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Abstract: Hibiscus sabdariffa L. has been used traditionally as food and in herbal medicine
because its calyxes are rich of flavonoids source especially quercetin and anthocyanin. In addition,
its antibacterial activity is implied to be helpful for human health even at the low concentration. In
this study, we investigated the in vitro antibacterial activity and quantified the free quercetin in
hibiscus extract using sensitive and reliable methods such as agar disk diffusion, HPTLC and LC-
MS/MS. The results indicated that crude methanol extract of hibiscus calyxes had strong
antibacterial activity. The total phenolic and flavonoid contents of hibiscus calyxes were 25.07 mg
GAE/g DW and 29.96 mg QE/g DW, respectively. From methanol hibiscus extract, quercetin was
determined by using HPTLC and LC-MS/MS methods. There was presence of quercetin aglycone
in one fraction (which showed highest antibacterial activity) at the concentration of 11.3 ng/ml.
This study provided useful information in using reliable and sensitive methods for screening
and determining antibacterial activity of free quercetin at the low concentration based on any
plant raw material.
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quercetin is mostly interested

are  polyphenol  compounds Quercetin is flavonoid that has

antioxidant [4] activity in which flavonoid

occurring in fruit and vegetables. Flavonoids
are believed to be responsible for the wide
spectrum of pharmacological activities seen in
many plants [1]. Moreover, flavonoids have
remarkable health promoting effects, such as
anti-inflammatory [2], anti-microbial [3], and
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extensively studied over many years. Quercetin
occurs naturally in plants as conjugated
glycosides, with the most common glycosides
being quercetin-3,4-O-diglucoside, quercetin-4-
O-monoglucoside and quercetin 3-
monoglucoside. Quercetin has been detected in
many fruits and vegetables in varied
concentration. For instance, the flesh of onions
contains mostly quercetin glucoside, the skin
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and outer layers of an onion have much more
quercetin aglycone [5]. Quercetin is one of the
most studied plants flavonoids and has been
reported to have antibacterial effects. For
example, Quercetin had inhibitory effects on
Streptococcus mutans with minimum inhibitory
concentration (MIC) of 2 mg/ml, Streptococcus
sobrinus with MIC of 1 mg/ml and Prevotella
intermedia with MIC 4 mg/ml [6]. Many
reports showed that quercetin at low
concentration have capacity to interact with
enzymes in vitro and also showed bioactive
properties such as antibacterial activity. At the
concentration of 0.001 ppm to 100 ppm
Quercetin-3-glucuronic can inhibit angiotensin
converting enzyme (ACE) [7]. However, there
are limited reports illustrating clearly the
methods to investigate the relation between
bioactive properties and quercetin at the low
concentration.

Hibiscus sabdariffa L., commonly named as
“roselle” is rich of flavonoid source, especially
flavonols [8]. According to Lorrainer et al., the
two most commonly found flavonoid aglycones
in Hibiscus were the flavonol quercetin and the
anthocyanin cyanidin [9]. The aim of this study
was to use simple and sensitive methods for
screening bioactive constituents/components
such as quercetin aglycone and investigating the
antibacterial activity of hibiscus calyxes extract.

2. Material and methods
2.1. Material

Tested microorganisms were provided by
the VNU-Institute of Microbiology and
Biotechnology, including Escherichia coli
(ATCC 25922), Staphylococcus aureus (ATCC
25923), Bacillus subtilis (ATCC 23857) and
Bacillus cereus (ATCC 14579).

Reagents and solvents were purchased from
well-known companies such as Folin-Ciocalteu
(SigmaAldrich), Gallic acid (BDH chemical
Ltd, England), Quercetin (National institute of
drug  quality  control),  2,2-diphenyl-1-

picrylhydrazyl (SigmaAldrich, USA). Others
solvents and reagents were of analytical grade.

