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Abstract
Natural plant products are becoming more and more essential in helping to promote safe
well-being worldwide. This leads to a substantial rise in the consumption of various herbal
teas. The presence of beneficial bioactive ingredients such as flavonoids may be correlated
with Napier grass herbal tea having health benefits associated with their intake. Studies
have shown that herbal teas have preferentially high antioxidant activity due to the
presence of flavonoids in them. The purpose of this study was to identify the Napier grass
herbal teas flavonoids prepared under different conditions. Napier grass herbal teas have
been formulated using green tea and black tea processes, respectively. The tea samples
were extracted in water (95°C, 30 mins) and 60% (v/v) aqueous methanol (30 mins),
respectively. Approximately, 1% (v/v) aqueous acetic acid solution (solvent A) and
acetonitrile (solvent B) were used as the mobile phase. The flow rate was adjusted to 0.7
mL/min, the column was thermostatically controlled at 28°C, and the injection column
was kept at 20 μL. HPLC chromatograms were detected using a photodiode array UV
detector at 272 nm. Gallic acid, P-coumaric acid, catechin, epigallocatechin gallate,
quercetin, rutin, myricetin and kaempferol were found in both Napier grass water and
methanolic extracts, respectively. The findings suggested that the HPLC techniques are
ideal for the detection and identification of flavonoids in Napier grass teas.

1. Introduction
Tea is commonly recognized to contain a vast
variety of biologically active compounds, such as
polyphenols, vitamins, proteins, organic acids, sugars
and glycosides, among others (Pan et al., 2003; Kim et
al., 2013; Chong et al., 2020). On the other hand, green
tea has been recorded for decades, as it contains
beneficially active compounds that can combat
degenerative diseases (Demeule et al., 2002). Green tea
is described as fresh or dried unfermented leaves and is
commonly produced with very early shoots, which are
almost white in colour and much sought after (Chacko et
al., 2010). Napier grass (Pennisetum purpureum), an
underutilized plant found in Malaysia which is a large
and rapidly growing perennial plant native to Africa and
found throughout the world's wet tropics (Reddy, 2017).
Several studies have shown that young leaves or tender
shoots of Napier grass are potential sources of dietary
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protein, minerals, vitamins and antioxidants (Akah and
Ani, 2014; Akah and Onweluzo, 2014; Ukpabi et al.,
2015) that may be ideal for herbal tea. Although it is
edible, knowledge on the chemical properties of Napier
grass is minimal. Therefore, the research to investigate
and classify flavonoids in Napier grass herbal is crucial.
The health benefits ascribed to the consumption of
herbal teas may be related to the high content of
bioactive ingredients such as flavonoids. Flavonoids are
secondary plant metabolites, which can be classified into
six subclasses of flavonoids, flavonols, flavanols,
isoflavones and anthocyanidins based on their distinction
in the heterocyclic C-ring (Hollman, 2004). These
compounds have been reported having antioxidant,
antiviral and anti-inflammatory activities (Frankel and
Finley, 2008). They also showed more potent
antioxidative activity than butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT) and dl-α-
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tocopherol.
HPLC methods became remarkably accepted since
HPLC offers the benefits of simultaneous separation and
quantification of flavonoid compounds under analysis
without the requirement for a preliminary conversion
(Kumar, 2017). Qualitative analysis that creates a
‘fingerprint’ chromatography gathered under ordinary
conditions can be valuable for phytochemical quality
control. Stefova et al. (2003) mentioned that reversedphase HPLC had been used for plant flavonoids analysis
on a variety of occasions, for instance, the content of
flavonoids in Napier grass water extract was identified
using HPLC by Yu et al. (2007). Likewise, it had been
regularly employed in the identification of the phenolic
compounds in teas such as green tea (Cheong et al.,
2005), oolong tea (Theppakorn et al., 2014) and Mate tea
(Bojić et al., 2013). The purpose of this research was,
therefore, to identify and quantify some individual
flavonoids from Napier grass herbal tea.
2. Materials and methods
2.1 Preparation of Napier grass water extracts
2.2.1 Fresh Napier grass sample
Fresh Napier grass was harvested from Kuala
Berang, Terengganu. Only the 4-month-old leaves were
collected. The leaves were brushed with tap water and
then rubbed away with paper towels to remove water.
Prior to the analysis, the leaves were permitted to dry at
room temperature (25±1°C) for 10 mins. The analysis
was carried out in triplicate.
Infusion of fresh Napier grass was used as a control
in all experiments. Five grams of fresh Napier grass was
ground using a waring blender (Waring Commercial,
Torrington. CT, USA). Then, it was infused in 200 mL
of distilled water (95°C) and continuously stirred for 2
mins using a magnetic stirrer (Ng et al., 2020). The
infusion was left to cool for 30 mins of infusion time
before filtered through 0.45 μm PVDF-syringe filter
(Thermo Scientific, Massachusetts, USA).
2.1.2 Napier grass tea samples
Control of Napier grass tea was prepared by drying
50 g of cut Napier grass (0.5 cm) at 50°C for 7 hrs.
Napier grass green tea was developed by steaming 50 g
of the cut Napier grass (0.5 cm) for 8 mins. The sample
was then placed into a plastic bag and soaked in icy cold
water for 30 s to stop the cooking process. Then, the
sample was dried at the determined optimum
temperature (50°C) for 7 hrs (< 6% moisture content)
(Carloni et al., 2013; Lusia Barek et al., 2015 with
modifications). For the preparation of Napier grass black
eISSN: 2550-2166

