0.33 1.32 24.67±0.33 1.35 24.00±1.00 4.17 20.67±2.83 13.71 

50 25.00±1.00 4.00 25.67±1.33 5.19 28.00±1.50 5.36 24.33±4.17 17.12 

SKBPE 

200 28.33±0.83 2.94 28.00±1.50 5.36 28.33±0.83 2.94 29.67±1.33 4.49 

100 30.00±1.50 5.00 27.00±1.50 5.56 31.00±0.50 1.61 28.00±1.00 3.57 

50 28.67±1.67 5.81 28.67±1.67 5.81 29.00±0.50 1.72 30.33±0.33 1.10 

SKBCF 

200 27.67±0.83 3.01 27.00±1.50 5.56 25.67±0.83 3.25 23.33±1.17 5.00 

100 26.00±1.00 3.85 26.00±2.00 7.69 26.00±1.50 5.77 22.33±1.17 5.22 

50 27.33±1.33 4.88 27.67±1.67 6.02 24.67±0.33 1.35 21.33±0.83 3.91 

SKBME 

200 26.00±0.00 0.00 25.67±1.33 5.19 24.33±0.33 1.37 23.33±1.67 7.14 

100 23.67±0.83 3.52 27.00±1.50 5.56 24.33±0.33 1.37 24.67±2.33 9.46 

50 25.00±0.50 2.00 27.00±0.50 1.85 25.67±0.33 1.30 23.00±3.00 13.04 

Ciprofloxacin  35  33  34  32  
 

Values are mean of inhibition zone diameters (mm) ± SD of the replicates. Abbreviations for the first column are given in the list of abbreviations section. 

 
 
 
ether, chloroform and methanol extracts and the 
findings were summarized and presented below 

(Tables 6). All the plant extracts displayed the 
presence of many bioactive phytochemical 

compounds mainly alkaloids, tannins, flavonoid, 
saponins, steroids and cardiac glycosides (Table  
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Table 6. MIC and MBC values (mg/mL) of stem extracts against test strains, Jimma Zone, South west, Ethiopia (2012). 
 

Extract 
S. aureus DSM 7346 P. aeruginosa DSM 1117 E. coli ATCC 25722 S. typhimurium ATCC 13311 

MIC MBC MIC MBC MIC MBC MIC MBC 

SRMPE 5.6 16.6 16.6 50 16.6 50 5.6 16.6 

SRMCF 16.6 50 16.6 50 16.6 50 16.6 50 

SRMME 16.6 50 16.6 50 16.6 50 16.6 50 

SRMME 5.6 16.6 5.6 16.6 16.6 50 5.6 16.6 

SLMCF 5.6 16.6 16.6 50 16.6 50 16.6 50 

SLMME 16.6 50 16.6 50 16.6 50 16.6 50 

SKBPE 5.6 16.6 5.6 16.6 16.6 50 5.6 16.6 

SKBCF 5.6 16.6 16.6 50 16.6 50 16.6 50 

SKBME 5.6 16.6 16.6 50 16.6 50 16.6 50 
 

MIC, Minimum Inhibitory Concentration; MBC, Minimum Bactericidal Concentration; Abbreviations of the others are provided in the list of abbreviation 
section. 
 
 
 

6) except for absence of cardiac glycosides in 
Ranunculus multifidus. 
 
 
DISCUSSION 
 
In most developing countries where people are living 
under poor hygienic conditions, the possibility of 
contracting infectious diseases could be high. For several 
reasons, including low access to modern health care 
systems, high cost of the available commercial drugs and 
trust developed over long years of traditional practices, 
large proportion of a population in rural community prefer 
using traditional medicinal plants in order to manage 
infectious diseases of different sorts (Giday et al., 2003; 
Bacha et al., 2016). The current study area is not 
exceptional.  Extensive review made on the status of use 
of traditional medicinal plants in different parts of Africa 
(Sofowora, 1993) also indicated that medicinal plants 
have been widely used among African communities to 
treat different types of bacterial diseases. Actually, about 
85% of world population uses herbal medicines for 
prevention and treatment of diseases, and the demand is 
still on the rise both in developed and developing 
countries (Abramov, 1996; Abera, 2014). Reliance on 
traditional medicine could be even higher among the 
pastoral and agro-pastoral communities whose 
environment were reported to be rich in many of effective 
medicinal plants (Belayneh et al., 2012). 

The survey data shown that knowledge on traditional 
practices has been acquired from parents to off springs, 
hence through generations, mainly from elderly religious 

men (80%), parents and close relatives (20%) or very 
rarely through random trial and error method. In 
agreement with our observation, Tolasa (2007) reported 
that 91 and 9% of knowledge on the use of traditional 
medicine were acquired from parents/relatives and 
through trial and error, respectively, as observed in other 
part of Ethiopia. One of the major challenges confronting 
the sustainability of transfer of traditional knowledge and 

good practices of the use of traditional medicine is the 
tendency of keeping the traditional knowledge secrete 
from others, hence creating a gap in the flow of 
knowledge across generations. The confidentiality of 
traditional medical practice is a common phenomenon in 
other parts of the country, too (Giday et al., 2003), mainly 
for business interest. In agreement with our observation, 
the transfer of knowledge to people outside the family 
circle among the Zay people of Ethiopia takes place only 
on substantial payment (Giday et al., 2003).  When such 
practice is accompanied by the new generation’s high 
dependence on modern medication  (because  of  lack  of 
ample information and practical skill), the future fates of 
traditional medication could be questionable when 
traditional medicines still have significant contribution to 
the health care system of larger part of the world 
population. 

In the study area, more than ten traditional medicinal 
plants have been used for treatment of various ailments 
including toothache, infection of the GIT, and related 
diseases. However, the community’s preference to three 
of the traditional medicinal plants namely, R. multifidus, L. 
martinicensis, and K. begonifolia, were significantly high 
with preference rating of 66.6, 56.6 and 53.3%, 
respectively. The observed high reliance on the three 
traditional medicinal plants was scientifically sounding as 
all the three plants were observed to possess various 
phytochemical compounds of medicinal values including 
alkaloids, tannins, saponnins, flavonoids, steroids, 
terpenoids and cardiac glycosides. Flavonoids are found 
in almost all parts of plants (Ahmed et al., 2015; Cushnine 
and Lamb, 2005) protect the plant from insect pests and 
ultraviolet radiations besides imparting color to flowers 
and fruits. In addition to their antioxidant, anti-depressant 
and anti-inflammatory role in human body, flavonoids act 
as bactericidal and bacteriostatic by damaging 
cytoplasmic membrane, inhibiting energy metabolism and 
synthesis of nucleic acids in different microorganisms 
(Ahmed et al., 2015). Earlier report (Kaya et al., 2010) 
also showed that flavonoids are among the major consti- 
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tuents isolated from the Ranunculus species and have 
been considered as the main components of the same 
plants antioxidant activity besides its antibacterial activity 
against S. aureus, Bacillus subtilis, B. cereus, E. coli, 
Helicobacter pylori, P. aeruginosa, P. fluorescens, 
Enterobacter aerogenes (Ahmed et al., 2015) and 
infections of Methicillin-resistant S. aureus strains 
(Alcaraz et al., 2000). Tannins, the other common 
phytochemical isolated from traditional medicinal plants, 
inhibit plasma coagulation by S. aureus (Akiyama et al., 
2001) and also form chelate with metal ions. The possible 
antimicrobial mechanisms of tannins could be: induction 
of complexation with enzymes or substrates, act on the 
membranes of microorganisms; and toxicity due to 
complexation with metal ions (Akiyama et al., 2001). 

