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Evolution of resistance in foodborne pathogens to the currently available antibiotics in
the market demonstrate the importance of identifying novel antimicrobial agent.
Therefore, in this study, Boesenbergia rotunda (fingerroot) from Zingiberaceae family
was chosen to be further assessed as antimicrobial agent against eight species of
reference foodborne pathogens including its multi-antibiotics resistant isolates, namely
Escherichia coli, Bacillus cereus, Klebsiella pneumoniae, Listeria monocytogenes,
Salmonella spp., Staphylococcus aureus, Vibrio parahaemolyticus and Candida
albicans. B. rotunda methanolic extract showed antimicrobial activity against the
microorganisms tested. The ranges of MIC and MBC obtained showed that B. rotunda
extract had strong antimicrobial activity against V. parahaemolyticus, B. cereus and S.
aureus KCCM 12255 with 9.77 — 312.5 pg/ml and 9.77 — 625 pg/ml, respectively.
Meanwhile, the B. rotunda extract was least active against L. monocytogenes, Salmonella
spp. and C. albicans with MIC values range were 1250 — 5000 pg/ml and MBC/MFC
values range were 2500 - >5000 pg/ml. E. coli and K. pneumoniae showed wide range
of inhibition and bactericidal concentrations which were 19.53 — 2500 pg/ml and 39.06
— 5000 pg/ml, respectively. The time-kill curves demonstrated that B. rotunda extract
can kill the microorganisms tested with more than 3 logio (99.99%) within 0.5 to 4 hours
of incubation with bactericidal endpoints for B. cereus, V. parahaemolyticus, E. coli
ATCC 25922 and S. aureus KCCM 12255 were from 78.13 — 1250 pg/ml (2x MIC and
4x MIC), whereas the bactericidal/fungicidal endpoints for isolated E. coli O157:H7, K.
pneumoniae, L. monocytogenes, Salmonella spp. including C. albicans ATCC 14503
were from 2500 — 5000 pg/ml (2x MIC, 4x MIC, and 8x MIC). Generally, the
antimicrobial activities of B. rotunda extract were not significantly affected by pH (3, 7,
and 11) and temperatures (30°C, 50°C, 80°C and 121°C). Natural microflora in fruit and
vegetable samples also can be reduced at least by 2 logip CFU/g after treatment with
0.05% (0.5 mg/ml), 0.5% (5 mg/ml) and 5% (50 mg/ml) of B. rotunda extract. Among
these treatment solutions, the relative best combination between antimicrobial ability and
sensory acceptability can be achieved with 0.05% (0.5 mg/ml) B. rotunda extract, where
it showed a significant bacterial population reduction as well as high mean score for the
tested sensory attributes. The B. rotunda extract was found not to be toxic with LCso
more than 1.0 mg/ml. GC-MS analysis showed that the antimicrobial properties of the



extract possibly attributed by major bioactive compounds, namely camphor, geraniol,
methyl cinnamate, pinocembrin and pinostrobin chalcone. It can be concluded that B.
rotunda extract has a potential as antimicrobial agent against multi-antibiotics resistant
foodborne pathogens which deserves further investigation for development of natural
food sanitizer.
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Evolusi rintangan patogen bawaaan makanan terhadap antibiotik yang berada di pasaran
menunjukkan kepentingan pengenalpastian ejen antimikrob yang baru. Oleh itu, dalam
kajian ini, Boesenbergia rotunda (temukunci) dari keluarga Zingiberaceae telah dipilih
untuk dikaji sebagai agen antimikrob terhadap lapan spesies rujukan patogen bawaan
makanan termasuk pencilan bakteria yang rintang kepada pelbagai antibiotik, iaitu
Escherichia coli, Bacillus cereus, Klebsiella pneumoniae, Listeria monocytogenes,
Salmonella spp., Staphylococcus aureus, Vibrio parahaemolyticus dan Candida
albicans. B. rotunda yang diekstrak menggunakan metanol menunjukkan aktiviti
antimikrob terhadap mikroorganisma yang diuji. Kepekatan Minimum Perencatan (MIC)
dan Kepekatan Minimum Bakterisidal (MBC) yang diperolehi menunjukkan ekstrak B.
rotunda mempunyai aktiviti antimikrob yang kuat terhadap B. Cereus, S. aureus KCCM
12255 dan V. parahaemolyticus, dengan nilai 9.77 - 625 pg/ml dan 9.77- 312.5 pg/ml,
masing-masing. Sementara itu, ekstrak B. rotunda kurang aktif terhadap L.
monocytogenes, Salmonella spp. dan C. albicans dengan julat nilai MIC adalah 1250 -
5000 pg/ml dan julat nilai MBC/MFC adalah 2500 - >5000 pg/ml. E. coli dan K.
pneumoniae menunjukkan kepekatan perencatan and bakterisidal yang pelbagai iaitu
19.53 - 2500 pg/ml dan 39.06 - 5000 pg/ml, masing-masing. Lekuk masa pembunuhan
menunjukkan bahawa ekstrak B. rotunda boleh membunuh mikroorganisma yang diuji
dengan lebih daripada 3 logio (99.99%) dalam 0.5 - 4 jam masa pengeraman dengan titik
akhir bakterisidal untuk B. cereus, V. parahaemolyticus, E. coli ATCC 25922 dan S.
aureus KCCM 12255 adalah 78.13 - 1250 pg/ml (2x MIC dan 4x MIC), manakala titik
akhir bacterisidal/titik akhir fungisidal untuk E. coli O157:H7, K. pneumoniae, L.
monocytogenes, Salmonella spp. termasuk C. albicans ATCC 14503 adalah 2500 - 5000
ug/ml 2x MIC, 4x MIC, dan 8x MIC). Secara keseluruhannya, aktiviti antimikrobial
ekstrak B. rotunda tidak terjejas dengan ketara oleh pH (3, 7, dan 11) dan suhu (30°C,
50°C, 80°C dan 121°C). Di samping itu, mikroflora semula jadi dalam sampel buah-
buahan dan sayur-sayuran juga boleh dikurangkan sebanyak 2 logio CFU/g selepas
dirawat dengan 0.05% (0.5 mg/ml), 0.5% (5 mg/ml) dan 5% (50 mg/ml) ekstrak B.
rotunda. Di antara semua cecair rawatan, kombinasi terbaik diantara keupayaan
antimikrob dan penerimaan deria boleh dicapai dengan 0.05% (0.5 mg/ml) ekstrak B.
rotunda, di mana ia menunjukkan pengurangan ketara populasi bakteria dan skor min