tea, cleaned fresh Napier grass was subjected to a
withering process at 30°C for 30 mins until 70%
moisture content was obtained. A total of 50 g cut Napier
grass (0.5 cm) was sprinkled with distilled water in 1:1
(w/v) ratio before undergoing the oxidation-fermentation
process for 9 hrs at 25°C. Then, the sample was dried at
the determined optimum temperature (50°C) for 7 hrs (<
6% moisture content) (Ma et al., 2014; Lusia Barek et
al., 2015 with modifications). Then, all the dried Napier
grass samples were ground and sieved through a 1 mm
metal sieve. Powdered Napier grass tea (0.1 g) was
infused in 10 mL distilled water (95°C) and continuously
stirred for 2 mins using a magnetic stirrer. The infusion
was left to cool for 30 mins of infusion time before
filtered through 0.45 μm PVDF-syringe filter (Thermo
Scientific, Massachusetts, USA).
2.2 Preparation of Napier grass methanolic extracts
2.2.1 Fresh Napier grass sample
Fresh Napier grass of 5 g was ground using a waring
blender (Waring Commercial, Torrington. CT, USA).
Then it was infused in 200 mL 60% (v/v) aqueous
methanol and continuously stirred for 2 mins using a
magnetic stirrer. The infusion was left for 30 mins of
infusion time before filtered through 0.45 μm PVDFsyringe filter (Thermo Scientific, Massachusetts, USA).
2.2.2 Napier grass tea samples
The Napier grass tea control was prepared by drying
50 g of cut Napier grass (0.5 cm) at 50°C for 7 hrs.
Napier grass green tea was prepared by steaming 50 g of
the cut Napier grass (0.5 cm) for 8 mins. The sample was
then placed into a plastic bag and soaked in icy cold
water for 30 s to stop the cooking process. Then, the
sample was dried at the determined optimum
temperature (50°C) for 7 hrs (< 6% moisture content)
(Carloni et al., 2013 with modifications).
Cleaned fresh Napier grass for Napier grass black tea
was subjected to a 30°C withering process for 30 mins
until a 70% moisture content was obtained.
Approximately, 50 g of cut Napier grass (0.5 cm) was
sprinkled with distilled water in a ratio of 1:1 (w/v)
before undergoing room temperature oxidationfermentation for 9 hrs. The sample was then dried at the
specified optimum temperature (50°C) for 7 hrs (< 6%
humidity) (Hafezi et al., 2006). All the dried samples of
Napier grass were then ground and sewn through a 1 mm
metal sieve. Powdered Napier grass tea (0.1 g) was
infused with aqueous methanol in 10 mL 60% (v/v) and
continuously stirred for 2 mins with a magnetic stirrer.
The infusion was left for 30 mins of infusion before
filtering through a PVDF filter of 0.45 μm (Thermo
Scientific, Massachusetts, USA).
© 2020 The Authors. Published by Rynnye Lyan Resources
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2.3 Preparation of standard solutions

