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Abstract: There is a growing demand to enhance pharmaceutical and food safety using synergistic
compounds from Piper sarmentosum Roxb., such as polyphenols and water-soluble vitamins. However,
information on standardized analytical methods to identify and quantify these compounds of interest
is limited. A reversed-phase high-performance liquid chromatography with diode-array detection
(HPLC-DAD)-based method was developed to simultaneously detect and quantify the amounts of
tannin, flavonoid, cinnamic acid, essential oil, and vitamins extracted from P. sarmentosum leaves using
methanol, chloroform, and hexane. Commercially and non-commercially-cultivated P. sarmentosum
leaves were subjected to seven different drying treatments (shade; sun; air oven at 40 ◦C, 60 ◦C, 80 ◦C,
and 100 ◦C; and freeze-drying) for three consecutive months. Most compounds were detected most
efficiently at a detection wavelength of 272 nm. The developed method displayed good detection
limits (LOD, 0.026–0.789 µg/mL; LOQ, 0.078–2.392 µg/mL), linearity (R2 > 0.999), precision (%RSD,
<1.00), and excellent accuracy (96–102%). All P. sarmentosum leaf extracts were simultaneously tested
and analytically compared without time-consuming fractionation. Methanolic plant extracts showed
better peak area and retention time splits compared to chloroformic and hexanoic extracts. Differences
in synergistic compound composition were dependent on the type of drying treatment but not on
cultivation site and time of sampling. Flavonoid was identified as the dominant phytochemical
component in P. sarmentosum leaves, followed by the essential oil, cinnamic acid, ascorbic acid, and
tannin. Overall, we present a simple and reproducible chromatographic method that can be applied
to identify different plant compounds.

Keywords: chromatography; drying; extraction; gradient HPLC; medicinal plant; separation;
standardized analytical methods; validation

1. Introduction

Herbal remedies, due to their cost-effectiveness and reduced harmful side effects,
have become popular worldwide. Piper sarmentosum Robx. (Piperaceae), a low-growing
perennial herb, has a long history of use as a source of potential herbal medicines and
traditional cuisines. The plant is cultivated in America (Panama and North America), China
(especially in southeast coastal areas), and Southeast Asian countries [1,2]. The whole
plants, or specific parts of P. sarmentosum, such as roots, dry aerial parts, fruits, and leaves,
have been used for medicine and human nutrition. Its edible leaves possess an aromatic
odor and pungent taste. Over the past three decades, P. sarmentosum has gained increasing
research interest to assess its medicinal value in treating human health issues [2]. Further-
more, numerous studies have reported that P. sarmentosum leaves exhibit pharmacological
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effects, including [3], antitubercular agents [4] and hypoglycemic, antimalarial [5], antimi-
crobial [6,7], antineoplastic [8], antioxidant [9], neuromuscular blocking [10], antiatheroscle-
rosis [11], and anti-inflammation [12] activities. Several bioactive compounds, including
essential oils, steroids, lignans, and flavonoids, have been isolated from P. sarmentosum [2].
The latter has gained increased consumer interest, as the functional hydroxyl group of
flavonoids in P. sarmentosum leaves improves the flavor and esthetic quality of the food
product. Additionally, it does not impart toxic effects, unlike the synthetic food additives
used in food processes [2]. Furthermore, the functional properties of P. sarmentosum as
an antimicrobial agent have also been explored in livestock; it modulates the mitigation
of ruminal methanogenesis and therefore has the potential to reduce the greenhouse gas
emissions [13]. Concurrently, it has been shown that in Piper plants, polyphenols, including
quercetin, eugenol, syringic acid, and gallic acid, are physiologically active compounds
that increase its antioxidant capacity by shifting antioxidant mechanisms and inhibiting
the propagation of lipid peroxidation [14–16]. Along with carbohydrate, protein, and fat
sources in animal feed, oligomers and polymers of polyphenols are degraded by similar
intermediate metabolites in the animal gut, absorbed by cells, and synthesized to animal-
derived products, such as milk and meat [16–18]. Though a host of nutritional aspects have
been widely reviewed, particularly in regard to flavonoids, essential oils, cinnamic acids,
and tannins in some perennial plants assessed as alternative feeding resources to cultivated
crops and various agro-industry by-products [19–24], the studies exploring the influences
of P. sarmentosum-derived supplements on animal physiological states are limited due to
inconsistencies in the determination of its chemical constituents.

