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Abstract
Cyperus rotundus (Family Cyperaceae) is used as a natural drug with low cost by different local tribes in
the Middle East. In this study, the antioxidant and antimicrobial activity of the fermented C. rotundus
extract was determined using different assays including DPPH and FRAP, and antibacterial activity.
The 1H-NMR analysis was carried out for the profiling of bioactive metabolites in the fermented C.
rotundus extract. The results demonstrated strong antioxidant activity for DPPH (49.08 µg/mL) and
for FRAP (46.95 mmol Fe (II)/g). The 1H-NMR–based metabolomics analysis showed the presence of
19 metabolites including lactic acid, alanine, acetic acid, succinic acid, pyruvic acid, citric acid, choline,
beta glucose, betaine, acetoacetate, caffeine, lysine, ascorbic acid, fructose, xylose, alpha Glucose,
sucrose, anserine and fumaric acid. The identified metabolites were in correlation to the antioxidant and
antimicrobial activity measured. This study indicated the high potential of the C. rotundus fermented
extract for natural remedy applications.
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Introduction
There is an increasing trend in the use
of traditional remedies for the basic health care
worldwide. It is widely used against drug-resistant
bacteria in medicine, where it is considered one
of the most important reasons for unsuccessful
treatment in infectious diseases. Medicinal
plants are the main sources of new drugs and
may substitute for regular medicines1. Moreover,
medicinal plants are getting much acceptance
as antioxidant agents, to enhance physical
performance of the human body via preventing
excessive formation of free radicals (oxidative
stress)1,2.
Cyperus rotundus L. (family: Cyperaceae)
is regarded as a traditionally medicinal herb that has
been used for treating numerous clinical ailments
such as diarrhea, diabetes, inflammation, malaria,
and belly and bowel disorders. Phytochemical and
pharmacological research printed that C. rotundus
includes an excessive concentration of vital oils,
ascorbic acids, phenolic acids, and flavonoids
demonstrating its antibacterial, antioxidant, antiinflammatory, anti-cancerous, and antimalarial4.
Nuclear magnetic resonance (NMR)
considered the most advanced technique for
the profiling and identifying the metabolites in
complex matrices such as plant extracts. The
technique is broadly used due to its ease in
pattern instruction and the outcomes received are
reproducible5. The NMR technique in combination
with multivariate statistics evaluation (MVA) has
been employed appreciably in recent studies
for metabolites profiling for the discrimination
of samples of same origin subjected to different
processes6. Therefore, this study objective was
to determine the antibacterial and antioxidant
activities of C. rotundus L Fermented by lactic acid
bacteria. Moreover, the metabolites in charge
for the antibacterial and antioxidant activities
of C. rotundus were identify by using 1H-NMR
spectroscopy.

with glycerol (60% v/v). L, plantarum was growing
in 30 mL MRS and incubated at 37°C for 48 h to be
activated, and the inoculum was adjusted to 10%
(v/v) used for C. rotundus fermentation.
Preparation of Cyperus rotundus
C. Rotundus were bought from Alkadhemia
city, Baghdad. The tubers were washed with water,
air dried and cut into strips. A quantity of 300 g
Cyperus rotundus and 1000 mL water were mixed
and the mixture blended using home blander. The
mixture was then filtered using a cotton cloth filter,
autoclaved at 121°C for 30 min.
Fermentation process
The initial pH of the mixture from
Section 100 mL was inoculated with 10% (v/v) of
L. plantarum and incubated at 37°C for 48 h. The
cells counts and pH values were determined after
48 h of fermentation. Non-fermented samples
were subjected to same conditions but without
starter culture.
Antioxidant Activity of Fermented Cyperus
rotundus
DPPH Assay
The Radical Scavenging Activity (DPPH)
determines how potent the antioxidant capacity of
the fermented mixture8. The assay was performed
based on the method from previous study using
2, 2-diphenyl-1-picrylhydrazyl radicals9. Briefly,
in 96 wells plate, 0. 25 mL of C. rotundus extract
was mixed with 1. 75 mL DPPH solution that was
prepared by diluting DPPH in methanol. The plate
was incubated in dark place at room temperature
for 30 min and absorption was taken at 515 nm
using microtiter plate reader (Biotek, EL 800) and
DPPH percentage was calculated as the following:
% DPPH = [(control 515 - sample 515) /
control 515] *100
FRAP Assay
Ferric reducing antioxidant power (FRAP)
assay is a method used to estimate the antioxidant
capacity of the fermented mixture that count
on reducing the ferric-tripyridyltriazine10. FRAP
reagent was prepared by mixing 2, 4, 6-tripyridyls-triazine (TPTZ) and FeCl3 solutions in (pH 3. 6)
buffer acetic acid at the ratio of 1: 1: 10 (v / v / v).
In 96 microtiter plate, 20µL sample was mixed with
FRAP reagent (200µL) and incubated for 30 min at
room temperature. The absorbance was measured
at 593 nm and the calculations were determined