2.4 Chromatographic analysis of phenolic acids and
flavonoids of Napier grass extracts
Chromatographic analysis of phenolic acids and
flavonoids were carried out using a modified method of
Mohd Zainol et al. (2009) and Seal (2016).
Approximately, 1% (v/v) aqueous acetic acid solution
(solvent A) and acetonitrile (solvent B) were used as the
mobile phase. The flow rate was adjusted to 0.7 mL/min,
the column was thermostatically controlled at 28°C, and
the injection column was kept at 20 μL. Gradient elution
was performed by varying the proportion of solvent B to
solvent A. The gradient elution was then changed from
10% to 63% B in a linear fashion for 11 mins, 63% was
maintained for 10 mins. The elution was increased to
90% in 26 mins. The composition back to the initial
condition (solvent B: solvent A: 10: 90) was achieved in
31 min and allowed to run for another 5 mins before the
injection of the next sample. Total analysis time per
sample was 36 mins. HPLC chromatograms were
detected using a photodiode array UV detector at 272
nm.
HPLC analyses were performed with Shimadzu
Prominence (Kyoto, Japan) high-performance liquid
chromatography (HPLC) comprising a degassing unit
(DGU-20A5R),
LC-20AT
pumps,
SIL-20AHT
autosamplers, CBM-20A controller, SPD-20A UV-Vis
detectors, RF-20A fluorescence detectors and CTO10AS VP column oven. Reverse-phase separations were
carried out using a Hypersil Gold C18 column (250 x 4.6
mm I.D, 5 μm) (Thermo Scientific, Massachusetts,
USA).
2.5 Statistical analysis
Data were expressed as means±standard deviation
(SD) of triplicates analysis. All data were submitted to
eISSN: 2550-2166

one-way analysis of variance (ANOVA) using SPSS
(version 20) software. The values were considered to be
significantly different when P<0.05. Comparisons of
means were carried out using Fisher LSD, and the data
were presented in the form of mean±standard deviation
(Mamat et al., 2018).
3. Results and discussion
3.1 High-performance liquid chromatography (HPLC)
condition
Figure 1 shows the chromatogram of the phenolic
acid and flavonoid standard mixture recorded at 272 nm.
In order to efficiently separate the compounds within a
shorter analysis time, compositions of mobile phase A
(1% acetic acid) and B (100% acetonitrile), flow rate and
pH of acidified deionized water were utilized. The
resolution and analysis time were improved by adjusting
the elution program until a satisfactory result was
achieved. The study also found that the combination of
gradient and isocratic elution gave a better result. Most
of the flavonoids were eluted out within 11 to 21 mins
with 63% acetonitrile. The total analysis time for each
sample was 36 mins. Chromatograms of 8 standards of
phenolic compounds, namely gallic acid (4.78 mins),
catechin (10.09 mins), epigallocatechin gallate (11.32
mins), rutin (12.07 mins), P-coumaric acid (12.86 mins),
myricetin (14.16 mins), quercetin (15.58 mins) and
kaempferol (16.88 mins) were detected. They were
successfully eluted at different retention times by the
combination of gradient and isocratic elution using 1%
(v/v) acetic acid and acetonitrile as mobile phase. The
targeted phenolic compounds in this study can be
classified into phenolic acids (gallic acid and P-coumaric
acid), flavan-3-ols (catechin and epigallocatechin
gallate), flavonols (rutin, myricetin, quercetin and
kaempferol).