The emergence of multiple drug resistant pathogens,  
including Multi-Drug Resistant TB (MDR TB), Methicillin-
Resistant Staphylococcus aureus (MRSA), and 
Vancomycin-Resistant Entero-cocci (VRE), is making the 
treatment and control of infectious diseases more difficult 
(Bacha et al., 2016), with over 480 000 new cases of 
MDR-TB only in 2013 (Teklay et al., 2013). According to 
recent review made in Ethiopia (Mogese et al., 2014), 
some of the antibiotics have become virtually useless, 
alarming for the urgent need to apply antibiotic restriction 
policies as well as measures to prevent further spread of 
resistant clones. Thus, the pressure due to drug 
resistance necessitates search for novel antimicrobial 
substances from plants as the development of resistance 
to bioactive substance from plants is low, if any (Bacha et 
al., 2016). Although not evaluated against resistance 
bacterial strains, our extract could have potent activity 
against resistance strains as it did against the sensitive 
test strains. 

The antibacterial activity of chloroform extract of leaves 
of R. multifidus (LRMCF) (conc. 200 mg/mL) against S. 
aureus (IZ, 26.67 ± 0.83) was comparable to the activity 
of commercial antibiotic ciprofloxacin (IZ, 35 mm).  The 
same extract displayed almost similar activity (IZ, 25.33 ± 
0.83) even at lower concentration (100 mg/mL) against 
the same strain, with minimal activity against E. coli (IZ, 
18.00 ± 1.00) at the lowest concentration (50 mg/mL) 
used in this study.  Likewise, report from different parts of 
the world (including Turkey and Lebanon) indicated 
strong antibacterial activities of extracts of Ranunculus 
bulbosus against S. aureus (Didry et al., 2006), 
Ranunculus myosuroudes against E. coli and S. typhi 
with 88.8% susceptibility of the test strains (Barbour et 
al., 2004), and Ranunculus sceleratus against S. aureus 
and E. coli (Bissa and Bohra, 2012). 

The activities of methanol extract of leaves of L. 
martinicensis (LLMME) against E. coli at relatively higher 
concentration (200 mg/mL) (IZ, 26.67 ± 3.33 mm) and 
even lower concentration (100 mg/mL) (25.33 ± 3.33 mm)  
were very promising  as it had comparable activity to that 
of commercial antibiotic ciprofloxacin (IZ, 34 mm) against 
the same tested strain. However, chloroform extract of 

 
 
 
 
leaves of L. martinicensis against S. aureus at relatively 
lowest concentration (50 mg/mL) had intermediate 
activity with mean inhibition zone diameter of 16.33 ± 
1.17 mm. Besides its antimicrobial activities, L. 
martinicensis has been used as repellant of mosquito due 
to minty odor (Imam and Tajuddeen, 2013; Muhammad 
et al., 2012). The presence of different phytochemical 
compounds could be responsible for its antibacterial 
activities as phyto-chemical screening of the leaves 
extract already revealed the presence of flavonoids, 
alkaloids and volatile oils (Muhammad et al., 2012). 

Chloroform extract of leaves of K. begonifolia also 
revealed activity (conc. 100 mg/mL) against P. 
aeruginosa (IZ, 22.67 ± 4.17 mm) followed by petroleum 
extract (IZ,  22.33 ± 3.33 mm) against S. typhimurium 

with activity closer to standard commercial antibiotic 
ciprofloxacin (IZ, 32 mm) .  Leaves of plants are among 
the commonly used plant parts although there are 
contradictory reports in this regards (Mesfin et al., 2009; 
Teklay et al., 2013). Of 114 medicinal plant species 
identified being used to treat 47 human and 19 livestock 
diseases (Teklay et al., 2013), leaves parts were the 
most commonly used section accounting for almost 50% 
of the total sample analyzed. To the contrary, roots were 
reported the most commonly used plant parts (35.8%) 
among seventy-two plant species documented for having 
medicinal value as reported from Wonago district of 
South Nations and Nationalities Peoples Region (SNNPR), 
South Ethiopia (Mesfin et al., 2009). 

Similar to leaves crude extracts, the stems extract of 
the three medicinal plants (R. multifidus, L. martinicensis, 
K. begonifolia) were evaluated for their antibacterial 
activities and the results revealed presence of moderate 
to high activities. Accordingly, chloroform extracts of 
stems of R. multifidus displayed comparable activity 
against S. aureus both at 200 mg/mL (IZ, 26.67 ± 0.83 
mm) and 50 mg/mL (IZ, 25.00 ± 0.50 mm) although it had 
lower activity against E. coli (IZ, 18.00 ± 1.00 mm) at the 
same lower concentration (50 mg/mL). Our findings are in 
corroboration with related activity observed in roots of 
Ranunculus repens (Noor et al., 2006) assessed in 
Pakistan and whole plants of Ranunculus marginatus var. 
trachycarpus and Ranunculus sprunerianus from Turkey 
(Noor et al., 2006). The later authors reported that the 
extracts had both antibacterial as well as antioxidant 
activities, with the antioxidant activity having positive 
correlation with the total phenolic and flavonoid contents 
of the extracts (Kaya et al., 2010). 