The antimicrobial and antioxidant properties of flavonoids that impact the diets of
humans and animals are affected by other water-soluble phenolic compounds and vitamins,
such as tannin and ascorbic acid, respectively [25]. Notably, oligomers and polymers of
flavonoids are condensed tannins (especially flavanols), while gallic acids are hydrolysable
tannins. In addition, regarding the hypoglycemic action shown earlier, P. sarmentosum
may interact with gallic acid and ascorbic acid in a model of fructose-mediated protein
glycation and oxidation [3,26]. Despite the valuable dietary and therapeutic benefits
of P. sarmentosum leaves, the nutritional and pharmacological studies investigating the
active components and the type of solvent systems used to prepare or assay various ex-
tracts of P. sarmentosum are limited. Therefore, it is necessary to conduct and develop
new approaches to quantify these bioactive compounds and their interactions [2,27]. The
term “synergistic compounds” originates from the exhibition of synergistic interactions by
P. sarmentosum with many bioactive compounds or multiple constituents that can have mul-
tiple targets and exert synergistic therapeutic efficacies as mentioned above. Furthermore,
a previous study has shown and validated that pre-column high-performance liquid chro-
matography (HPLC) spiking methods directly detect essential oil, water-soluble phenolic
compounds, and water-soluble vitamins in different solvent extracts of P. betle leaves [28].
In that study, the compositions of bioactive compounds extracted using different solvents
from powdered P. betle leaves dried in a conventional oven were quantified by a bioanalyti-
cal method which employed a reversed-phase HPLC with a diode-array detection (DAD)
system. The method successfully identified the chromatograms of tannin (gallic acid),
cinnamic acid (caffeic acid, syringic acid, p-coumaric acid, sinapic acid, and ferulic acid),
flavonoids (catechin, rutin, myricetin, quercetin, apigenin, and kaempferol), ascorbic acid,
and eugenol. Regardless of the improved chromatogram performance, the extrapolation
of the current chromatographic condition including the mobile phase, flow rate, injection
volume, column temperature, detection wavelength, and minimal analysis time per run to
practice is inconsistent, due to a current lack of studies addressing the practical relevance of
developed the gradient eluent for the varied flow rate of Piper plant extract. In addition, the
drying process used to preserve the plant material is important and can affect the quality
and quantity of the plant extract [29]. For example, it has been reported that flavonoid,
phenolic, and ascorbic acid contents are altered by different drying treatments, such as sun,
shade, oven temperatures of 60 ◦C, 80 ◦C, and 100 ◦C, microwave, and freeze-drying [30].
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Therefore, the selection of drying methods should be carefully considered to ensure that
the precision and selectivity of the proposed analytical method are sufficient to detect
significant changes in the tested plant material. To our best knowledge, a method to quan-
tify tannin, cinnamic acid, flavonoid, vitamin, and essential oil in P. sarmentosum leaves
has not been completely devised. In addition, the sample preparation method has not
been evaluated. Therefore, this study aimed to develop a simple and reproducible HPLC
method for simultaneous identification and quantification of major bioactive compounds
and their composition in different solvent extracts of P. sarmentosum leaves subjected to
different drying methods. This method was expected to reduce fractional extraction time
and adjust the flow rate on the HPLC system. Various drying treatments, i.e., shade drying,
sun drying, hot air oven (40, 60, 80, 100 ◦C), and freeze-drying were tested to confirm the
changes in the composition of tannin, cinnamic acid, flavonoid, vitamin, and essential oils
in P. sarmentosum leaves. The findings demonstrate that the reversed-phase HPLC-DAD
method we developed is efficient for simultaneous identification and quantification of 14
major bioactive compounds (Figure 1), including tannin (gallic acid), flavonoid (catechin,
rutin, myricetin, quercetin, apigenin, and kaempferol), cinnamic acid (caffeic, syringic,
p-coumaric, ferulic, and sinapic acids), essential oil (eugenol), and vitamin C (ascorbic acid)
in methanolic, chloroformic, and hexanoic extracts of P. sarmentosum leaves derived from
different cultivation sites and sampling times.
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Figure 1. Chemical structures of tannin (A), flavonoid (B), cinnamic acid (C), essential oil (D), and
vitamin C (E).

2. Materials and Methods
2.1. Chemicals and Reagents

HPLC-grade solvents, including glacial acetic acid, acetonitrile, methanol, chloro-
form, and hexane used in the extraction process, were purchased from Labscan (Bangkok,
Thailand); the purities of the solvents were above 99%. Tannin (gallic acid), flavonoids
(catechin, rutin, myricetin, quercetin, apigenin, and kaempferol), cinnamic acid (caffeic,
syringic, p-coumaric, ferulic, and sinapic acid), and essential oil (eugenol) were purchased
from Sigma Chemical (purity: >99%, St. Louis, MO, USA). Ascorbic acid, used as a vitamin
standard, was purchased from Carlo Erba (purity: >99%, Strada Rivoltana, France). Water
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for preparation, extraction, and liquid chromatography was prepared using a Milli-Q water
purification system (Millipore, Illkirch-Graffenstaden, France).