yang tinggi untuk pengujian deria. Ekstrak B. rotunda didapati tidak toksik dengan LCso
lebih daripada 1.0 mg/ml. Analisis GC-MS menunjukkan bahawa ciri-ciri antimikrob
ekstrak mungkin disebabkan oleh sebatian bioaktif utama iaitu kamfor, geraniol, metil
sinamat, pinosembrin dan kalkon pinostrobin. la boleh disimpulkan bahawa ekstrak B.
rotunda mempunyai potensi sebagai ejen antimikrob melawan patogen bawaan makanan
yang rintang terhadap pelbagai antibiotik dan layak dikaji lebih lanjut untuk penghasilan
pembersih makanan semula jadi.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Foodborne illness becomes a major problem in public health around the world with more
than 76 million cases per year (WHO, 2003). Most of the foodborne illness cause by
variety of bacteria, virus and parasite. The common symptoms of foodborne illness are
nausea, vomiting, abdominal cramps and diarrhea. Although many diseases resulted in
diarrhoea as the final stage, immunocompromised individual can suffer severe and
prolonged illness which may require antimicrobial treatments. However, development of
antimicrobial resistant in foodborne pathogens can potentially lead to the limitation in
human drug treatments (White et al., 2002).

The extensive use of antimicrobials in human and veterinary medicine, agriculture and
aquaculture has led to the survival and emergence of resistant foodborne pathogens.
Huge amounts of antimicrobials are given to food producing animals in feed and water
as control and treatment of disease as well as for growth promotion purposes resulted in
high levels of resistance trait in foodborne bacteria. Currently, there is concern in food
safety to counter the rising of resistant pathogens (Koluman and Dikici, 2013).

The studies on natural antimicrobial agents from plants in recent years turn out to be
prominent because some of the available antimicrobials in the market are no longer
functioning. Being natural foodstuffs, they appeal to consumers who tend to question the
safety of synthetic chemical antimicrobial agents (Tornuk et al., 2011). Many studies
have reported that most of the medicinal plants, including spices and herbs have strong
antimicrobial compounds (Mahesh and Satish, 2008). Any part of the plant may contain
active components. For example, the roots of ginseng plants contain the active saponins
and essential oils, while eucalyptus leaves are harvested for their essential oils and
tannins (Cowan, 1999). Additionally, the phenolic compounds also have significantly
contributed to their antioxidant properties (Wu et al., 2006; Shan et al., 2005). Hence,
the present study was conducted to evaluate the antimicrobial ability of medicinal plants,
B. rotunda against multi-antibiotic resistant foodborne pathogens.

1.2 Research problems

1. Variety of antimicrobials, including antibiotics, antifungals, sanitizers, and food
preservatives that are applied during food production and manufacturing can
promote microbial resistance because microorganisms have the ability to evolve
according to environmental stressors.

2. There is an increasing interest in using natural products in food sanitation and
preservation.



1.3 Objectives

131

1.3.2

133

134

To determine the antimicrobial activity of B. rotunda extract, Minimum
Inhibitory Concentration (MIC), Minimum Bactericidal
Concentration/Minimum Fungicidal Concentration (MBC/MFC), and time-
killing curve against multi-antibiotics resistant E. coli, B. cereus, K.
pneumoniae, L. monocytogenes, Salmonella spp., S. aureus, V.
parahaemolyticus, and C. albicans.

To examine the effect of different concentration B. rotunda extract on natural
microflora in fruits and vegetables and its sensory acceptability.

To analyze the bioactive compounds in B. rotunda extract that might be
responsible to its antimicrobial activity.

To assess the toxicity effect of B. rotunda extract on brine shrimp.
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