2.2. Experimental methods

Ultrasound-assisted extraction

Hibiscus calyxes were purchased from a
grocery store in Laos, and classified by Nguyen
Anh Duc (Botany Department, Faculty of
Biology, VNU University of Science) based on
the visible physical characteristics of the plant
(flower, leave and seed). The dried calyxes
were grounded to powder and then stored at 4°C
until use. The hibiscus calyxes were extracted
by different solvents which have different
polarization including n-hexane, ethyl acetate,
methanol and 80% ethanol. 5 g sample and 50
ml solvent were mixed well and then was
treated with 37 kHz ultrasonic wave, power
140W for 1 hour. The extract was centrifuged at
2000 rpm in 5 minutes at room temperature.
The residue was removed by using filter. The
solvent was evaporated by a rotary evaporator
at 40 °C. The extract was kept in a freezer at 4
°C for further studies.

Quantitative analysis of total polyphenol
and flavonoid content

Methanol solution of the extract was used in
the polyphenol analysis using Folin-Ciocalteu
reagent to determine the total phenolic content
[10]. The phenols values are expressed in terms
of gallic acid equivalent. The linear equation
was y = 0.0109x + 0.036 and R? = 0.991.

The content of flavonoids in the examined
plant  extracts was determined using
spectrophotometric method at A, = 415nm and
the reagent was aluminum chloride [11]. The
calibration curve was made by preparing
quercetin solutions at different concentrations
in methanol. The linear equation was y =
0,0048x + 0,018 and R? = 0,994.

Column chromatography

The usual adsorbents employed in column
chromatography are silica, the solvents used to
separate different compounds were the mixtures
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of different solvents including (n-hexane: ethyl
acetate: methanol) with different ratio: 50:50:0,
30:70:0, 0:90:10, 0:60:40, 0:70:30.

The identity of the fractions were identified
by color. Then each fraction was screened for
antibacterial activity. Free quercetin was
detected in fraction which has remarkable
antibacterial activity by using HPTLC and LC-
MS/MS methods.

HPTLC method

Instrument: CAMAG Automatic TLC
Sampler 4 (Camag, Switzerland) with win
CATS software. Stationary phase: TLC plates
silica gel 60 F,s4 pre coated layer (20 x10
cm), thickness 0.2 mm, number of tracks: 16,
band length: 8 mm. Mobile phase: Toluene:
Ethyl acetate: Formic acid: Methanol
(5.5:3:1:0.5); Standard: Quercetin. Sample:
Fraction 3. Solubility: Methanol standard
concentration: 150 pg/ml; Standard injection
volumes (ul): 1, 2, 3, 4, 5. Sample
concentration: 160 pg/ml. Sample application
volumes (ul): 1, 2, 3, 4, 5. Development
chamber: Twin trough chamber (20x10).
Development mode: Ascending mode. Distance
run: 75 mm. Scanning wavelength: 386 nm.
Lamp: D2SIlit dimensions 4.0x0.3mm, Micro
measurement mode: absorbance.

LC-MS/MS method

Apparatus and chromatograph system: The
mobile phase consists of Methanol and 0.1%
(v/v) formic acid. The flow rate and infection
volume were set at 300 pl/min and 30 pl,
respectively. The optimum interface conditions
were: interface temperature of 500 °C;
delclustering potential of -60V; entrance
potential of -12V; collision energy at -28V; and
collision exit potential -16V.

Determining bioactive properties of extract
by agar disk diffusion and DPPH methods

Agar disk diffusion method (Kirby-Bauer
antibiotic testing) was used to identify the
antimicrobial activity of different extracts. The
concentration of tested microorganisms was
determined by using the ODgy ,n value (the

value between 0.08-0.1 is appropriate with 10°
CFU/ml). 50 pl of each extracts were injected
into the well and plates were firstly kept at
room temperature for 2 hours to allow the
diffusion of any produced antimicrobial. All
plates were incubated at 37 °C. Each
experiment was performed in triplicates.
Antimicrobial activity was determined by
measuring the diameter of antibacterial zone:
Without activity when diameter of antibacterial
zone <10 mm; Weak activity when diameter of
antibacterial zone of 10-12 mm; Moderate
activity when diameter of antibacterial zone of
13-15 mm and high activity when diameter of
antibacterial zone > 15 mm. Positive control
was Ampicillin with different concentrations
for different tested microorganisms (1.25 pg/ml
for B. cereus, B. subtilis, and S. aureus, 10
pg/ml for E. coli). Negative control is
methanol [12].