2.2. Standard Stock Solution, Calibration Standard, and Sample Preparation for Quality Control

The standard stock solution (1 mg/mL) was prepared by dissolving 1 mg each of the
external standard of tannin (gallic acid), flavonoid (catechin, rutin, myricetin, quercetin,
apigenin, and kaempferol), cinnamic acid (caffeic, syringic, p-coumaric, ferulic, and
sinapic acids), essential oil (eugenol), and vitamin (ascorbic acid) in 0.5 mL HPLC-grade
methanol. An accurately weighed 1 mg sample of each standard, weighed using a Sartorius
QUINTIX224-1S balance (GmbH & Co. KG, Gottingen, Germany), was gently added into a
2 mL safe-lock Eppendorf tube (tare was used to exclude the tube’s weight) in identical
calibrated time. The balance was capable of measuring to the nearest 0.0001 g or 0.1 mg.
The standard solutions were then sonicated with the following settings—low (L) power
output, 15 min ON/5 s OFF pulses, and 4 ◦C water bath with floating ice. The standard
stock solutions were subsequently adjusted to 1 mL with the mobile phase solution (1:9,
HPLC-grade acetonitrile: 1% acetic acid) and vortexed for 60 s. From these standard stock
solutions, a working solution containing adequate concentrations or dilutions of either
single analyte or all the analytes (14 compounds) in HPLC-grade methanol was freshly
prepared when needed.

Calibration standards at six concentrations (5, 10, 20, 30, 40, and 60 µg/mL) of tannin,
flavonoid, cinnamic acid, essential oil, and vitamin was obtained by appropriate dilutions
of working stock solution in the mobile phase (1:9, HPLC-grade acetonitrile: 1% acetic
acid).

Quality control samples were prepared in the mobile phase (1:9, HPLC-grade acetoni-
trile: 1% acetic acid) at three concentrations (20, 40, and 60 µg/mL). All solutions were
stored in 2 mL Autosampler HPLC Vials Pres lit Caps in the dark at 4 ◦C.

2.3. Chromatographic Conditions

Liquid chromatography was performed using an HPLC system (Agilent Technologies
1260 Infinity, Santa Clara, CA, USA). The HPLC system included four solvent delivery
system quaternary pumps (61311 B), a DAD (DAD 61315D), a 10 mm flow cell, and
an automatic sample injection valve equipped with a 100 µL loop. Data integrity and
chromatography data analysis were performed using an Agilent OpenLAB CDS 1.8.1
system manager.

The chromatographic separation was achieved using a reversed-phase Zorbax SB-C18
column (3.5 µm particle size, i.d. 4.6 mm × 250 mm, Agilent Technologies, Santa Clara,
CA, USA) operated at 28 ◦C for 65 min. The mobile phase was comprised of HPLC-
grade acetonitrile and 1% acetic acid (1:9). A flow rate of 0.9 mL/min using a binary
gradient consisting of (A) acetonitrile and (B) 1% acetic acid was employed to achieve
chromatographic separation. The gradient elution system was as follows: 10–40% A
(0–28 min), 40–60% A (28–39 min), 60–90% A (39–50 min), and 90–10% (50–65 min). The
injected volume was maintained at 20 µL. The absorption of analyzed and quantified
compounds was investigated using a photodiode array UV detector set at 272, 280, and
310 nm. In this study, 14 standards of tannin, flavonoid, cinnamic acid, essential oil,
and ascorbic acid were successfully combined and used for analysis within 65 min. A
preliminary injection of 20 µL of working solution containing adequate concentrations
or dilutions of a single analyte of each standard (14 standards; n = 5) was conducted
to compare their retention time, and their identification was confirmed by the standard
addition method. Once each standard was successfully recognized, a subsequent injection
of 20 µL of calibration standards (5, 10, 20, 30, 40, and 60 µg/mL) of each standard (n = 20)
was performed. The identified tannin, flavonoid, cinnamic acid, essential oil, and ascorbic
acid were quantified according to the respective standard calibration curves (hereafter
referred to as external standard calibration curves).
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Tannin, flavonoid, cinnamic acid, essential oil, and ascorbic acid in commercial and
non-commercial P. sarmentosum leaves from all regions of Thailand (except Bangkok), were
identified by comparing their retention times, spiked performance, and UV–VIS spectra
with those received by injection of the standard solution under similar conditions. The
overlapping area of each compound was revised by performing manual integration of
the peak area. Peak area was used for quantitation purposes (dilution included), using
a respective external standard calibration curve. Values were reported as mg/g on dry
weight basis.

2.4. Plant Material

Plant samples were divided in two groups: commercial P. sarmentosum leaves (CSL)
and non-commercial P. sarmentosum leaves (NSL). CSL were purchased from local markets
in Northern (Chiang Rai), Western (Phetchaburi), Eastern (Prachinburi), and Southern
(Songkhla), Thailand. CSL were kept in cooled bags while being transported to the labora-
tory. NSL were cultivated at two different sites: the Suranaree University of Technology
Organic Farm (14◦52′48′′ N, 102◦00′54′′ E at an elevation of 243 m above sea level) and the
mini garden near the Goat and Sheep Research Center (14◦52′48.3′′ N, 102◦00′17.8′′ E at an
elevation of 243 m above sea level), Nakhon Ratchasima (Northeastern), Thailand. CSL
and NSL samples were collected freshly for three consecutive months (April–July 2019).
After separating the flowers, leaves were rinsed, blanched with steam at 90 ◦C for 1 min,
and kept at −20 ◦C until further analysis.