Likewise, petroleum extracts of stems of L. 
martinicensis ( SLMPE) revealed strong activity even at 
lowest concentration (50 mg/mL)  against S. aureus, S. 
typhimurium, E. coli and P. aeruginosa  with mean 
inhibition zone diameter of 29.33 ± 0.67, 29.33 ± 1.67, 
28.00 ± 0.00 and 27.00 ± 0.50, respectively.  The same 
extract also showed amazingly maximum activity against 
S. aureus which (IZ, 28.67 ± 0.83 and 28.00 ± 1.00 mm) 
at 200 and 100 mg/mL, respectively. As observed from 



 
 
 
 
the above activity, the extract had broad spectrum with 
inhibitory activity against both Gram positive and Gram 
negative bacteria as supported by earlier observation 
made by Pandey et al. (2011). Exceptionally, high 
activities were observed in petroleum ether extracts of 
the stems of K. begonifolia (SKBPE) against both Gram 
positive and Gram negative bacteria as recorded for S. 
aureus (28.33 ± 0.83 - 30.00 ± 1.50 mm), P. aeruginosa 
(27.00 ± 1.50 - 28.67 ± 1.67 mm), E. coli (28.33 ± 0.83 - 
31.00 ± 0.50 mm) and S. typhimurium (28.00 ± 1.00 - 
30.33 ± 0.33) for the three concentrations of the extract 
(50-200 mg/mL). Both Gram positive and Gram negative 
bacteria were sensitive to the extracts. In contrast to this 
finding, some of the earlier study (Pandey et al., 2011) 
reported that many of the traditional medicinal plants had 
lesser activities against Gram-negative bacteria as 
compared to their activities in Gram-positive. 

The minimum and maximum MIC values observed in all 
the three stems extracts using the different solvents were 
5.6 mg/mL (in S. aureus, P. aeruginosa, and S. 
thyphimurium) and 16.6 mg/mL (E. coli). Likewise, most 
of the isolates had MBC values of 16.6 mg/mL with the 
exception of 50 mg/mL of all the extracts against E. coli. 
Usually, plant extracts are bacteriostatic at relatively 
lower concentrations and bactericidal at higher 
concentrations (Jaya et al., 2008) although antibacterial 
activities could depend on the actual concentration of 
active compounds in the crude extract (Mazumder  et  al., 
2006). In contrary to the current observation, the MIC 
values of extracts of two other species Raninculus (R. 
marginatus var. trachycarpus and R. sprunerianus) were 
reported to be between 128 and 256 μg/mL (Kaya et al., 
2010). In the same report, the maximum inhibition zones 
ranged between 7 and 12 mm, values much lesser than 
what we observed (19.33-23.67mm) for extracts of 
Ranunculus multifidus (inclusive of data on stems and 
leaves extracts). The presence of many bioactive 
phytochemical compounds mainly alkaloids, tannins, 
flavonoids, saponins, steroids and cardiac glycosides 
could be accounted to the antimicrobial activities 
observed in many of the extracts assessed in this study 
either individually or  possibly in combinations. Likewise, 
many of the earlier reports made on antibacterial 
activities of various medicinal plants linked the observed 
activities to many of these phytochemicals (CSA, 2005; 
Bissa and Bohra, 2012). The optimal effectiveness of 
medicinal plants may not be due to one main active 
constituent, but to the combined action of different 
compounds originally present in the plants (Farombi. 
2003; Gonzalez et al., 1994). 

The activities of extracts of the same plant could vary 
depending on the polarity of solvents used for extraction, 
the concentration of active compounds. In the present 
study, petroleum ether extract of stems of K. begonifolia 
revealed remarkably high inhibition on both Gram positive 
and Gram negative with significantly high mean inhibition 
zone diameter (31.00 ± 0.50). Generally, the antibacterial 
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activities of medicinal plants against the test strains 
showed that the crude preparations of traditional 
medicinal plants are among the candidate resources for 
novel antimicrobial agents and calls for further 
strengthening of the search for alternative potent 
antimicrobial agents from the available pool of resources. 
 
 

Conclusions 
 

The traditional medicinal plants evaluated in the current 
study have shown promising activities against both Gram 
negative and Gram positive bacteria. The highest 
antimicrobial activities were recorded for petroleum ether 
extract of Kosteletzkya begonifolia stems against S. 
aureus [Inhibition Zone diameter (IZ), 28.3-30 mm], P. 
aeruginosa (IZ: 27 to 28.67 mm), E. coli (IZ: 28.3 to 31 
mm) and S. typhimurium (IZ, 28 to 30.3)]. The extract 
displayed activity significantly closer to that of the control 
antibiotics, ciprofloxacin (IZ, 30 to 35 mm). The finding 
strengthens the fact that traditional

 
plants could represent 

new sources of antibacterial substances with stable,
 

biologically active components. As the bioactive 
substances present in the extracts of the study plants 
justify the rationale for the use of the same plants in 
traditional medicine, isolation, purification and structural 
elucidation of the bioactive constituents are recommended. 
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LRMPE, Leaf of Ranunculus multifidus petroleum ether 
extract; LRMCF, leaf of R. multifidus chloroform extract; 
LRMME, leaf of R. multifidus methanol extract; LLMPE, 
leaf of Leucas martinicensis (Jacq.) R. Br petroleum ether 
extract; LLMCF, leaf of L. martinicensis(Jacq.) R. Br 
chloroform extract; LLMME, leaf of L. martinicensis 
(Jacq.) R. Br methanol extract; LKBPE, leaf of 
Kosteletzkya begonifolia (Ulbr.) Ulbr petroleum ether 
extract; LKBCF, leaf of K. begonifolia (Ulbr.) Ulbr 
chloroform extract; LKBME, leaf of K. begonifolia (Ulbr.) 
Ulbr methanol extract; SRMPE, stem of Ranunculus 
multifidus petroleum ether extract; SRMCF, stem of R. 
multifidus chloroform extract; SRMME, stem of R. 
multifidus methanol extract; SLMPE, stem of Leucas 
martinicensis (Jacq.) R. Br petroleum ether extract; 
SLMCF, stem of L. martinicensis (Jacq.)R. Br chloroform 
extract; SLMME, stem of L. martinicensis (Jacq.)R. Br 
methanol extract; SKBPE, stem of Kosteletzkya begonifolia 
(Ulbr.) Ulbr petroleum ether extract; SKBCF, stem of K. 
begonifolia (Ulbr.) Ulbr chloroform extract; SKBME, stem 

of K. begonifolia (Ulbr.) Ulbr methanol extract. 
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Emergence and rapid spread of antibiotic resistance has become one of the leading causes of 
treatment failures in case of bacterial infections. Antibiotic combinations are generally used to enhance 
the overall efficacy of therapy with the aim to generate synergistic outcomes. It further helps in 
reduction of total antibiotic dosage. Phytochemicals are known to have multiple bacterial targets that 
modulate or modify resistance in bacteria. In the present study, a microchannel-based device and 
monitoring system was used to demonstrate and investigate short and long term effects of antibiotic-
phytochemical combinations in different proportions on Staphylococcus aureus as test organism. 
Novel and unconventional combinations of antibiotic ciprofloxacin with the phytochemicals, quercetin, 
rutin, protocatechuic acid and ethyl gallate, were tested. Based on the experimental results, the strains 
exposed the antibiotic, generated resistant strains in four days, with 8 to 64 fold increase in their 
minimum inhibitory concentration (MIC) from the parent strain. The strains exposed to antibiotic-
phytochemical combinations, however, showed no resistance causing mutations. The results were 
verified by standard laboratory practices such as disk-diffusion, mutation frequency, population 
profiling and molecular studies on the exposed strains. The phytochemicals were able to potentiate 
antibiotic activity; thereby, increasing the antibacterial efficacy and time span of the treatment with a 
common antibiotic.   
 
