
© All Rights Reserved

*Corresponding author. 
Email: yaya_rukayadi@upm.edu.my
Tel: +60-3-8946-8519; Fax: +60-3-8942-3552

      International Food Research Journal 22(5): 1770-1776 (2015)
Journal homepage: http://www.ifrj.upm.edu.my

1Sylvester, W. S., 1Son, R., 1Lew, K. F. and 1,2*Rukayadi, Y.

1Department of Food Science, Faculty of Food Science and Technology, Universiti Putra 
Malaysia, 43400 UPM Serdang, Selangor Darul Ehsan, Malaysia

2Laboratory of Natural Products, Institute of Bioscience, Universiti Putra Malaysia, 43400 UPM 
Serdang, Selangor Darul Ehsan, Malaysia

Antibacterial activity of Java turmeric (Curcuma xanthorrhiza Roxb.) 
extract against Klebsiella pneumoniae isolated from several vegetables

Abstract

Klebsiella pneumoniae is a foodborne pathogen associated with pneumoniae. Multiresistance 
to antibiotics of K. pneumoniae is a significant public health treat. Recently, the use of 
natural products such as herbs to inhibit the growth of pathogens is increasing. Java turmeric 
(Curcuma xanthorrhiza Roxb.) has been reported to possess antibacterial activity against 
foodborne pathogens. Unfortunately, the antibacterial activity of java turmeric extract against 
the resistance to multiantibiotics of K. pneumoniae has not been investigated. In this study, 
the antibacterial activity of Java turmeric extract was tested against 24 isolates of resistant K. 
pneumoniae that was isolated from several vegetables; lettuce, cucumber, tomato and carrot, 
using the methods recommended by the Clinical and Laboratory Standard Institute (CSLI), 
including disc diffusion method, minimal inhibitory concentration (MIC), minimal bactericidal 
concentration (MBC) and killing time at concentration 0× MIC, ½× MIC, 1× MIC, 2× MIC 
and 4× MIC with predetermined time of 0, 0.25 , 0.5, 1, 2 and 4 h. The results showed that 
Java turmeric extract is susceptible to all resistant K. pneumoniae with inhibition zones ranging 
from 8.67 ± 0.58 to 10.00 ± 0.00 mm. The MIC and MBC values for the K. pneumoniae isolates 
against all bacterial isolates was 1.25 and 2.5 mg/ml, respectively. The killing time curve shows 
the reduction of resistant K. pneumoniae cells is fast acting; > 3 log10 within less than 15 min 
at 4× MIC (5.0 mg/ml). Finally, the isolates were completely killed at 4× MIC for 15 min. In 
conclusion, the Java turmeric extracts can be developed as natural antimicrobial agent to inhibit 
the growth of K. pneumoniae in food system.

Introduction

Klebsiella species is one of the members of 
enterobacteriaceae, Gram-negative, facultative 
anaerobic, non motile and non-flagellated bacilli, 
which are less well known bacteria that have also 
been implicated in foodborne diseases. Klebsiella 
pneumoniae  is ubiquitous  in environment such as 
vegetation, soil and surface water. Furthermore, 
the isolates from the environment were found to 
be as virulent as the clinical strains (Bagley, 1985; 
Struve and Krogfelt, 2004; Balestrino et al., 2008). 
Although these bacteria may often be associated to 
food spoilage, it also may occasionally cause what 
is often described as opportunistic pathogens. It has 
been considered as opportunistic pathogens because 
adults and healthy persons are not at high risk to 
develop infections and illness but young children, the 
elderly and immunocompromised as well as people 
who practice poor sanitation and inadequate nutrition 
are at high risk. Klebsiella spp. are ubiquitous in the 

nature and have two widespread habitats; either being 
in the environment such as water, sewage and soil 
otherwise being the mucosal surfaces of mammals 
such as humans or horses (Podschun and Ullmann, 
1998). Outbreaks of gastrointestinal diseases from 
fresh produce were also found to be triggered by 
bacterial contamination especially associated to the 
Enterobacteriaceae family (Falomir et al., 2010). In 
Houston, Texas, K. pneumoniae infection caused the 
patient to suffer from the symptoms of gastroenteritis 
which led to multiorgan failure. It was also reported 
that dried bush okra (Corchorus olitorius), African 
spider herbs (Cleome gynandra) both in Botswana 
and fruit juices from Libya showed the presence of 
K. pneumoniae (Mpuchane and Gashe, 1996; Sabota 
et al., 1998; Ghengesh et al., 2005; Puspanadan et al., 
2012). Fresh sprout products in Canada was found to 
be contaminated with K. pneumoniae (Lawley et al., 
2012). For that reason, edible medicinal plants can be 
used as one of the alternative methods to minimize 
or eliminate the foodborne pathogens since they had 
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been found to be rich in antimicrobial agents. 
The findings of the new antimicrobial 

compounds in natural products especially from 
plant origins became one of the remarkable 
alternatives for treatments since they are rich in 
numerous varieties of secondary metabolites such as 
alkaloids, flavanoids, tannins, antharaquinones and 
phenolic compounds with antimicrobial properties 
(Olajuyigbe and Afolayan, 2012). In the period 
before 2007, approximately half of all the drugs  
recorded worldwide are from natural products or 
their synthetic derivatives (Fernandes Júnior et al., 
2014). 