2.5. Drying Method and Color Measurement

CSL and NSL samples were dried using one of the following methods: shade temper-
ature, sun drying, hot air drying, and freeze-drying. Shade drying was conducted using
a tray with a layer thickness of approximately 0.2 cm and leaves were dried in the shade
at ambient laboratory conditions (26 ◦C for 96 h). Sun drying was performed using a tray
of similar layer thickness and dried in direct sunlight at temperatures between 30 ◦C and
36 ◦C for 8 h. Hot air drying was conducted in a hot air convection oven (Memmert GmbH
+ Co. KG, ULM600, Schwabach, Germany) at four different drying temperatures (40, 60,
80, and 100 ◦C). Freeze-drying was performed using a Lyophilizer (GAMMA 2–16 LSC,
CHRiST, Osterode am Harz, Germany). The plant samples were frozen in −80 ◦C for 24 h
and dried under a vacuum with the condenser temperature set at −15 ◦C for 24 h.

The color of the plant samples was measured by a Chroma Meter (CR 300, Minolta
Corp., Osaka, Japan) before and after drying. Color was expressed in CIE L* (whiteness or
brightness), a* (redness/greenness), and b* (yellowness/blueness) coordinates, standard
illuminant D65 and 2◦ observer optical position. Ten replicate measurements were obtained
and averaged. The color brightness, L* values ranged from zero (black) to 100 (white). The
values of the chromaticity coordinates a* and b* were determined according to Arslan and
Özcan [31] guidelines.

2.6. Plant Sample Preparation

The dried leaves were homogenized and powdered using a Retsch mill (Retsch SM
100 mill, Haan, Germany) with a mesh size of 1 mm. Leaf powders were filled in sealed
plastic bags and kept in a vacuum desiccator at 25 ◦C with 34% humidity until further use.

A Soxhlet extraction apparatus was employed to extract tannin, flavonoid, cinnamic
acid, essential oil, and vitamin assayed in methanol, chloroform, and hexane. Briefly,
for methanol extraction, 5 g of dried leaf powder was extracted with 20 mL methanol
using the Soxhlet apparatus for 3–4 h, and then plant extracts (PE) were collected. These
Soxhlet procedures were repeated three times, and all PEs were combined. The collected
PE was subsequently evaporated using a Rotavapor (Buchi R300, Flawil, Switzerland).
The PE was filtered through a 0.45 µm Polyvinylidene difluoride (PVDF) syringe filter
(Merck, Germany) and decanted into a volumetry flask. The volume of collected PE was
made up to 10 mL with the respective solvents used, and it was stored at −20 ◦C for
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subsequent liquid chromatography analysis. PEs using the chloroform and hexane were
extracted following the same procedures. For extraction from fresh material, fresh leaves
were chopped into small pieces and milled into a semi-paste with a kitchen blender (Le
Cuisson SX-999, Guangdong, China). The extraction, filtration, and collection steps were
the same as those of dried material extraction. On the working day, collected PEs were
evaporated to obtain a dry residue. One milligram of dry residue was dissolved in 0.5 mL
of the mobile phase solution (1:9, HPLC-grade acetonitrile:1% acetic acid), vortexed for
60 s, filtered through a 0.45 µm Polyvinylidene difluoride (PVDF) syringe filter, and 20 µL
(n = 20) injected into the HPLC-DAD system. The remaining dry residue was prepared to
determine the dry weight (n = 5) [32].

2.7. Method Validation

Method validation was assessed based on the International Council for Harmonisation
of Technical Requirements for Pharmaceuticals for Human Use guidelines, including the ef-
fectiveness, LOD (limit of detection), LOQ (limit of quantification), linearity, precision, and
accuracy. These parameters were validated in the absorbed UV–VIS detection wavelength
at 272, 280, and 310 nm.

The effectiveness of the HPLC method was confirmed by examining the detection
of the standard peak after the calibration standard was diluted using gradient eluent.
Acetonitrile and 1% acetic acid resolved well in this study, showing separated peaks
identifying the 14 synergistic compounds. The LOD and LOQ were calculated from the
calibration curve according to Equations (1) and (2).

LOD =
standard deviation of calibration curve
angular coefficient in linear regression

× 3.3 (1)

LOQ =
standard deviation of calibration curve
angular coefficient in linear regression

× 10 (2)

Linearity was obtained after receiving a peak of external standard at six concentrations
(5, 10, 20, 30, 40, and 60 µg/mL), injected 20 times simultaneously at an automatic sample
injection valve temperature of 19–20 ± 1.0 ◦C. Appropriate dilutions of these standard
stock solutions were included, and the means of these received peak areas were averaged
to obtain a plotted linear regression.

To assess the repeatability and reproducibility of the developed method, precision
was evaluated using intra- and inter-day variability measurements. Intra- and inter-
day precision values were expressed as the percentage of relative standard deviation
(%RSD) of retention time and peak area. The precision evaluation was run at intermediate
concentrations (20, 40, and 60 µg/mL) for 10 consecutive runs.