Key words: Antibiotic combination therapy, antibiotic resistance, ciprofloxacin, microfluidic-device, 
phytochemical, potentiation, Staphylococcus aureus.  

 
 
INTRODUCTION 
 
Traditionally, phytochemicals and plant extracts have 
been used in medicine for centuries to treat  a  number of 

diseases and disorders that include high blood pressure, 
pain, asthma, depression, viral infection, cancer, diabetes,   

 

*Corresponding author. E-mail: arora.shuchi@gmail.com. Tel: +65-9349-3212. Fax: +65-6792-4062.  
 

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

License 4.0 International License 

 

 

 

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


 

 

1974          Afr. J. Microbiol. Res. 
 
 
 
etc (Cragg and Newman, 2005; Fiore et al., 2008; Sarris, 
2007). Their intrinsic antibacterial property has been 
harnessed in a number of occasions to treat bacterial 
infections (Cushnie and Lamb, 2005; Gibbons, 2004; 
Raos and Recio, 2005). However, with discovery of 
antibiotics and other modern medicines, the use of herbal 
remedies and phytochemicals as therapeutic agents has 
generally reduced. On the other hand, antibiotic 
discovery rate has drastically reduced in recent years 
(Barrett, 2005; Bax et al., 2000; Norrby et al., 2005). 

Phytochemicals have been under close and careful 
scrutiny by many researchers for their antibacterial 
properties (Alviano and Alviano, 2009; Cowan, 1999; 
Lewis and Ausubel, 2006; Raos and Recio, 2005; Shibata 
et al., 2005). These have been used in combination with 
antibiotics to treat multi-drug resistant or extensively drug 
resistant (MDR and XDR, respectively) bacterial species. 
Increasing resistance in bacteria to old and existing 
antibiotics (Grundmann et al., 2006; Levy and Marshall, 
2004), forms the basis for such investigations. The 
pathogen is either reported to become totally resistant to 
the drug or is susceptible at a higher dose (8 folds or 
higher). Particularly, Staphylococcus aureus has been 
reported as one of the superbugs due to its resistance to 
many classes of antibiotics (Lindsay and Holden, 2004; 
Livermore, 2000). Alternative and newer antibacterial 
solutions are hence, constantly required to check the 
ever growing resistance in bacterial populations (Bax et 
al., 2000).  

To overcome the fast pace of adaptive resistance in 
pathogenic bacteria, combination therapy is of significant 
interest (Cottarel and Wierzbowski, 2007; Moellering Jr, 
1983). Screening of drugs in combination with other 
drugs, and more recently, with herbal-based extracts has 
thus, become increasingly popular (Cottarel and 
Wierzbowski, 2007; Sibanda and Okoh, 2007). The main 
interest behind these studies is to find beneficial 
combinations that typically occur at sub-minimum 
inhibitory concentration (MIC) levels of the antibiotic 
(Sakharkar et al., 2009). Combination of an antibiotic with 
an appropriate phytochemical may help to reduce the 
antibiotic dosage as well as harness the benefits of plant-
derived antibacterials (Kyaw et al., 2011). They are 
believed to modify and/or modulate bacterial internal 
resistance and potentiate the effect of antibiotics when 
used in combination (Sibanda and Okoh, 2007). 
Generally, these may thus, increase the efficacy of the 
treatment by inhibiting the phenomenon of resistance 
causing elements, such as mutation of genes encoding 
target enzymes, proteins and efflux pumps (Marquez et 
al., 2005; Sibanda and Okoh, 2007; Stapleton et al., 
2004a; Stapleton et al., 2004b; Tegos et al., 2002).  

In this study, selected phytochemicals were shown to 
delay the antibiotic resistance when used in combination 
with ciprofloxacin as test antibiotic on S. aureus. A 
previously   validated    and   tested   microchannel-based  

 
 
 
 
system (Arora et al., 2009), was used to perform the long 
term screening of drug combinations on the pathogen.  
 
 
METHODS AND MATERIALS 
 
The current study was performed on a microchannel-based, 
microfluidic-device and monitoring system. The design, fabrication 
and validation of the system for drug combination studies have 
been reported by the authors previously (Arora et al., 2009, 2011). 
A brief description of the setup and the microchannel device has 
been explained in the following section. Novel combinations of 
ciprofloxacin and purified phytochemicals were investigated against 
two strains of S. aureus. Four phytochemicals were chosen based 
on their previous antibacterial reports and positive interaction with 
ciprofloxacin (tests not shown in this study), quercetin and rutin-
flavanoids, ethyl gallate - a major tea catechin, and protocatechuic 
acid - a phenolic antioxidant. 
 
 
Experimental system and microchip 
 
The setup consisted of a microfluidic-device (micro-device), 
designed to simultaneously separate and mix two injected fluids 
into six varying mixtures including their original concentrations. The 
same device was also used as a platform for cell culturing (Arora et 
al., 2009). An incubation chamber was designed to provide a 
controlled optimum growth environment for the cells and manipulate 
the micro-device for monitoring. Temperature control and heating 
was maintained by a programmed microcontroller circuitry 
(ATmega16 8-bit microcontroller). The wells were monitored using a 
spectrometer detector at 600 nm wavelength to measure optical 
density (OD) of the bacteria growing under influence of drug 
combination at specific time intervals. The OD was translated using 
a conversion equation to measure bacterial growth into cell count 
and when compared with the laboratory-based gold standards of 
microbial plating and counting. The schematic diagram of the 
incubation chamber, nutrient supply and monitoring system is 
illustrated in Figure 1. The fluids were injected using pre-
programmed syringe pumps into two inlets marked A and B via 
silicone tubings. The same inlets could be used to extract fluid, as 
necessary.   

 
 
Bacterial strains and media 
 
S. aureus ATCC 29213 and ATCC 43300 for methecillin sensitive 
and resistant species (MSSA and MRSA), respectively, were used 
as test organisms. Both strains were kept suspended in Luria-
Bertani (LB) broth containing 40% glycerol (v/v) and stored at -
80°C. Iso-sensitist (IS) broth and agar powders were used as liquid 
and solid media, respectively, procured from Oxoid, Biomedia 
Bloxwich, Singapore. The bacterial stocks were prepared in IS agar 
plates and stored at 4°C. Bacteria from the stock was further sub-
cultured onto IS agar plates one day before each experiment. 

