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ABSTRACT

Objective: To identify bioactive compound in pigeon pea leaves (Cajanus cajan) that
inhibits Salmonella thypi (S. thypi).
Methods: The leaf sample was powdered and macerated with methanol and fractioned
by liquid–liquid extraction using ethyl acetate. The fraction was chromatographed and the
isolates were identified for major component with liquid chromatography-mass spec-
trometry and the antibacterial activity was tested against S. thypi by Kirby–Bauer method.
Results: Subfraction 1 from the ethyl acetate fraction formed a yellowish solid with m/z
272, identified as naringenin. The naringenin-rich fraction shows fairly well inhibitory
toward S. thypi in comparison with chloramphenicol.
Conclusions: Naringenin shows antibacterial activity and can be developed to treat
typhoid.
1. Introduction

Pigeon pea (Cajanus cajan) grows well in tropical and sub-
tropical regions such as Indonesia. This species ranked sixth in
the utilization of their products compared to other leguminous
plants [1]. The pea has countless benefits, namely as food
ingredient [2] and as an alternative protein source for people
dieters [3]. In addition, the peas were also traditionally used as
medicinal plants.

Pigeon pea is used to treat diabetes [4,5], jaundice [6],
appendicitis, fever [7], heartburn, constipation, analgesic, and to
kill parasites [8]. Compounds that have been identified from the
leaves of pigeon pea are luteolin [9], cajanus lactone, pinostrobin
chalcone, longistylin A, longstylin C [10], cajaninstilbene acid
[10,11], and pinostrobin [11–13]. Chemical and pharmacological
studies indicate a major component in pigeon pea leaves that
have potential benefits to human health are classified into two
groups, namely flavonoids and stilbene [9,12].

Besides, pigeon pea leaves were also believed to cure
typhoid. It is based on the knowledge of local people in Bone
Regency, South Sulawesi who use the leaves to treat typhoid
fever by boiling the leaves and then drink it as tea. The anti-
bacterial effects of extracts of the leaves against some patho-
genic bacteria have been tested and reported that the extract
could inhibit the proliferation of bacteria Salmonella thypi
(S. thypi) [14].

Typhoid is an infectious disease caused by Gram-negative
bacteria S. thypi [15]. The disease is still a burden for some
developing countries, particularly in areas with poor sanitation
and inadequate health facilities for early diagnosis [16]. Some
regions become the endemic area of typhoid, including South
Asia, Southeast Asia, and southern regions of Africa.
Indonesia is the third country of typhoid sufferer after Pakistan
and India [17]; typhoid disease is in the top 10 inpatients in
hospitals with 274 people died of typhoid in the last 5 years [18].
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2. Materials and methods

2.1. Sample preparation

Pigeon pea leaves were collected from Bone Regency, South
Sulawesi, in October 2015 and the specimen was verified in the
Bogoriense Herbarium Laboratory, LIPI Bogor, Indonesia, as a
leguminous Cajanus cajan (L.) Millsp. The sample was dried at
room temperature for 5 days and was pulverized to 60-mesh
size [2].

2.2. Tested bacteria

S. thypi, Staphylococcus aureus (S. aureus), and Escherichia
coli (E. coli) EPEC K1.1 used in this study were obtained from
the Microbiology Laboratory, Department of Biology and IPB
Culture Collection, Bogor Agricultural University, Indonesia.
All three bacteria are pathogenic to humans. S. aureus and
E. coli EPEC K1.1 were used as a comparison to S. thypi.
S. aureus represented Gram-positive, while E. coli EPEC K1.1
represented Gram-negative bacteria other than S. thypi.

Chloramphenicol served as positive control in inhibiting the
growth of pathogenic bacteria [19]. Chloramphenicol is a broad-
spectrum bacteriostatic that is able to inhibit Gram-negative and
Gram-positive both anaerobic and aerobic bacteria by disrupting
the protein synthesis.

2.3. Sample extraction

The sample (800 g) was macerated in methanol for 24 h
(three replications) and filtered to separate the residue from the
filtrate. The filtrate was concentrated using a rotary evaporator to
obtain a thick methanol extract. Phytochemical screening was
employed to the methanol extract [20].