3. Results and Discussion

3.1. Bioactive properties and quantitative
phenolic compounds of hibiscus extract

The antimicrobial activity of the extract was
investigated using the disk diffusion method.
Methanol was used as control in order to
analyze the effect of this solvent on microbial
growth, while ampicillin was used as the
referent sample. Based on the obtained results
(table 1), it can be seen that hibiscus methanol
extract at the concentration of 1 mg/ml had the
remarkable antimicrobial activity on S. aureus,
B. cereus and B. subtilis strains. All tested
microorganism remained resistant to the effect
of methanol solvent.

The total phenolic and flavonoid content of
Hibiscus sabdariffa calyxes were 25.07 mg
GAE/g DW and 2996 mg QE/g DW,
respectively. In 2014 research of Daniele ef al.
showed that on experimental conditions, total
polyphenol content from Hibiscus ranged
from 4.60 mg GAE/g DW to 50.12 mg
GAE/g DW [13].
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Table 1. Antibacterial activity of methanol hibiscus extract

Agar disk -diffusion method

Tested organisms

Hibiscus extract  Ampicillin - Methanol Quercetin
E.coli ++ ++ - +
S.aureus +++ ++ - +++
B.cereus +++ ++ - +++
B.subtilis +++ ++ - +++

Without activity (-), Weak activity (+), Moderate activity (++), High activity (+++)

The antibacterial activity of the Hibiscus
extract may be attributed from @ its
phytochemical compounds especially those of
phenolic compounds such as quercetin.
Therefore, we used column chromatography,
HPTLC and LC-MS/MS, to detect and quantify
quercetin in hibiscus extract.

3.2.  Column chromatography result and
quercetin detection by HPTLC method

column
fractions (5

After separating by
chromatography, 100 small

ml/fraction) were collected. We separated them
by their color and there were 5 fractions
collected, namely F.1  (colorless), F2
(colorless), F.3 (orange — yellow), F.4 (pink),
F.5 (purple). Then the solvent was removed by
rotary evaporation.

The antibacterial activity of these fractions
were determined by using agar disk — diffusion
method. Quercetin-containing fractions were
detected by using HPTLC methods.

Table 2. Antibacterial activity of different fractions of Hibiscus extract

The detection

Test Agar disk - diffusion method by HPTLC method
samples -
E.coli S.aure B.cere B.subtil Quercetin
F.I - - - : ND
F.2 - - - - ND
F.3 s s +++ D
Fd4 - + - + ND
F.5 - - + ND
Ampicill ++ ++ ++ ++
Methano - - - -

Non-detected (ND), detected (D),

Without activity (-), Weak activity (+), Moderate activity (++), High activity (+++)

From the Table 2, fraction 3 had the highest
antimicrobial  activity on  all  tested
microorganisms. In contrast, fraction 1-2 did
not show the antimicrobial activity. Both
fraction number 4 and 5 could inhibit the
growth of 2 strains S. aureus and B. subtilis and
had weak activity with other bacteria strains.