 
 
Antibiotics and phytochemicals 

 
Purified powders of ciprofloxacin, quercetin (quer), rutin (rut), 
protocatechuic acid (PCA or 3,4-dihydroxybenzoic acid) and ethyl 
gallate (EG) were procured from Sigma-Aldrich, Singapore. Stock 
solutions were prepared in DI water and the respective diluent to 
aid dissolution. Ciprofloxacin was dissolved in 40% (v/v) 1 M NaOH 
to a concentration of 10 mg/mL. Quercetin and rutin  were dissolved  
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Figure 1. Schematic illustration of the monitoring system. The incubation chamber was connected to a 
microcontroller circuitry, pre-programmed to maintain the temperature inside the chamber at 37°C (± 0.2°C). 
The tubing from each syringe was connected on one side to the respective inlet (A or B) of the micro-device 
and on the other side connected to its respective reservoir.  

 
 
 
in 60 and 50% (v/v) 0.1 M NaOH, respectively to a concentration of  
102.4 mg/mL. PCA and EG were dissolved in 50 and 100% (v/v) 
ethanol (99.9%) to a concentration of 102.4 mg/mL. The stock 
solutions were filtered, aliquoted and stored at -20°C as per 
recommendations by CLSI (Standards, 2000).  
 
 
MIC and FIC determination 
 
The MICs of the drugs were determined in triplicates by broth 
microdilution method in IS broth as explained by Andrews (2001). 
The antibiotic concentration ranged from 0.0125 to 128 µg/mL and 
8 to 8152 µg/mL for the phytochemicals. The titer plate was 
inoculated by bacteria of 0.5 Macfarland standards (Standards, 
1992) and incubated at 37°C for 24 h aerobically. The MIC endpoint 
was determined as absence of turbidity in the wells followed by 
spectrometer analysis at 600 nm wavelength. The fractional 
inhibitory concentration (FIC) was established to interpret the 
combination effect of the drug-phytochemical pair under 
investigation. This was determined by checkerboard broth 
microdilution method as explained elsewhere (Pillai et al., 2005). 
The FIC index (FICI) for the drug combination was calculated as the 
sum of FIC of the two drugs. 
 
 
Antibiotic-phytochemical combination tests  
 
The tests were performed   separately  on  MSSA  and  MRSA  with  

ciprofloxacin in combination with one of each of the 
phytochemicals: quercetin, rutin, PCA and EG. A total of four 
combinations were tested on both strains, viz. ciprofloxacin with 
quercetin at starting concentrations equal to the MICs determined 
earlier (abbreviated as Cip1-Quer512, numbers indicating the MIC 
in µg/mL), ciprofloxacin with rutin (Cip1-Rut4096), ciprofloxacin with 
PCA (Cip1-PCA4096) and ciprofloxacin with EG (Cip1-EG1024). 
The combinations studies were performed on the experimental 
system explained earlier. Growth and sterility controls of the same 
volumes were also prepared to obtain comparative results. All 
experiments were performed in triplicates. A translation curve for 
OD versus bacterial cell number was established using exponential 
regression to determine the equation relating the two entities. The 
combinations indicating maximum bacterial growth reduction, with 
optical density < 0.055 and/or with cell count < 2.5 × 107 CFU/ml, 
after 24 h (represented as T24) were then tested with the standard 
methods to obtain the time-kill plots to determine bactericidal 
activity of the selected antibiotic-phytochemical combination pair 
(Lorian, 2005).  Bactericidal activity was established at T24 from the 
time-kill assays as greater than 3 Log10-fold decreases from the 
starting concentration (at T0) (Schwalbe et al., 2007). The 
procedures for combination screening and time-kill assays are 
briefly explained in the following paragraphs. 

Overnight bacterial culture in IS broth was injected from the two 
inlets of the microchip to fill the wells to 45 µl. Subsequently, 
ciprofloxacin and one of the four phytochemicals were 
simultaneously injected from the microchip inlets. 5 µl of total 
solution  at   the   required  concentration  were  fed  into  each  well  
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containing the bacterial suspensions. The end solution in the wells 
hence, consisted of six concoctions of the two drugs, including the 
original drug concentration. The resulting volume after drug 
injection in each well was 50 µl. The wells contained decreasing 
concentrations of ciprofloxacin in steps of 20% below its MIC and 
vice-versa for the phytochemicals. The following combinations were 
obtained, 20% ciprofloxacin with 80% phytochemical, denoted as 
Cip20-Phy80 (Phy = quer, rut, PCA or EG), similarly, Cip40-Phy60, 
Cip60-Phy40, Cip80-Phy20 and 100% (=MIC), Cip100 or Phy100. 
The microchip was incubated at 37°C in the incubation chamber 
(Figure 1) for 24 h. Bacterial growth was monitored by directly 
reading the OD of the wells at 600 nm wavelength and later 
translating to bacterial number using the regression equation, after 
2, 4, 6, 8 and 24 h. An identical protocol was used for MRSA.  

As a control experiment for comparison of combination efficacy, 
another experiment was performed on both strains with ciprofloxacin 
at one inlet and sterile DI water at the other, to check the sole 
effects of ciprofloxacin diluted at concentrations less than its MIC at 
20% step reduction.     

After analyzing the results of the above experiments for the 
combination of drugs and ciprofloxacin at sub-MIC concentrations, 
a time-kill assay was performed on the combination that suggested 
maximum growth inhibition indicated by the T24 readings from the 
micro-device (for cell counts < 2.5 × 107 CFU/mL). The colony 
counts as CFU/mL (colony forming units) were plotted against time 
for statistical analysis. The time-kill assay procedure is explained 
elsewhere (Pillai et al., 2005).   
 
 
Long term behavioral study and mutant selection under drug 
combination effect 
 
After the selection of useful combination mixtures of ciprofloxacin 
and phytochemicals, a 15-day long study was conducted. Five 
sterile micro-devices were inoculated with MSSA suspensions 
(~107-108 CFU/ml). Ciprofloxacin from inlet A and phytochemical or 
DI water from inlet B at concentrations equal to their respective 
MICs were then injected into the device. The zero hour reading or 
T0 was taken at the start of Day 1. The inoculated devices 
incubated at 37°C for 24 h in the incubation chamber of the system. 
At the following day at T24, 80% of the fluid in the wells (~40 µl) was 
extracted directly from the wells for analysis in order for fresh drug 
combinations and media to be added from the inlets. The extracted 
fluid was used to conduct disk diffusion test with 5 µg ciprofloxacin 
disks (Becton Dickinson, Singapore) following the procedure as 
previously reported (Schwalbe et al., 2007). Each sample was 
analyzed for ciprofloxacin susceptibility using standard manufacturer 
guidelines regarding the zone diameters in millimeters. This 
process was repeated every 24 h.  