2.4. Antibacterial test of the methanol extract

The methanol extracts (28.4 g) was partitioned using a
mixture of n-hexane and ethyl acetate. The n-hexane, the ethyl
acetate, and the methanol extracts were tested separately for its
bioactivity against the three pathogenic bacteria. The testing
method used was agar diffusion (Kirby–Bauer) method with
nutrient agar (NA) and nutrient broth (NB) as culture media. The
concentration of each fraction and of the positive control
(chloramphenicol) was 1 000 ppm and 100 ppm, respectively.

2.5. Flavonoid isolation

Ethyl acetate fraction that was identified as active against
bacteria was further fractionated through gravity column chro-
matography. The stationary phase used was G60 silica (Merck)
and the mobile phase was in the form of mixtures of n-hexane
Table 1

Inhibition index of fractions of the liquid–liquid extraction.

Bacteria Gram type Inhibition inde

n-Hexane Ethyl acetate Me

S. aureus Positive 10.5 18.5
S. thypi Negative – 14.0
E. coli EPEC K1.1 Negative – 8.5
and ethyl acetate in increasing polarity. The subfractions were
monitored on TLC plates using n-hexane: ethyl acetate (14: 6)
mixture. Subfractions with a similar pattern on the TLC plate
were combined and evaporated at room temperature. The com-
bined subfractions which form solids were purified.

The solids were recrystallized using n-hexane and were dis-
solved in ethyl acetate. The purity of the isolate was checked by
two-dimensional TLC. A major compound of the isolate was
identified using LC-MS spectroscopy.
2.6. Antibacterial test of subfraction of the ethyl
acetate fraction

The inhibition index of the ethyl acetate subfraction was
determined using the disc agar diffusion method (Kirby–Bauer).
The media consisted of a solid medium (NA) and a liquid me-
dium (NB). The tested bacteria was firstly inoculated into NB
and incubated for 24 h at 37 �C. A number of paper discs were
dipped into the test sample which was dissolved in dimethyl
sulfoxide (DMSO) thus obtained sample concentration in the
paper disc were 200, 400, 600, 800, and 1 000 ppm. Chloram-
phenicol as a positive control and DMSO as a negative control
each in 100 ppm was also dripped on other paper discs. Solid
medium was poured into petri dishes as the first layer and the
second layer-containing bacterial inoculant 1% (v/v) -was added
in the form of semi-solid media. The paper discs were laid on the
semi-solid layer and the petri dishes were incubated at 37 �C for
24 h and the inhibition index was calculated. Antimicrobial
activity is categorized as high sensitivity level if the diameter of
the zone inhibition is > 12 mm, moderate sensitivity level was
given if the inhibition zone diameter of about (9–12) mm.
Category level low sensitivity, when diameters ranging from 6 to
9 mm and resistant if < 6 mm (it has no inhibitory zone) [21].

3. Results

3.1. Isolation of naringenin-rich fraction

The yield of methanol crude extract from the maceration was
20.30%. The crude extract positively contains flavonoids, phe-
nolics, and steroids after phytochemical qualitative tests. Further
partitioning of the crude extract gave n-hexane fraction
(45.95%), ethyl acetate fraction (18.05%), and some residual
methanol fraction (22.43%). The ethyl acetate fraction was the
one which able to inhibit the growth of all bacteria under
observation (Table 1).

Purification of the ethyl acetate fraction was chromato-
graphed to yield 70 subfractions. The subfraction 1 formed a
yellowish solid and based on the 1-dimensional and 2-dimen-
sional elution on TLC plate exhibited 2 spots, i.e. a yellow stain
with Rf 0.8 and a bluish-green stain with Rf 0.725. Identification
of the main component of the subfraction 1 based on LC-MS
x (mm) Naringenin-rich
fraction

Chloramphenicol

thanol Chloramphenicol

8.0 15.5 12.5 22.5
8.5 14.0 11.0 22.5
– 11.0 9.5 12.0



Figure 1. Major compound identification of subfraction by LC-MS.
(A) Chromatogram of subfraction; (B) Mass spectrum of subfraction on retention time 16.492 min.
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spectra showed a compound with m/z 272 by stable fragmen-
tation at m/z 271 which is evidenced by the abundance reached
100% at a retention time of 16 min (Figure 1).