Material and methods
Microorganisms and culture conditions
Lactobacillus plantarum R12 obtained
from Faculty of Food Science and Technology,
University Putra Malaysia (UPM). The strain was
maintained at -80°C in MRS broth supplemented
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using different concentrations from 0. 1 to 1 mM
of ferrous sulfate as standard, and expressed as
mmol Fe (II) / g DW.
Antibacterial Activity of Fermented Cyperus
rotundus
The antibacterial activity of the fermented
mixture was determined in following the method
described by Aween et al.,11. The fermented mixture
was tested against Pseudomonas aeruginosa
ATCC10415, Bacillus subtilis ATCC11778 and
Escherichia coli ATCC11229. Fermented mixture
100 µL was added to the wells and 100 µL nutrient
broth containing 106 of each selected pathogens.
The control was nutrient broth with the pathogenic

bacteria only. The plates were incubated at 37°C
for 24 h and the growth inhibition was measured
at 600 nm by using microtiter plate reader. The
antibacterial activity was calculated by subtracting
the 0 h readings from the 24 h readings, then using
the following mathematical equation.

H-NMR metabolomics analysis
The method used for the extraction
was adopted from Abas et al., (2013)12. Ten mg
of the fermented and samples were mixed with
1

Fig. 1. DPPH radical scavenging activity of the fermented and normal Cyperus rotundus extract Mean of different
letters are significantly different at p < 0.05

Fig. 2. FRAP ferric reducing antioxidant power of the fermented and normal Cyperus rotundus extract Mean of with
the same letters are not significantly different at p > 0.05
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Statistical analysis
MINITAB version 16 was used to analysis
the Data. Statistical measures were used to
evaluate the results of these samples and their
controls, where one-way analysis of variance
(ANOVA). The multivariate analysis was done using
SIMCA-P software (Umetrics, Sweden).

CH3OH-d4 (0. 375 mL) and KH2PO4 buffer (0.
375 mL) in D2O (pH 6) containing 0. 1 % TSP as
standard. The mixed samples were subjected to
sonication for 15 min at 30°C. The samples were
centrifuged at 13,000 rpm for 5 min and 600µL
transferred into NMR tubes13. The NMR works on
the INOVA 500 MHz variable spectrometer and at
499. 887 MHz at room temperature 26°C with 64
scans were done on every sample and verified, the
acquisition time was 193 s, 3. 75µL pulse width
and 1. 0 sec relaxation delay. Each sample was
measurement was repeated six times. The residual
water region (δ 4. 70 to 4. 96) and methanol region
(δ 3. 28 to 3. 33) were excepted from the analysis.

Results and discussion
DPPH Assay
Antioxidant helps to prevent, inhibit or
delay oxidation in oxidizable resources and thus
reduce oxidative stress and helps in free radicals
scavenging 14. The principle of the method is

Fig. 3. 1H-NMR full spectra of δ 1.0 to 8.0 ppm. (A) The fermented. (B) The non-fermented C. rotundus extract
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based on the ability of an antioxidant compound
to scavenge DPPH free radicals produced in the
reaction mixture. The DPPH of the fermented C.
rotundus extract is shown in Fig. 1. Fermented C.

rotundus showed very high antioxidant activity
in comparison to the non-fermented extract.
The antioxidant activity of the fermented C.
rotundus extract was very high as indicated