A part of the T72, T144, T216 and T360 samples was diluted in sterile 
phosphate buffer saline and plated onto agar plates for storage. 
These samples were sub-cultured seven times on drug free agar, 
followed by population analysis profiling (PAP), to study the 
heterogeneity of the bacterial population after continuous drug 
exposure (Schwalbe et al., 2007). The PAP was carried out using 
standard protocol on IS agar plates drugged with ciprofloxacin at 
concentrations ranging from 0 to 2 µg/mL (0, 0.06, 0.125, 0.25, 0.5, 
1 and 2 µg/mL). Together with the disk diffusion and PAP tests, the 
susceptibility of ciprofloxacin was established for each sample after 
continuous exposure to ciprofloxacin alone (at MIC and sub-MIC 
levels) and to ciprofloxacin-phytochemical combinations.  

The T360 samples (15th day samples) were stored and sub-
cultured at least seven times on drug free IS agar medium and 
used to determine the mutation frequency and mutation prevention 
concentration (MPC) of ciprofloxacin after continuous drug 
exposure. These would reveal information on whether the addition  

 
 
 
 
of phytochemicals delays the emergence of resistance in S. aureus 
with continuous antibiotic external pressure. The MPC window of 
mutation selection (window: minimum-MIC and maximum-MPC) for 
ciprofloxacin on S. aureus would also elucidate the antibiotic 
potentiation by the addition of phytochemicals.  Calculation and 
determination of mutation frequency was carried out as explained 
elsewhere (Schwalbe et al., 2007).  

For MPC calculation, an inoculum containing 109 CFU/ml was 
spread on agar plates (100 µl each plate) drugged with 2, 4, 8, 16 
times MIC of the sample for ciprofloxacin. They were allowed to 
incubate for 72-120 h and mutation selection window was 
determined. The mutants selected at 2× and 4× respective MICs 
were also assessed further for their MICs to determine the stability 
of resistance. Five to ten random colonies were taken and streaked 
on drug free agar at least seven times before their MICs were 
determined. The MIC microdilution assay was carried out in 
triplicates to get consistent MIC values. The strains with 8-fold or 
higher increase in MIC from the parent MSSA ATCC 29213 strain 
were scrutinized further by molecular analysis to confirm 
occurrence of genetic mutations, if any.  

Ciprofloxacin resistance was confirmed by carrying out molecular 
studies. Amplification of quinolone resistance-determining regions 
(QRDR) of gyrA, gyrB, grlA and grlB genes and norA promoter were 
performed using polymerase chain reaction (PCR), as explained by 
Sutandar et al. (2008).   

 
 
RESULTS  
 
The results of the antimicrobial susceptibility tests 
performed on MSSA and MRSA strains are summarized 
in Table 1. It can be noted from the preliminary micro-
dilution studies and checker board analysis that the FICI 
for the combination of ciprofloxacin with the phyto-
chemicals is > 0.5 and ≤ 1.0 that suggest synergistic/ 
additive outcome of the selected phytochemical with the 
antibiotic.  

The preliminary data from the micro-device experiments 
provided useful combinations for further tests. In the 
observations from the control tests that were performed 
with ciprofloxacin and its dilution with DI water for MIC 
and sub-MIC levels (0 to 100 % ciprofloxacin), the wells 
showed significant bacterial growth (CFU/ml > 7 × 10

10
) 

for concentrations less than MIC up to 20% (0.2, 0.4, 0.6, 
0.8 µg/mL) and 0% as the control (data not shown) for 
both MSSA and MRSA. The addition of phytochemicals 
in place of DI water showed enhanced bacterial reduction 
at T24. Quercetin and EG addition had a potentiating 
effect on ciprofloxacin dose and were able to suppress 
bacterial growth for 24 h for both MSSA and MRSA. All 
combinations of ciprofloxacin with quercetin and EG, on 
the micro-device gave CFU/ml < 2.5 × 10

7
 and hence, 

were further tested with ciprofloxacin to determine long 
term usage and bactericidal activity, if present. However, 
for PCA and rutin on MSSA, only two combinations each 
were selected for further testing, Cip20-PCA/Rut80 and 
Cip20-PCA/Rut80. The combinations selected for PCA 
and rutin on MRSA were Cip20-PCA80, Cip40-PCA60, 
Cip80-PCA20, Cip20-Rut80 (results not shown in this 
study). 
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Table 1. MIC, FIC and FICI of Ciprofloxacin (cipro) with quercetin (quer), PCA, rutin and EG.  

 

Organism 

MIC when single drug was 
used (µg/ml) 

MIC when drug used in 
combination (µg/ml) 

FICI 

Cipro Phytochemical Cipro Phytochemical  

MSSA 

1 Quer - 512 0.25 Quer - 256 0.75 

1 Quer - 512 0.5 Quer - 128 0.75 

1 PCA - 4096 0.25 PCA - 2048 0.75 

1 PCA - 4096 0.5 PCA - 1024 0.75 

1 Rutin - 4096 0.5 Rutin - 2048 1.00 

1 EG - 1024 0.25 EG - 512 0.75 

1 EG - 1024 0.5 EG - 256 0.75 

      

MRSA 

1 Quer - 512 0.25 Quer - 256 0.75 

1 Quer - 512 0.5 Quer - 128 0.75 

1 PCA - 4096 0.25 PCA - 2048 0.75 

1 Rutin - 4096 0.5 Rutin - 2048 1.00 

1 EG - 1024 0.25 EG - 512 0.75 

1 EG - 1024 0.5 EG - 256 0.75 

 
 
 
The bactericidal activity of the selected combinations was 
determined by time-kill assays. The time-kill plots are 
shown in Figure 2 for combinations against MSSA. From 
the graphs in Figure 2, it can be observed that for 
quercetin and EG, three out of four combinations showed 
total bactericidal activity, and one of the combinations 
showed bacterial growth suppression or inhibition only. 
For PCA, both the selected combination percentages 
showed bactericidal effects. For rutin, out of the two 
selected combinations from the previous experiments, 
one of the combinations showed bactericidal effect while 
the other showed bacteristatic effects.  

After the 15-days experiment, the PAP studies of the 
samples collected at T72, T144, T216 and T360, revealed the 
presence of subpopulations capable of growing on plates 
with ≥ 1 µg/ml (MIC) of ciprofloxacin. These sub-
populations were not seen in the T0 (or parent strain) 
PAP. Several samples from the ciprofloxacin combination 
pairs, including the ciprofloxacin-rutin combination 
(Cip20-Rut80 and Cip80-Rut20), the ciprofloxacin-
quercetin combination (Cip80-Quer20) and the 
ciprofloxacin-EG combination (Cip20-EG80 and Cip80-
EG20) showed growth on plates with 1 µg/mL 
ciprofloxacin in the T72 PAP, but no growth was observed 
on 2 µg/mL at T360 (PAP data not shown). The averaged 
MICs of the T360 samples and their respective mutation 
frequencies are tabulated in Table 2. 