One of the large genus of rhizomatous herbs 
is Curcuma (Zingiberaceae) which can be found 
in tropical and subtropical regions especially in 
Indonesia, India, Thailand, the Malay Archipelago, 
Indochina as well as Northern Australia. The rhizomes 
of Curcuma have been generally used in the form of 
powder as flavours in native dishes and constituent in 
many traditional medicine to treat various ailments 
(Jantan et al., 2012). Our interest mainly is on the 
Curcuma xanthorrhiza Roxburgh which is also known 
as temulawak in Malaysia. The bioactive compound 
in C. xanthorrhiza, xanthorrhizol (Figure 1) exhibited 
anticariogenic activity against Streptococcus mutans 
(Rukayadi and Hwang, 2006), antifungal against C. 
albicans, C. glabrata, C. guilliermondii, C. krusei, 
C. parapsilosis and C. tropicalis (Rukayadi et al., 
2006), anti-Malassezia activity against M. furfur and 
M. pachydermatis (Rukayadi and Hwang, 2007a) 
and antimycotic against opportunistic filamentous 
fungi (Rukayadi and Hwang, 2007b). As the results, 
this study is aimed to investigate the antimicrobial 
activity of C. xanthorrhiza Roxb. extract against K. 
pneumoniae that had been isolated from vegetables.

Materials and Methods

Plant material and preparation of methanolic extract
The rhizome of temulawak or Curcuma 

xanthorrhiza Roxb. were obtained from Laboratory 
of Natural Product, Institute of Bioscience (IBS), 
Universiti Putra Malaysia, Serdang. The dried 
rhizome of C. xanthorrhiza was grounded into 
powder and extracted using methanol (Rukayadi et 
al., 2008). 100 g of powdered dried medicinal plant 
was soaked in 400 ml of absolute methanol for 48 
hours at room temperature and repeated twice. The 
extract was then filtered using Whatman filter paper 
No. 2 (150 mm) ( Sigma-Aldrich, St. Louis, USA) 
and further treatment with rotary vacuum evaporator 
to yield concentrated methanol extract at 50˚C 
at Laboratory of Biochemistry, Faculty of Food 
Science and Technology, Universiti Putra Malaysia, 
Serdang. The methanolic extract was then preserved 
at 4˚C for further use (Soniya et al., 2013). For the 
antimicrobial assay, the 0.1 g of extract was dissolved 
in 1 ml dimethylsufoxide (DMSO) to obtain stock 
solution. Throughout this study, 1% or 10 mg/ml of 
the plant extract was used. A 10% DMSO was used 
as a negative control since it does not kill the tested 
bacteria in this study. 

Klebsiella strains and inoculum preparation
The 24 isolates of K. pneumoniae were obtained 

from Bacteriology Food Safety Laboratory, Universiti 
Putra Malaysia, Serdang. The isolates were isolated 
from raw vegetables (Puspanadan et al., 2012).  K. 
pneumoniae ATCC 13773 from the American Type 
Culture Collection (Rockville, MD, USA) was used 
as a reference control throughout the study. All the 
test strains were sub-cultured on Mueller Hinton 
Agar medium (MHA), incubated at 37˚C for 24 h 
and stored at 4˚C in the refrigerator to maintain stock 
culture.

Disc-diffusion method
The susceptibility screening of the bacterial 

isolates to the plant extract and chlorhexidine (CHX) 
as a control was determined using the Kirby-Bauer 
diffusion method (Bauer et al., 1966) to conduct initial 
determination of antimicrobial activity of the crude 
methanol extract of C. xanthorrhiza. Sterile filter 
paper was used to prepare 6 mm in diameter discs and 
10 μl of 1% plant extract was impregnated on the disc. 
A 1% chlorhexidine and 10% DMSO was included in 
the test and served as positive and negative control 
respectively. All of the plates were then incubated 
at 37˚C for 24 hours. The determination was done 
in duplicates and performed 3 times for each of the 
isolates. After 24 hours of incubation, the plates were 
observed for any clear zone and the diameters for 
each isolates were measured in millimeters. A clear 
inhibition zone around impregnated disc was the 

Figure 1. Structure of xanthorrhizol (Rukayadi et 
al., 2009)
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indication of the presence of antibacterial activity.

Minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) determination

The minimum inhibitory concentration (MIC) 
and minimum bactericidal concentration (MBC) 
of C. xanthorrhiza for each isolates was performed 
on Mueller Hinton agar and broth according to 
the method described in the guidelines of Clinical 
Laboratory Standard Institute M7-A9 (2012) with 
modification. In brief, this test was done in a 96-
well round bottom microtitre plate for all of the 
K. pneumoniae isolates using broth microdilution 
methods; the bacterial suspension was made from an 
overnight culture and diluted to a turbidity comparable 
to that of a 0.5 McFarland standard and further 
diluted with broth so that the final concentration of 
the bacteria was approximately 106 cfu/ml. The 96-
well microtitre was filled with a two-fold dilution of 
C. xanthorrhiza extract stock solution mixed with the 
bacterial isolates in Mueller Hinton broth (MHB). 
The purpose of the two-fold dilution is to reduce 
the concentration of the solution by a factor of two 
which then reduces the original concentration by one 
half. The dilution on the wells was started from the 
column at position 12 of the microtiter plates. The 
microdilution method was done by adding 100 μl 
of inoculums from the MHB medium into each of 
the microwells except for the column at position 1 
that served as the negative control (fresh medium 
without inoculum or antibacterial agent). Then, 100 

μl of plant extract was added into the column at 
position 12 on the microwell. The extract was then 
mixed using the pipette and 100 μl of the mixture was 
subsequently transferred into the next microwell at 
column position 11. The procedure was repeated and 
it went from right to left on the microtitre plate. After 
all dilution was performed, 100 μl of the suspension 
at column position 3 was discarded and column 2 
served as the positive control (fresh medium and 
inoculum). The microtiter plate was then incubated 
at 37˚C for 24 hours aerobically. The MIC is defined 
as the lowest concentration of an antimicrobial agent 
that prevents visible growth of test microorganism in 
the 96-well microtiter plates. The first well with no 
visible growth after the incubation period was taken 
as the MIC. 

The minimum bactericidal concentration (MBC) 
is the minimal concentration of antimicrobial that 
kills the inoculums and can be determined from broth 
dilution MIC test by subculturing into MHA medium 
(approximately of 10 μl) without any antimicrobial 
agents (French, 2006; Rukayadi et al., 2009). The 
positive controls (fresh medium and inoculums) 
which were in column 2 and wells in column 1 as 
the negative controls (antimicrobial agent free wells) 
were also included in the MBC test. The plate was 
then incubated at 37˚C for 24 hours aerobically. MBC 
is defined as the lowest concentration of antimicrobial 
agent whereby the K. pneumoniae in the culture were 
killed or the lowest concentration with no visible 
growth on MHA plates.

Table 1. Summary of inhibition zone, minimal inhibitory concentration (MIC) and minimal 
bactericidal concentration (MBC) for K. pneumoniae isolates
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Time-kill assay
Time-kill assay was used to examine the rate 

at which concentration of an antimicrobial agent 
kills a bacterial isolate and also to evaluate new 
antimicrobial agent. Time-kill assay was performed 
in MHB medium according to the method of 
Lorian (2005) and Pankey and Ashcraft (2009), 
with some modifications. There were four different 
concentrations of C. xanthorrhiza extract used to 
kill the resistant K. pneumoniae isolates and  as a 
reference strain (ATCC 13773): 0× MIC, ½× MIC, 
1× MIC, 2× MIC and 4× MIC. All isolates were 
incubated at 37 ˚C with 150 rpm agitation at pre-
determined time points (0, 15 and 30 minutes as well 
1, 2 and 4 hours). At each of the time point, 100 μl 
aliquots were removed from each concentration and 
spread on the MHA medium and incubated at 37˚C 
for 24 hours. The number of colonies that was visible 
on the plates was counted and recorded as log (cfu/
ml). 

Results and Discussion

Medicinal plants are being actively exploited to 
expose their natural antimicrobial properties. There 
are many researches on the antimicrobial activity 