Quercetin  containing fractions  were
detected by using HPTLC method. Five
different concentrations of quercetin (150-750
pg/ml) were prepared as standard. There was
good correlation between peak area, height and
the corresponding concentration of quercetin
with line equation was y = -29.642 + 0.645x,
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R’= 0.9995. The standard quercetin has R
value of 0.49. This result indicated that HPTLC
is a reliable method to detect bioactive
compounds such as quercetin. Only fraction 3
had compounds which had the same R; as
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quercetin, however, 2 peaks were observed
(Figure 1). Therefore, we used LC-MS/MS
method to quantitative free quercetin in this
fraction.
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Figure 1. Chromatogram of fraction 3(left side) and standard quercetin (right side)

3.3. Quantitative analysis of quercetin by using
LC-MS/MS methods

From quercetin detection result, quercetin
was investigated by using LC-MS/MS method.
The quantification of analysis was performed
by negative ionization mode of LC-MS/MS for
high sensitivity and selectivity of data. The
selected reaction monitoring pair monitored the
ion transition of QI1:Q3 m/z 301.1/150.9 for
quercetin. Finally, the quercetin in fraction 3
was estimated at the concentration of 11.3
ng/ml.

4. Conclusion

The methanol extract of Hibiscus sabdariffa
calyxes had strong antibacterial activity. The
total phenolic and flavonoid content of calyxes
were 25.07 mg GAE/g DW and 29.96 mg QE/g
DW, respectively. By column chromatography,
5 fractions were separated, and fraction 3 had
the highest antimicrobial activity on all tested
microorganisms and contained free quercetin
with concentration of 11.3 ng/ml.
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flavonoid concentration and antioxidant activity

Nghién ctru tdc dung khang khuan in vitro cta dich chiét
chtra Quercetin tir dai hoa bup giam (Hibiscus sabdariffa L.)

D0 Thi Hai Anh', L& Huy Hoang'?,
Kitsamone Shihavong', Nguyén Thédi Uy', Nguyén Quang Huy'

'Khoa Sinh hoc, Truong Pai hoc Khoa hoc Ty nhién, DHQGHN, 334 NguyéNn Trdi, Ha Noi, Viét nam
2Vién Cong nghé moi,Vién Khoa hoc va Cong nghé Quan sy, 17 Hoang Sam, Cau Gidy, Ha Noi

Tém tit: Hibiscus sabdariffa L. (Bup gidm) di va dang duoc sir dung rong rii trong doi sdng
thuong ngay nhu mot loai thyc phdm gidu dinh dudng, ciing nhu trong dong y vi la nguon giau
flavonoid dac biét 1a quercetin va anthocyanin. Hon nita, hoat tinh khéng khuén ctia Byp gidm duge
cho 1a hitu ich d6i véi sirc khoe con nguoi ké ca ¢ nong d¢ thap. Nghién ctru cuia chiing toi dugc tién
hanh nham danh gi4 hoat tinh khang khuan in vitro va dinh lwong ham luong quercetin ty do trong
dich chiét cua dai hoa bup gi?im su dung cdc phuong phép nghién ciru ¢6 d6 nhay va do tin cy cao
nhu khuéch tin dia thach, sac ky 16p mong hiéu nang cao (HPTLC), sic ky long hai 1an khbi phd
(LC/MS-MS). Két qua nghién ctru cho thdy dich chiét dai hoa byup gidm trong methanol c6 hoat tinh
khang céc vi sinh vat kiém dinh t5t nhat. Ham luong phenolic va flavonoid téng s c6 trong dich chiét
dat tuong ung 1a 25,07 mg GAE/g DW va 29,96 mg QE/g DW. Ham lugng quercetin dugc xac dinh tur
dich chiét bang methanol sir dung phuong phdp HPTLC va LC/MS-MS. Két qua cho thiy quercetin c6
mit & mot phan doan (phan doan nay c6 hoat tinh khang khuan cao nhit) véi ham luong dat 11,3
ng/ml. Két qua nay da budc dau dong gop dir liéu vao viéc chon loc cdc phuong phép c6 d6 nhay cao
trong sang loc hoat tinh khang khuan ciia quercetin ty do v6i ham lugng thap tir nguyén liu thyc vat.

Tir khéa: Quercetin, Hibiscus sabdariffa L, khang khuan, HPTLC (sic ky 16p mong hiéu ning cao).