Figure 1. Chromatogram of phenolic acid and flavonoid
standard mixture

Several dilutions of catechins (40, 60, 80, 100 and
200 ppm) were used as external criteria for the
determination of linearity and accuracy of the HPLC
method (Figure 2). The calibration curve was built by
plotting peak area against standard concentration. The
© 2020 The Authors. Published by Rynnye Lyan Resources
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The phenolic acids (gallic acid, caffeic acid, catechin
and P-coumaric acid), flavonoids (epigallocatechin
gallate, rutin, myricetin, quercetin, kaempferol and
naringenin) were purchased from ChemFaces. The
solvents such as glacial acetic acid, HPLC grade
acetonitrile and HPLC grade methanol were purchased
from R&M Chemicals, HmbG Chemicals and Fisher
Chemicals, respectively. The stock solution of
concentration 1 mg/mL (w/v, 1000 ppm) was prepared
by dissolving 1 mg of standard in 60% (v/v) methanol.
The standard working solution (v/v, 20 ppm) was then
prepared by further dilution of the stock solution with
60% (v/v) methanol. The standards were then filtered
through a 0.45 μm PVDF-syringe filter (Thermo
Scientific, Massachusetts, USA).
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Table 1. Concentration (ppm) of phenolics and flavonoids in Napier grass samples
P-Coumaric
Samples Gallic acid
Catechin
EGCG
Rutin
acid
a
a
a
b
A
47.42±8.78
21.22±0.47
28.42±0.66
4.71±0.01b
0.46±0.02
B
0.63±0.07b
2.06±0.12b 12.60±0.21bc 3.00±0.86e
1.13±0.23d
C
0.17±0.02cde 1.71±0.20b
7.94±0.25de 4.21±0.25cd
1.20±0.06d
e
b
e
c
D
0.01±0.00
3.56±0.08
7.34±0.11
4.83±0.12
1.56±0.58d
E
0.02±0.01de
5.94±0.93b 21.09±0.07a 9.21±0.08b
8.09±1.74a
c
b
cd
c
F
0.19±0.15
5.22±0.79
10.13±0.11
4.80±0.25
1.63±0.62d
G
0.18±0.01cd
2.76±0.37b 13.17±1.96b 2.94±0.12e
4.01±0.09bc
H
1.58±0.03a
2.20±0.26b 10.30±1.71cd 3.08±0.30de 2.01±2.68cd

Myricetin
b

1.71±0.17
0.73±0.03c
0.33±0.04d
0.60±0.01cd
1.84±0.01b
0.79±0.18c
5.68±0.02a
5.94±0.19a

Quercetin
b

0.39±0.02
0.58±0.01a
0.23±0.00cd
0.10±0.00d
0.38±0.03b
0.37±0.03bc
0.45±0.10ab
0.59±0.09a

Kaempferol

0.31±0.02b
0.06±0.02ef
0.04±0.01f
0.07±0.02ef
0.23±0.02c
0.12±0.01de
0.14±0.01d
0.46±0.05a

Values are expressed as means±standard deviation. Values with different superscript letters in columns are statistically
significant from each other at P<0.05.
Water extracts (A–D): A = Fresh Napier grass water extract, B = Water extract of Napier grass dried at 50°C, C = Water extract
of Napier grass green tea (6 mins steaming time), D = Water extract of Napier grass black tea (9 h fermentation time).
Methanolic extracts (E–H): E = Fresh Napier grass methanolic extract, F = Methanolic extract of Napier grass dried at 50°C, G =
Methanolic extract of Napier grass green tea (6 mins steaming time), H = Methanolic extract of Napier grass black tea (9 hrs
fermentation time).