Based on the MICs and mutation frequency 
calculations, the ciprofloxacin exposed strains of S. 
aureus obtained at the end of 15 days (T360 sample) 
showed higher selection of mutants as compared to 
those exposed to combinations. Selection of mutants was 
also observed at 4× MIC for  the  respective  ciprofloxacin 

exposed strain. Whereas, the MIC of the final strains 
increased up to 64 folds as compared to the starting MIC, 
and also compared to the T360 sample of the control 
strain. The mutation prevention concentration or MPC 
window for the control strain was determined as 1-4 
µg/mL of ciprofloxacin. However, as seen from the table, 
there were mutants selected from significantly higher 
concentration of ciprofloxacin (32-64 µg/mL), indicating 
the development of ciprofloxacin-resistant S. aureus. For 
the T360 samples exposed to combination, the mutation 
frequency remained lower than the corresponding 
ciprofloxacin exposed strains (≤ 10

-6
). In some cases, 

there were no mutants selected at two and four times 
MIC. The mutation frequency was hence less than 10

-9
. 

The MIC of these strains was also maintained at ≤ 2 
µg/mL, with Cip80-Quer/EG20 being the exceptions. The 
MICs of the isolates obtained from plates with respective 
MIC or twice MIC of ciprofloxacin is summarized in Table 
3. Strains exposed to ciprofloxacin at MIC and sub-MIC 
(strains - Cip100-20) showed resistance to ciprofloxacin 
with MIC ≥ 32 µg/ml. This resistance was further 
confirmed by genetic analysis.  

For isolates with MIC ≥ 8 µg/ml, genetic evaluation of 
the QRD region and norA promoter sections of the 
bacterial genome was performed. For all the ciprofloxacin 
exposed strains, the gyrA, gyrB, grlA and norA genes 
sections remained unaltered. However, a point mutation 
in grlB gene at codon 470 was found, the original 
asparagine amino acid was substituted by isoleucine. 
The resultant strain was similar to the one found by 
Sutandar et al. (2008) where they had exposed the 
parent S. aureus strain (ATCC strain) to 50% MIC (0.5 
µg/mL)  of  ciprofloxacin  for  seven   days.   Interestingly,  
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Figure 2. Time-kill plots of ciprofloxacin with a phytochemical in working combinations. (A) Ciprofloxacin in combination with 
quercetin (1 µg/mL – Cip1, 512 µg/mL – Quer512), (B) with protocatechuic acid (4096 µg/mL – PCA4096), (C) with rutin (4096 
µg/mL – Rut4096) and (D) ethyl gallate (1024 µg/mL – EG1024).. All percentage mixtures given in the form of antibiotic to 
phytochemical percentage (C-Q, C-P, C-R, C-E).  

 
 
 
there was no genetic variation found in isolates (MIC ≥ 8 
µg/mL) exposed to ciprofloxacin-phytochemical 
combination.   
 
 
DISCUSSION 
 
In this study, the authors used ciprofloxacin that belongs 
to the fluoroquinolone family. It is a broad spectrum 
antibiotic that inhibit bacterial enzyme, DNA 
topoisomerase II, important for DNA replication and cell 
division. However, due to its increased and over use in 
the past, many bacterial species including S. aureus have 
acquired ciprofloxacin resistance (Campion et al., 2004; 
Nakanishi et al., 1991). Reduction of antibiotic dosages 
may contribute to minimizing the side effects associated 
with many antibiotics and in some cases also play  a  role 

in delaying the occurrence of resistance (Amyes et al., 
2007). The reduction of antibiotic dose can be 
augmented by alternative antimicrobial agents in 
combination with it to give plausible synergy. In the 
present work, phytochemicals were used in combination 
with the antibiotic with the aim of facilitating the reduction 
of synthetic drug dose, thereby reducing toxicity and 
adverse interactions; at the same time, modulating 
development of adaptive resistance.  

Similar to the quinolones, quercetin and rutin (plant 
flavanoids) target type II DNA topoisomerases and 
induces DNA cleavage. These are therefore, also 
referred to as topoisomerase poisons (Plaper et al., 
2003). As seen from the results, the potentiating activity 
of quercetin with ciprofloxacin can be attributed to the 
high selectivity of quercetin for prokaryotic DNA gyrase, 
while ciprofloxacin primarily target topoisomerase IV in S.  
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Table 2. Mutation frequency of T360 samples of S. aureus exposed to ciprofloxacin alone and in 
combination with phytochemicals. The strain names are represented as drug, to which it was exposed to for 
15 days, followed by the percentage of its starting MIC. The MICs given in the table were determined after 
15 days of drug exposure. 
 

Control 
Strain 

MIC of 
Ciprofloxacin 

(µg/ml) 

Mutation frequency 

2× MIC 4× MIC 

MSSA (ATCC 29213) 1 4×10
-7

 < 10
-9

 

Ciprofloxacin only 

Ciprofloxacin MIC 
and sub-MIC 
concentrations 

Cip100 16 10
-1

 10
-6

 

Cip80 8 10
-1

 9×10
-7

 

Cip60 8 10
-1

 9×10
-7

 

Cip50 8 10
-1

 2×10
-7

 

Cip40 8 10
-1

 3×10
-7

 

Cip20 4 10
-1

 5×10
-7

 

     

Ciprofloxacin in combination 

With PCA 

Cip20-PCA80 1 < 10
-9

 < 10
-9

 

Cip40-PCA60 1 < 10
-9

 < 10
-9

 

Cip80-PCA20 2 1.5×10
-6

 < 10
-9

 

With Rutin 
Cip20-Rut80 2 1.6×10

-6
 < 10

-9
 

Cip80-Rut20 2 2×10
-6

 < 10
-9

 

With Quercetin 

Cip20-Quer80 1 < 10
-9

 < 10
-9

 

Cip40-Quer60 2 < 10
-9

 < 10
-9

 

Cip60-Quer40 2 1.6×10
-6

 < 10
-9

 

Cip80-Quer20 4 3×10
-6

 < 10
-9

 

With EG 

Cip20-EG80 2 2.3×10
-6

 < 10
-9

 

Cip40-EG60 2 1.5×10
-6

 < 10
-9

 

Cip60-EG40 2 < 10
-9

 < 10
-9

 

Cip80-EG20 4 3×10
-6

 < 10
-9

 