of C. xanthorrhiza reported but not yet exposed 
to K. pneumoniae. The solvent used to extract C. 
xanthorrhiza was methanol and  plant extract in 
organic solvent, methanol showed more consistent 
extraction in terms of antimicrobial substances from 
medicinal plants compared to those extracted in 
ethanol, water or hexane (Parekh et al., 2005; Hafidh 
et al., 2011; Soniya et al., 2013). The effects of C. 
xanthorrhiza extracts against twenty four isolates 
of K. pneumoniae isolated from several vegetables 
were identified and the results of the inhibition zone 
were summarized in Table 1. The inhibition zone of 
the extract at 10 mg/mL showed that K. pneumonaie 
ATCC 13773 exhibited 12.33 ± 0.58 mm and the 
isolates from tomato(T1), cucumber (C4), lettuce 
(L2) and carrot (K3) was 10.00 ± 0.00 mm, 10.00 
± 0.00 mm, 9.68 ± 0.58 mm and 10.00 ± 0.00 mm 
respectively. From the results of inhibition zone, 
C. xanthorrhiza extract is effective against K. 
pneumoniae ATCC 13773 and from those strains 
isolated from Malaysian vegetables. Puspanadan et 
al. (2013) reported that all twenty four isolates of K. 
pneumoniae isolated from Malaysian vegetables are 
resistant to aminoglycosides, penicillin, tetracyclines 
and sulfonamides. From previous researches done 
on K. pneumoniae, a number of medicinal plants 

Table 2. Summary of time-kill 
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extracts cannot inhibit the growth of these bacteria 
(Okigbo and Omodamiro, 2007; Joshi et al., 2011). 
Generally, medicinal plant extracts were effective 
against Gram-positive compared to Gram-negative 
bacteria. These could be explained by the distinctive 
feature of Gram-negative bacteria that have a double 
membrane surrounding the bacteria which make the 
outer membrane excludes certain drug, antibiotics and 
antibacterial agents from penetrating the cell therefore 
making Gram-negative bacteria the most resistant to 
plant extract in contrast of Gram-positive bacteria 
(Reynolds, 1996; Zaidan et al., 2005; Gangoué-
Piéboji et al., 2009; Hafidh et al., 2011). This might 
be due to the fact that Gram-negative bacteria have 
the hydrophilic cell wall structure consisted of lipo-
polysaccharide (LPS) that acts as a defence system to 

block the penetration of hydrophobic components and 
avoids the accumulation of plant extract in target cell 
membrane. On the other hand, this outer membrane 
has the capability to pass the lipophilic compounds  
and macromolecules. Permeating outer membrane of 
the microorganisms is the prerequisite condition for 
any solute to have antibacterial activity (Bezic et al., 
2003; Bajpai et al., 2007; Kang et al., 2011).  

For this study, the K. pneumoniae isolates 
which were resistant to aminoglycosides, penicillin, 
tetracyclines and sulfonamides (Puspanadan et al., 
2012) were selected to identify which concentration 
of the plants extracts that can inhibit the bacterial 
growth. Quantitative analyses of the C. xanthorrhiza 
on the antimicrobial activity were obtained through 
the determination of minimal inhibitory concentration 
(MIC) and minimal bactericidal concentration 
(MBC) values. From table 1, the MIC and MBC for 
all K. pneumoniae isolates were 1.25 and 5.0 mg/
ml respectively while for ATCC 13773 the MIC and 
MBC was 0.078 and 5.0 mg/ml respectively. 

In the time-kill assay, the results was presented 
in terms of the changes in the log10 cfu/ml of viable 
colonies which indicated that the extract exhibited 
a significant bactericidal activity.  According to 
Scheetz et al. (2007) and  Olajuyigbe and Afolayan 
(2012), once the viable colony counts was equal 
to 3 log10 cfu/ml or have greater reduction was 
deliberated to have bactericidal activity. The results 
of the time-kill assay were summarized in Table 2 
and Figure 2 is the representative of the time-kill 
curve graph for the isolates. For strains that were 
isolated from lettuce (L), tomato (T) and carrot (C), 
plant extract can inhibit completely after 0.25 hours 
of incubation time at concentration of 4× MIC while 
the isolate from cucumber (K) the plant extract can 
kill completely after 0.25 and 0.5 hours of incubation 
time at concentration of 4× MIC and 2× MIC, 
respectively. For the K. pneumoniae ATCC 13773, 
the plant extract can kill the strain at concentration 
of 8× MIC, 4× MIC and 2× MIC for 0.25, 0.5 and 2 
hours respectively. 

Conclusion

From the findings, it showed that C. xanthorrhiza 
extracts exhibits the potential natural antibacterial 
candidate as a food sanitizer for vegetables. The 
results obtained can be further studied aiming to 
understand the antibacterial mechanisms of the 
compound found in the C. xanthorrhiza so that the 
benefits of the plants can be exploited. 

Figure 2. Representative time-kill curve of K. pneumoniae 
isolates from several vegetables; 2A and 2B (0, 0.625, 
1.25, 2.5 and 5.0 mg/ml) at concentration of 0× MIC, 
1/2× MIC, 1× MIC, 2× MIC and 4× MIC including K. 
pneumoniae ATCC 13773; 2C (0, 0.078, 0.156, 0.312 and 
0.624 mg/ml) at concentration of 0× MIC, 1/2× MIC, 1× 
MIC, 2× MIC, 4× MIC and 8× MIC
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