To determine the accuracy of the developed method, a recovery experiment was
performed. However, it is acknowledged that the estimation of the recovery is only an
approximation due to the lack of a blank matrix. To improve the accuracy of the method,
three concentrations (20, 40, and 60 µg/mL) of the 14 synergistic compounds identified
in the extracts were prepared and added to P. sarmentosum extracts (PEs) and incubated
at room temperature (26–27 ◦C) for 24 h. Then, the samples were prepared as described
in “Plant Sample Preparation”. The extracts were then analyzed using the HPLC-DAD
method as described, and each run was repeated 10 times. Accuracy was expressed as
the percentage of recovery (%R) from the average value of the spiked samples, calculated
using following the equation:

%R =
(amount of standard detected)

(amount of nominal standard added)
× 100 (3)

2.8. Statistical Analysis

Cluster analysis (color measurement and drying method) and calculation of total
tannin, flavonoid, cinnamic acid, essential oil, and vitamin in plant samples cultivated in
two sites and sampled at three different times were processed with a completely random-
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ized design with repeated measures, using GraphPad Prism 9.0 (GraphPad Software, Inc.,
San Diego, CA, USA). Akaike’s information criterion of the mixed effects model of Graph-
Pad Prism was used to fit the covariance structure of the compound symmetry. Data were
checked for normal distribution using the Kolmogorov–Smirnov test. Least-square means
were reported, and significance was declared by Tukey’s honestly significant difference
(HSD) at p < 0.05 [33].

3. Results and Discussion
3.1. Optimization of Chromatographic Condition

In reversed-phase liquid chromatography, optimization of clear separation by setting
the conditions of the gradient elution is crucial because each separated compound elutes
from the column at a different mobile phase composition [34]. In this study, the chromato-
graphic conditions were optimized, including the mobile phase, flow rate, injection volume,
column temperature, detection wavelength, and minimal analysis time per run. Regarding
the use of a suitable mobile phase solution (1:9, HPLC-grade acetonitrile: 1% acetic acid),
this study identified the peaks in all three detection wavelengths (272, 280, and 310 nm).
However, the well-separated peaks of the external standards of tannin, flavonoid, cinnamic
acid, essential oil, and ascorbic acid were only depicted with an improved gradient time at
272 nm (Figure 2). This indicated that the gradient eluent using acetonitrile was suitable for
applications requiring low UV detection wavelengths. This inference is supported by previ-
ous studies, which have reported that though methanol and acetonitrile are commonly used
for modifying reversed-phase chromatography, acetonitrile is more favorable as it performs
at a lower UV cut-off than methanol [28,35]. Taken together, it can be inferred that shorter
analyte retention can be achieved from acetonitrile interference. Of note, in previous stud-
ies, combinations of acetonitrile and acetic acid have been used, which suggests that using
acetic acid provides the most efficient separation for phenolic compounds in a shorter run
time (45–60 min) [28,36]. In this study, the total chromatographic run time was determined
by injecting the standard solution containing all external standards. The chromatogram
revealed that the complete separation of all the biomolecules studied here was achieved
at 39 min. The gradient time was assigned to use two and three segments for removing
co-elution among the compounds. The first gradient step (0–40% in acetonitrile) allowed
the elution of ascorbic acid, cinnamic acid, and some flavonoids (including quercetin). The
second gradient step (0–60% in acetonitrile) allowed the elution of the remaining flavonoids
(apigenin and kaempferol) and eugenol as the last compound of interest. The time required
to detect the last compound was achieved at 39 min, indicating that the third gradient step
was arbitrarily set for 11 min (39–50 min). The run was continued for an additional 15 min
to restore the column and prepare for a new chromatographic run (conditioning step). In
general, re-equilibration could be made shorter than 15 min by increasing the flow rate
during equilibration; however, this is dependent on the column dimension used. Relative
to a previous study [36], wherein three segments in gradient steps were used to determine
quercetin after running the gradient elution system in solvent (50–100%) B (consisting of
20% of acetic acid and 80% acetonitrile) for 45 min, in the current method, the distinct peak
and good resolution of quercetin were detected in a shorter time (27.64–28.49 min) wherein
the gradient eluent system was run in solvent (40–60%) A (acetonitrile without mixed by
acetic acid). It was thus verified that using acetic acid as a weak eluting solvent at the start
of the chromatographic run and gradually increasing proportions of acetonitrile as a strong
eluting solvent over the course of the separation allows improved resolution of the poorly
retained solutes at the beginning of the separation, while the more strongly retained solutes
are eluted within a shorter time [37]. Overall, the achievement of distinct resolution of the
compounds confirmed the simplicity of the developed method for the determination of the
above-mentioned compounds.
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3.2. HPLC Method Validation