 
 
 
aureus (Bearden and Danziger, 2001; Hilliard et al., 
1996). This brings about cell lysis due to irreversible DNA 
damage upon replication and hence, gives a bactericidal 
effect. This was also observed in the long term bacterial 
physiological analysis (Figure 2 and Tables 2 to 3). The 
low mutation frequency and non-mutation selection for 
some combinations are suggestive of delayed mutation. 
This delay can be due to the fact that both the drugs work 
on different and essential targets of the bacterial cell to 
bring about cell death. Ciprofloxacin resistance in S. 
aureus is mainly due to altered target, usually mutation in 
genes coding enzyme DNA gyrase and by multi-drug 
resistant or MDR efflux pumps (Bearden and Danziger, 
2001; Hooper, 2002). As seen in the DNA evaluation of 
the ciprofloxacin exposed strains, a point mutation was 
observed in one of the genes coding the topoisomerase II 
protein sub-units. Quercetin in some studies has also 
shown to make the bacterial cell wall more permeable, 
allowing the drugs to enter through the cell wall (Mirzoeva 
et al., 1997). This explains the potentiating activity of the 
plant medicine on the antibiotic action.  

In the case of ciprofloxacin with rutin, the same 
potentiation was not observed (Figure 2 and Table 2) 
even though rutin belongs to the same class of plant 
flavanoids. Here, the primary target for both drugs is 
bacterial toposisomerase IV, making it a competitive site 
(Bernard et al., 1997). Hence, even at high concentrations 
of rutin (3277 µg/mL or 80% MIC), potentiating activity 

was not observed at any combination.  
The activity of ciprofloxacin with EG was comparable to 

that of ciprofloxacin with quercetin, in terms of bactericidal 
activity, potentiating activity and exhibiting lower mutation 
frequency. In general, alkyl gallates have an amphipathic 
molecular structure with a hydrophobic alkyl part (tail) 
and a hydrophilic pyrogallol moiety (head). They are 
known to disrupt the fluidity of the lipid bilayer of the 
bacterial cell membrane. Due to their molecular structure, 
they act as surfactants and inhibit the electron transport 
chain of the membrane, thereby inhibiting the bacterial 
respiratory system (Kubo et al., 2002, 2003). Since they 
do not have to enter the cell for their action, they are 
usually not affected by the mechanisms that cause  
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Table 3. Ciprofloxacin MIC (µg/mL) for mutants selected from S. aureus drug exposed strains. The 
mutants were selected from 2× and 4× respective MICs of T360 samples. 
 

Strain × MIC MIC of selected mutant strains (µg/mL) 

Control (MSSA ATCC 29213) 1 2 

Cip100 2 64 

Cip80 2 32 

Cip60 2 32 

Cip50 2 64 

Cip40 1 32 

Cip20 1 8 

Cip20PCA80 1 2 

Cip40PCA60 1 2 

Cip80PCA20 2 4 

Cip20Rut80 2 8 

Cip80Rut20 2 16 

Cip20Quer80 - 1 

Cip40Quer60 2 2 

Cip60Quer40 2 2 

Cip80Quer20 1 8 

Cip20EG80 2 2 

Cip40EG60 2 2 

Cip60EG40 1 2 

Cip80EG20 2 4 

 
 
 
resistance in bacteria. By further addition of ciprofloxacin, 
the potentiation might have taken place due to 
disturbance in the fluid membrane by EG, allowing easy 
access for the antibiotic to its intracellular target. The low 
mutation frequency and absence of any genetic variation 
in the T360 sample also supports the potentiation of 
ciprofloxacin by EG.  

The activity of ciprofloxacin with PCA also showed 
bactericidal effect in both short term and the long term 
studies. The MIC was consistent with the parent strain 
throughout the 15 days and no mutants were selected at 
higher MIC values from these samples. The molecular 
mechanism of action for PCA and related compounds is 
not completely understood, but their antibacterial 
properties have been demonstrated by several 
researchers (Liu et al., 2005; Rahman et al., 2005).  

The results of the present study of antibiotic 
potentiation by phytochemicals and their role in the delay 
of adaptive resistance or mutational events in S. aureus 
suggest a possible incorporation of these ubiquitous 
elements of nature into the treatment of resistant 
bacterial infection by common antibiotics. However, more 
research and in-vivo trials need to be conducted with 
these combinations.  Even though plant-derived 
antimicrobials have been shown to be effective both in-
vitro and in-vivo, and known for their resistance 
modulating capabilities, they are not yet available in 
mainstream medicine (Lewis and Ausubel, 2006; Simoes 

et al., 2009). Plant antibacterials tend to be less potent as 
compared to most antibiotics and unable to be used 
alone for treatment of infections. As also seen in this 
paper, their MIC is 10 to 12 fold higher than ciprofloxacin. 
For them to be used in a clinical scenario, the 
pharmacokinetic and pharmacodynamic (PK/PD) models 
of the drug must be taken into account. With such high 
MIC values in vitro, the bioavailability of the drug in vivo 
as effective dose becomes difficult to reach. Many 
academic researchers have reviewed attractive potential 
of plant-derived antimicrobials, and have suggested that 
they cannot be used alone (Alviano and Alviano, 2009; 
Lewis and Ausubel, 2006; Sibanda and Okoh, 2007; 
Simoes et al., 2009). Plant antimicrobials with their 
narrow spectrum of action can target multiple sites in a 
bacterial cell, many of which are potentiating targets for a 
selected antibiotic. Their addition, as resistance modifying 
agents can be beneficial when used in combination with a 
strong antibiotic. The bacterial cell acquires resistance 
against the antibiotic within a few days, but the addition of 
phytochemicals can make the treatment constructive for 
long term.   
 
 
Conclusions 
 
In this paper, the authors have demonstrated the use of 
phytochemicals as resistance modulating agents in  



 

 

 
 
 
 
combination with test antibiotic, ciprofloxacin against 
common nosocomial bacteria, S. aureus. It was observed 
in the-long term study that S. aureus developed 
ciprofloxacin resistance in as few as four days of 
continuous exposure to the antibiotic. The T360 samples 
exposed only to ciprofloxacin were genetically mutated to 
a similar ciprofloxacin-resistant strain shown by Sutandar 
and co-workers (2008). This was further validated by disk 
diffusion tests, PAP tests and mutant selection studies. 
The mutation frequencies of ciprofloxacin exposed strains 
were much higher when compared with those of the 
combinations. The results suggested a delay, if not total 
reversal, in the process of acquiring ciprofloxacin-
resistance with the addition of phytochemicals as 
modulators or potentiating agents.  

The microchannel monitoring system used in the study 
was capable of expediting the process of simultaneous 
drug combination investigations. This system may be 
useful to enhance the study of antimicrobial combinations 
on bacterial pathogens by taking into consideration other 
combination ratios not usually investigated in accordance 
with the existing methods of FICI.  
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