Fig. 4. 1H-NMR spectra of the fermented Cyperus rotundus extract. (A) Spectra of δ 1.0 to 3.0 ppm. (B) Spectra of
δ 3.0 to 6.0 ppm. (C) Spectra of δ 6.0 to 8.0 ppm
Identified 1H-NMR signals; (1) Lactic acid, (2) Alanine, (3) Acetic acid, (4) Succinic acid, (5) Pyruvic acid, (6) citric
acid, (7) Choline, (8) Beta Glucose, (9) Betaine, (10) Acetoacetate, (11) Caffeine, (12) Lysine, (13) Ascorbic acid, (14)
Fructose, (15) Xylose, (16) Alpha Glucose, (17) Sucrose, (18) Anserine and (19) Fumaric acid
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by the inhibition values (26. 109µg/mL), while
non-fermented extract demonstrated the lowest
antioxidant activity (15. 069µg/mL). It is indicated
that the fermentation with L. plantarum improved
the antioxidant activity in comparison to nonfermented extract. According to15. The results
are in line with previous reports that showed the
antioxidant activity of C. rotundus L. in water and
ethanol extract16.
FRAP Assay
Another antioxidant method used test
the antioxidant capacity of compound is FRAP
assay that relay on the reduction of Fe3+ to Fe2+
17
. The FRAP antioxidant assay a popular method
for analysing the antioxidant strength of samples
in comparison to other methods18. The stronger
antioxidant effects of the substance used show
High FRAP values19. The correlation between FRAP
and DPPH activities has been reported in several
previous studies20. The FRAP values for the C.
rotundus extracts were in the range of 26. 95 to
10. 19 mmol Fe (II)/g DW (Fig. 2). The highest rate
for FRAP observed was 26. 95 mmol Fe (II)/g DW in
the fermented C. rotundus extract while the lowest
was for non-fermented C. rotundus extract.
Antibacterial activity
Antibacterial activity of C. rotundus
extract is well known by the great numbers of
studies carried out previously, However, there is no
data available about the antibacterial activity of C.
rotundus fermented with L. plantarum. This study
is the first to consider the potential of fermented
C. rotundus for natural remedy to inhibit the
infections caused by pathogenic bacteria. The
antibacterial activity of the fermented C. rotundus
was very high in comparison to the non-fermented
extract (Table 1). The fermentation process has
significantly increased the antibacterial activity
against the selected pathogens. The inhibition

percentage of fermented C. rotundus extract was
85. 50±0. 12, 92. 32±0. 20, and 83. 58±0. 24 for P.
aeruginosa, B. subtilis and E. coli, respectively. The
non-fermented extract showed low antibacterial
activity at 57. 17±0. 07, 69. 80±0. 48, and 40.
72±0. 11 against P. aeruginosa, B. subtilis and E.
coli, respectively. In previous study, fermentation
of the plant-based materials demonstrated
increased antibacterial activity due to the bioactive
compounds generated by the starter culture
applied21,22. The results of this study are in line
with the previous findings reported for plantbased extracts fermented by lactic acid bacteria.
Fermentation with L. plantarum increased the
antibacterial activity to 1 fold in comparison to
the non-fermented extract.
Metabolites identification by 1H-NMR spectra
Many studies indicated that C. rotundus
possesses frequent health benefits official to its
different biological activities. However, there has
been restricted information on the metabolites
profile of the C. rotundus extracts. As such, in this
study, metabolomics profiling for antibacterial and
antioxidant activity in the fermented C. rotundus
was performed. A combination of utilizing the
one-dimensional (1D) NMR spectra compared
Table 2. Assignments of 1H-NMR spectral signals
attained from the fermented Cyperus rotundus extract

Table 1. Antibacterial activity of fermented and nonfermented Cyperus rotundus extract
Pathogenic
bacteria

Antibacterial
activity
(fermented)

Antibacterial
activity
(non-fermented)

P. aeruginosa
B. subtilis
E. coli

85.50±0.12a
92.32±0.20a
83.58±0.24a

57.17±0.07b
69.80±0.48b
40.72±0.11b
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No.