To obtain consistent, reliable, and accurate data, the external influences, including
the performances and limitations of the current method, were assessed and validated.
The first HPLC method validation parameters, including calibration curve, selectivity,
linearity, and limit of detection (LOD) and quantification (LOQ), are shown in Table 1.
The calibration curves were obtained by constructing six points of peak detection for each
compound. Calibration curves were linear over the studied concentration range. The
coefficients of determination (R2) of all compounds were >0.9992, suggesting a proper
fit of the tannin, flavonoid, cinnamic acid, essential oil, and ascorbic acid curves to the
model, within the range in previous investigations [38]. Furthermore, the LOD and LOQ
were within the acceptable range, with LOD values ranging from 0.026 to 0.789 µg/mL
and LOQ values ranging from 0.078 to 2.392 µg/mL (Table 1). These values are higher
than those obtained by other researchers for tannin, flavonoid, cinnamic acid, essential oil,
and ascorbic acid in Piper plants [28], but within the range observed in other polyphenol
studies [39]. The present LOD and LOQ are established against the previous report [28].
The flow rate of the mobile phase from 0.7 to 0.9 mL/min increasing LOD from 10 to
1000 times is improbable, because the dilution rate of the sample by the mobile phase flow
is only 2.14 times greater. The reason for such a large difference remains unclear, and
further observation is required. Therefore, it appears that a lower flow rate in the HPLC
system may be more conducive to linearity and sensitivity. Taken together, these results
indicate that the developed method satisfied the linearity and sensitivity criteria to analyze
these compounds in P. sarmentosum leaves.

Other method validation, precision, and accuracy parameters are summarized in
Table 2. The intra- and inter-day precisions of this methodology were determined based
on the retention time and the average concentrations (10 consecutive runs) of external
tannin, flavonoid, cinnamic acid, essential oil, and ascorbic acid standards, and expressed
as the percentage of relative standard deviation (%RSD) of retention time and spiking
peak area at three selected concentrations of the standards (20, 40, and 60 µg/mL). The
average retention time and concentration values obtained in this study were below 1% and
2%, respectively. These results suggest the developed method is sufficiently reliable
and highly precise for the analysis of tannin, flavonoids, cinnamic acid, essential oil,
and ascorbic acid in P. sarmentosum leaves. The %RSD values obtained here agree with
those of other studies that have validated the analytical methodology for simultaneous
detection of phytochemicals and micronutrients [28,36,40]. Furthermore, the accuracy of
this methodology was expressed as the recovery of standard compounds added to the pre-
analyzed sample or before extraction. The recovery of tannin, flavonoids, cinnamic acid,
essential oil, and ascorbic acid from P. sarmentosum leaves ranged from 97.28 to 101.55%,
97.15 to 101.40%, and 96.27 to 101.16% relative to those of 20, 40, and 60 µg/mL standards,
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respectively (Table 2). These values were consistent with those reported in other studies
in which these compounds were quantified by spiking P. betle leaf extracts [28] and other
polyphenols [36,39] with external standards. These values suggested that the external
standards in P. sarmentosum leaves behaved similarly to those in the P. betle leaves, which
showed a range of recovery between 96% to 102%, indicating that the current method
is acceptable for the quantitation of these compounds, particularly in the study of other
Piper plants.

Table 1. Calibration curve, selectivity, linearity, and limit of detection (LOD) and quantification (LOQ) parameters.

Organic Compound Linearity Range
(µg/mL) Regression Equation LOD

(µg/mL)
LOQ

(µg/mL)
Coefficient of

Determination (R2)

Ascorbic acid 5–60 y = 2.4924x + 12.3388 0.531 1.609 0.9997
Gallic acid 5–60 y = 12.9818x + 2.2362 0.026 0.078 0.9995
Catechin 5–60 y = 2.9286x + 0.6389 0.385 1.166 0.9998

Caffeic acid 5–60 y = 4.8257x + 1.2590 0.163 0.494 0.9996
Syringic acid 5–60 y = 5.4006x + 4.7297 0.117 0.353 0.9997

Rutin 5–60 y = 4.4610x + 6.6243 0.168 0.509 0.9998
P-coumaric acid 5–60 y = 8.7897x + 5.6561 0.043 0.131 0.9995

Sinapic acid 5–60 y = 2.9304x + 3.7697 0.388 1.175 0.9995
Ferulic acid 5–60 y = 6.4391x + 10.0323 0.080 0.243 0.9997
Myricetin 5–60 y = 6.4988x + 7.7278 0.079 0.240 0.9997
Quercetin 5–60 y = 9.4149x − 29.6597 0.037 0.113 0.9992
Apigenin 5–60 y = 5.6536x + 11.0148 0.103 0.313 0.9994

Kaempferol 5–60 y = 2.0474x − 6.1211 0.789 2.392 0.9993
Eugenol 5–60 y = 4.2751x − 11.8916 0.187 0.567 0.9994

Table 2. Intra- and inter-day precision and accuracy (n = 10, mean value ± %RSD).