3.2 Determination of individual flavonoids

(8.09±4.40 ppm). In contrast, methanolic extract of E
(fresh Napier grass) showed the highest amount of Pcoumaric acid (8.09±1.74 ppm) among the water and
methanolic extracts (A–H). Whereas, the highest amount
of gallic acid (1.58±0.03 ppm), myricetin (5.94±0.19
ppm), quercetin (0.59±0.09 ppm) and kaempferol
(0.46±0.05 ppm) were observed in H (methanolic extract
of Napier grass black tea). High amounts of certain
flavonoids in methanolic extracts showed the
effectiveness of the extraction with 60% methanol.
Approximately 60% methanol was used as an extraction
solvent for plant phenolic compounds in previous studies
as it was found to extract the phenolic compounds
efficiently (Mohd Zainol et al., 2009; Pyrzynska and
Sentkowska, 2015) and was also reported as a suitable
solvent for phytochemical extraction (Chigayo et al.,
2016).

Table 1 shows the concentration of phenolics and
flavonoids in Napier grass samples. The amount of gallic
acid and quercetin showed no significant difference
among the samples, respectively indicating tea
processing methods did not affect the amount of gallic
acid and quercetin. The highest amount of flavonoids
detected was catechin (42.42±8.78 ppm), accompanied
by routine (28.42±0.66 ppm) and epigallocatechin gallate
(21.22±0.47 ppm) contained in sample A water extract
(fresh Napier grass) compared to other water and
methanol extracts. The highest amount of rutin
(21.00±0.66 ppm), epigallocatechin gallate (17.736±6.28
ppm), P-coumaric acid (6.09±3.02 ppm), myricetin
(1.71±4.81 ppm), gallic acid (0.74±0.48), quercetin
(0.39±0.02 ppm) and kaempferol (0.31±0.02 ppm) were
also found in fresh Napier grass among water extracts.
Methanolic extract of fresh Napier grass showed the
highest amount of epigallocatechin gallate (21.09±0.07
ppm), rutin (32.33±0.08 ppm) and P-coumaric acid

This study also utilized the water and aqueous
mixture of 60% methanol, which were used as extraction
solvents. The combination of water and alcohol have
been reported to be efficient in the extraction of phenolic
compounds (Grujic et al., 2012; Toudert et al., 2017).
This is because some flavonoids are water-soluble, and
others are not. The water solubility of certain flavonoids
such as myricetin, kaempferol and luteolin are poor
(Kwon et al., 2010). Although glycosides of flavonoids
have increased their water solubility, their water
solubility is limited (Bilia et al., 2014). In contrast,
flavan-3-ols such as catechin can directly be extracted
with water (Andersen and Markham, 2006). Thus, there
might be some limitations by using mono-component
solvent as the polarity of phenolic compounds are
different. In this case, mixed organic solvent-water
mixtures could be a good alternative for the extraction of
flavonoids (Jabbari and Gharib, 2011). Besides, acids
were not used in flavonoids extraction because flavan-3-

Figure 2. Calibration curve of external standard (catechin)

correlation coefficient square showed that R > 0.9998
indicates the system's high linearity and precision.
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ols and flavanones are sensitive to acids (Yang et al.,
2008).

4. Conclusion
The HPLC study confirmed the presence of
flavonoids and phenolic compounds in selected Napier
grass samples. Gallic acid, P-coumaric acid, catechin,
epigallocatechin gallate, quercetin, rutin, myricetin and
kaempferol were found in both Napier grass water and
methanolic extracts, respectively. The amount of gallic
acid and quercetin showed no significant difference
among the samples, respectively indicating tea
processing methods were not affected by the amount of
gallic acid and quercetin. The highest amount of catechin
was found in the water extract of fresh Napier grass. The
highest amount of rutin, epigallocatechin gallate, Pcoumaric acid, myricetin, gallic acid, quercetin and
kaempferol were also found in fresh Napier grass among
water extracts. Methanolic extract of fresh Napier grass
showed the highest amount of epigallocatechin gallate,
rutin and P-coumaric acid.
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