Compound

Chemical shift

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Lactic acid
Alanine
Acetic acid
Succinic acid
Pyruvic acid
Citric acid
Choline
Beta glucose
Betaine
Acetoacetate
Caffeine
Lysine
Ascorbic acid
Fructose
Xylose
Alpha glucose
Sucrose
Anserine
Fumaric acid

δ 1.31 (d, J = 6.5 Hz)
δ 1.46 (d, J= 7.14 Hz)
δ 1.91(s)
δ 2.38 (s)
δ 2.41 (s)
δ 2.55 (d, J=3.113 Hz)
δ 3.186 (s)
δ 3.22 (m)
δ 3.30 (s)
δ 3.44 (s)
δ 3.53 (s)
δ 3.74 (t, J = 6.09 Hz)
δ 4.01(m)
δ 4.06 (d, J = 12.88 Hz)
δ 4.59 (d, J =7.9Hz)
δ 5.18 (d, J = 3.76 Hz)
δ 5.41 (d, J = 3.81 Hz)
δ 8.16 (s)
δ 8.44 (s)
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Conclusion
In conclusion the fermented C. rotundus
extract demonstrated high antioxidant and
antibacterial activity in comparison to the nonfermented samples. 1 H-NMR metabolomics
profiling indicated the presence of 19 bioactive
compounds in fermented C. rotundus extract and
the metabolites responsible as for antioxidant and
antimicrobial activity. The identified metabolites
including sugar and amino acids, and their
biological activity demonstrated high potential for
commercial applications for fermented C. rotundus
as natural remedy. The results indicated the
fermentation using L. plantarum can enhance the
antioxidant activity and antimicrobial activity of C.
rotundus extract. Further study is recommended
to determine the mechanism of the antimicrobial
activity of the fermented extract.

with the sample under similar test conditions
previously reported. Fig. 1 show representative
spectra from the fermented and non-fermented
C. rotundus extract. Full spectra in figure 3A and B
showed the chemical shifts from 1 to 8 ppm of the
fermented and non-fermented C. rotundus extract.
The 1H-NMR spectra showed minor differences
between the normal and fermented C. rotundus
extract. However, the relative amount of lactate at
δ 1. 31 (d, J = 6. 5 Hz) increased and the peaks in the
sugar region declined for the fermented samples.
Fermentation by lactic acid bacteria utilize the
sugars such as sucrose, glucose, and fructose and
converted to lactic acid23.
Fig. 4 showed the NMR spectra in the
range from 1 to 3 ppm that contain amino acid
region (Fig. 4A), 3 to 6 ppm sugar region (Fig.
4B) and 6 to 8 ppm aromatic region (Fig. 3C),
respectively. Different groups were found in
the samples including phenolic compounds,
carbohydrates, organic acids, and amino acids.
The major compounds in the fermented C.
rotundus extract were glucose, fructose, xylose,
sucrose, acetoacetate, alanine, betaine, choline,
lysine, lactic acid, acetic, succinic, pyruvic, citric,
ascorbic, fumaric acids, and anserine. The 1H-NMR
spectra for the fermented C. rotundus extract were
compared with those found in previous studies,
19 metabolites were identified24. The metabolites
had been identified by comparing to the chemical
shifts spectra at Chenomx database. Table 2
summarizes the identified bioactive metabolites,
which consist of amino acids, organic acids, and
several secondary metabolites. The protons of
lactic acid, acetic acid, citric acid, pyruvic acid and
ascorbic acid were observed at δ 1. 31 (d, J = 6.
5 Hz), δ 1. 91(s), δ 2. 55 (d, J=3. 113 Hz), δ 2. 41
(s), and δ 4. 01(m) respectively. However, sugar
region were difficult to determine as it contains
overlapped signals that can make the identification
very complicated process25. Moreover, lactic acid,
acetic acid, citric acid, pyruvic acid and ascorbic
acid concentrations were observed to be increased
in the fermented extract due to the activity of lactic
acid bacteria while the concentrations of sugar
decreased. In previous study, fermented plant
extracts exhibited higher free radical scavenging
activities, due to high phenolic compounds and
avonoids content compared to non-fermented
samples23.
Journal of Pure and Applied Microbiology
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