Organic
Compound

Nominal
Concentration

(µg/mL)

Intra-Day Precision Inter-Day Precision

Recovery (%)Retention
Time (min)

Detected
Concentration

(µg/mL)

Retention
Time (min)

Detected
Concentration

(µg/mL)

Ascorbic acid
20 3.74 ± 0.36 20.28 ± 1.11 3.76 ± 0.08 19.99 ± 0.04 100.67 ± 1.07
40 3.74 ± 0.20 40.18 ± 0.39 3.75 ± 0.21 39.83 ± 0.17 100.01 ± 0.53
60 3.75 ± 0.39 58.69 ± 1.50 3.76 ± 0.10 57.89 ± 1.41 96.57 ± 1.58

Gallic acid
20 5.54 ± 0.09 19.64 ± 1.25 5.54 ± 0.14 19.27 ± 0.35 97.28 ± 1.33
40 5.54 ± 0.12 39.59 ± 1.22 5.55 ± 0.21 38.67 ± 0.12 97.83 ± 1.48
60 5.54 ± 0.10 58.52 ± 1.63 5.55 ± 0.12 57.00 ± 0.22 96.27 ± 1.77

Catechin
20 10.87 ± 0.07 19.91 ± 0.68 10.98 ± 0.13 19.70 ± 0.59 99.02 ± 0.82
40 10.87 ± 0.17 39.38 ± 1.64 11.00 ± 0.11 38.34 ± 0.18 97.15 ± 1.79
60 10.88 ± 0.16 58.80 ± 0.97 11.01 ± 0.19 58.00 ± 0.20 97.33 ± 0.98

Caffeic acid
20 13.37 ± 0.20 19.98 ± 0.78 13.43 ± 0.33 19.76 ± 0.35 99.35 ± 0.82
40 13.39 ± 0.28 39.85 ± 0.93 13.47 ± 0.10 39.18 ± 0.29 98.79 ± 1.10
60 13.46 ± 0.26 59.70 ± 0.67 13.48 ± 0.19 58.39 ± 0.42 98.41 ± 1.26

Syringic acid
20 13.97 ± 0.32 20.22 ± 1.20 14.08 ± 0.26 19.64 ± 0.81 99.65 ± 1.82
40 13.97 ± 0.11 40.51 ± 1.66 14.12 ± 0.37 39.25 ± 1.36 99.70 ± 1.92
60 13.97 ± 0.08 59.82 ± 1.62 14.10 ± 0.43 58.92 ± 0.70 98.95 ± 1.01

Rutin
20 16.47 ± 0.11 20.34 ± 0.99 16.72 ± 0.40 19.85 ± 0.98 100.49 ± 1.57
40 16.47 ± 0.16 40.18 ± 0.37 16.71 ± 0.98 39.61 ± 1.07 99.74 ± 1.06
60 16.47 ± 0.24 60.04 ± 0.20 16.73 ± 0.44 59.75 ± 0.40 99.82 ± 0.39

P-coumaric acid
20 17.79 ± 0.63 20.15 ± 0.74 17.92 ± 0.93 19.94 ± 0.95 100.22 ± 1.00
40 17.78 ± 0.24 40.07 ± 0.51 17.92 ± 0.95 39.81 ± 0.60 99.85 ± 0.63
60 17.77 ± 0.48 59.92 ± 0.35 17.94 ± 0.82 59.61 ± 0.52 99.61 ± 0.50

Sinapic acid
20 18.86 ± 0.52 20.28 ± 0.60 19.08 ± 0.16 20.05 ± 0.76 100.83 ± 0.88
40 18.82 ± 0.48 40.44 ± 0.40 19.15 ± 0.45 40.21 ± 0.66 100.81 ± 0.61
60 18.87 ± 0.70 60.81 ± 0.34 19.14 ± 0.59 60.56 ± 0.31 101.14 ± 0.38
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Table 2. Cont.

Organic
Compound

Nominal
Concentration

(µg/mL)

Intra-Day Precision Inter-Day Precision

Recovery (%)Retention
Time (min)

Detected
Concentration

(µg/mL)

Retention
Time (min)

Detected
Concentration

(µg/mL)

Ferulic acid
20 19.19 ± 0.93 20.47 ± 0.68 19.24 ± 0.34 20.15 ± 0.44 101.55 ± 0.97
40 19.26 ± 0.95 40.68 ± 0.18 19.27 ± 0.39 40.44 ± 0.31 101.40 ± 0.39
60 18.89 ± 0.50 60.80 ± 0.21 19.25 ± 0.86 60.60 ± 0.12 101.16 ± 0.23

Myricetin
20 22.80 ± 0.43 19.96 ± 0.90 23.23 ± 0.81 19.79 ± 0.92 99.38 ± 0.99
40 22.80 ± 0.59 39.93 ± 0.67 23.28 ± 0.64 39.51 ± 0.96 99.30 ± 0.97
60 22.80 ± 0.68 59.61 ± 0.55 23.28 ± 0.78 59.29 ± 0.54 99.08 ± 0.60