3.2. Antibacterial activity of naringenin-rich fraction

The naringenin-rich fraction was tested for its antibacterial
activity against the three bacteria using Kirby–Bauer method. In
this test, naringenin-rich fraction showed a good antibacterial
activity against all tested bacteria (Table 1). The highest inhi-
bition zone was shown by S. aureus, i.e. 11 mm. For compari-
son, the inhibition zone exhibited by chloramphenicol against
S. thypi was twice as high.

4. Discussion

In this study, the methanol extracts turn to contain phenolics,
flavonoids, and steroids. In fact, flavonoids are mostly found in
pigeon pea leaves [22]. The same authors also report that
flavonoids are well known secondary metabolite effective in
the application of some medical treatments. The ethyl acetate
fraction, which exhibited the most active toward the tested
bacteria as compared to n-hexane and the residual methanol
fractions in our observation, was also confirmed the likely
presence of flavonoids in this particular fraction [10]. A semi-
polar compound is able to inhibit the growth of bacteria for
the bacterial cell membrane is not absolutely hydrophobic nor
absolutely hydrophilic [23].

Our purified subfraction that stained the TLC plate as
yellowish-green, bluish-green, or green is likely to contain
flavonoids of flavanones types [24]. The subfraction 1 appeared
at m/z 271 was believed to be naringenin. There was also a
fragmentation pattern at m/z 177, 151, 119, 107, 93, and 83
[25]. Naringenin has been reported in the leaves pigeon pea
[26]. The new finding of our study is a proof of antibacterial
activity toward S. thypi.

Based on the results of antibacterial tests, naringenin-rich
fraction with a concentration of 1 000 ppm was positively
inhibited the bacterial growth. The inhibition was observed in
accordance with the formation of a clear zone around the paper
disc. The clear zone was formed by the active compound con-
tained in paper disc that diffuses into the agar medium con-
taining the bacteria and inhibited their growth. The bioactive
compounds inhibit the synthesis of cell wall, nucleic acid, and
protein, disturb the metabolism of bacteria or change the cell
membrane permeability [27]. In this study, we verify that pigeon
pea leaves contain naringenin, flavanones that is effective to
inhibit the growth of S. thypi, S. aureus, and E. coli EPEC
K1.1. This confirms the traditional use of the plant in the
treatment of typhoid disease.

The naringenin-rich fraction showed the highest inhibition
toward S. aureus among the three bacteria. S. aureus is a Gram-
positive that has simple cell wall structure, single-layered with
low lipid content, and enables the bioactive compounds to enter
the cells. On the other hand, S. thypi and E. coli EPEC K1.1, are
Gram-negative bacteria with more complex cells, three-layer
lipoprotein consisting of an outer layer, a middle layer of lipo-
polysaccharide which acts as a barrier to antibacterial bioactive
material, and a coat of peptidoglycan with high lipid content and
thus more difficult to be destroyed. This proves that the
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flavanones impede the bacterial proliferation by inhibiting cell
wall synthesis. Flavanones has been previously reported as
antibacterial [28,29]. In comparison, the inhibition of the
subfraction 1 is half of that of the chloramphenicol against
S. thypi. It can be presumed that the naringenin-rich fraction
has inhibitory fairly well because with a concentration of
1000 ppm, the fraction has inhibitory half of chloramphenicol
inhibition at the concentration of 100 ppm. The naringenin-rich
fraction inhibition is lower than that of chloramphenicol, as a
pure compound, with a specific inhibitory mechanism. The
fraction also has good antibacterial toward E. coli and EPEC
K1.1. This particular strain produces an extracellular protease
that degrades mucin so it can be attached to intestinal epithelial
cells and cause diarrhea in the host [30].

The conclusion is that the compound suspected to be
naringenin-a flavanone has a good antibacterial capability that
could inhibit the growth of S. thypi, S. aureus, and E. coli EPEC
K1.1, and have an indication to be able to treat typhoid.
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