Quercetin
20 27.64 ± 0.52 20.08 ± 0.52 29.26 ± 0.78 19.86 ± 0.71 99.83 ± 0.82
40 28.04 ± 0.11 39.91 ± 0.59 29.38 ± 0.88 39.45 ± 0.46 99.20 ± 0.78
60 28.49 ± 0.86 59.36 ± 0.85 29.37 ± 0.70 58.72 ± 0.59 98.40 ± 0.91

Apigenin
20 32.58 ± 0.55 20.01 ± 0.98 32.71 ± 0.85 19.81 ± 1.38 99.56 ± 1.28
40 32.31 ± 0.93 40.04 ± 0.32 32.74 ± 0.78 39.55 ± 1.03 99.48 ± 0.97
60 32.28 ± 0.62 59.89 ± 0.27 32.73 ± 0.97 58.95 ± 0.95 99.03 ± 1.06

Kaempferol
20 33.19 ± 0.42 19.91 ± 0.37 33.46 ± 0.65 19.77 ± 0.42 99.21 ± 0.53
40 33.19 ± 0.53 39.89 ± 0.19 33.46 ± 0.57 39.78 ± 0.19 99.59 ± 0.23
60 33.18 ± 0.27 59.53 ± 0.77 33.49 ± 0.68 58.58 ± 0.72 98.43 ± 1.10

Eugenol
20 37.03 ± 0.05 19.95 ± 0.16 37.55 ± 0.72 19.87 ± 0.23 99.55 ± 0.28
40 36.22 ± 0.78 39.74 ± 0.22 37.31 ± 0.89 39.59 ± 0.29 99.16 ± 0.31
60 36.06 ± 0.65 60.09 ± 0.11 37.12 ± 0.96 60.10 ± 0.21 100.15 ± 0.16

3.3. Selection of Extraction Procedure and Method Applicability: Identification and Quantification
of Tannin, Flavonoids, Cinnamic Acid, Essential Oil, and Ascorbic Acid

Many sophisticated techniques, including maceration, supercritical fluid extraction,
subcritical water extraction, ultrasound-assisted extraction, and Soxhlet extraction, have
been reported as means of investigating the chemical constituents of P. sarmentosum. It
has been reported that extraction yield and susceptibility in reversed-phase liquid chro-
matography are not only dependent on the extraction method but also on the solvent used
for extraction [41]. In the present method, Soxhlet extraction was employed to extract
P. sarmentosum in methanolic, chloroformic, and hexanoic solvents. We found that methano-
lic plant extract (PE) improved the resolution of the separated peak area and the consistency
of detected retention time, compared to the chloroformic and hexanoic extracts (Figure 3).
These chromatograms indicate that polar solvents used in plant extraction could have a key
role in the recovery of phytochemicals from plant matrices. Although this study did not ob-
serve the efficiency of yield extraction, as shown in previous studies, it could be concluded
that methanol is the most effective solvent for the extraction of low-molecular-weight phy-
tochemical constituents compared with ethanol, chloroform, dichloromethane, acetone, and
hexane [23,28,42,43]. Phytochemical constituents of P. sarmentosum leaves have complex
polarity, covering both polar and non-polar compounds. Methanol is commonly used as
an organic eluent with polar and non-polar substances. In addition, methanol has a boiling
point lower than hexane, which is slightly higher than chloroform. However, chloroform is
a non-polar solvent. Therefore, the lower boiling point and wide polarity of methanol could
impart powerful attractions for individual bioactive molecules of P. sarmentosum leaves,
enabling easier elution of the phytochemicals to methanol than the other solvents used.

This study determined that methanolic plant extracts (PEs), both in commercial
P. sarmentosum leaves (CSL) and non-commercial P. sarmentosum leaves (NSL), had the
highest contents of fourteen synergistic compounds compared to the chloroformic and
hexanoic extracts (Table 3). Despite the difference in cultivation sites and times of sampling,
the total contents of tannin, flavonoids, cinnamic acid, essential oil, and vitamin C in CLS
and NSL were found to be similar (p > 0.05, Table 4). This result was similar to those
of previous studies [3,6,8] and consistent with the type of solvent used. In the present
study, flavonoids were identified as the dominant phytochemicals in P. sarmentosum leaves,
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followed by essential oil, cinnamic acid, ascorbic acid, and tannin. Apigenin was the most
abundant naturally occurring phytochemical among the flavonoids (44.48%), followed by
kaempferol (27.50%), and quercetin (12.11%). Over the last decades, only one study quan-
tifying apigenin, kaempferol, and quercetin under simultaneous chromatogram sample
detection has been reported [44]. Our results showed a higher concentration of apigenin,
but a lower concentration of quercetin compared with that observed earlier, where the
signal at the retention time of kaempferol in the previous study was below the detection
limit. The probable reason for these differences could be the sampling scheme. Aside from
the difference of cultivar location, in this study we only extracted and estimated apigenin,
kaempferol, and quercetin contents in leaves, whereas Miean and Mohamed [44] analyzed
the whole plant. In addition, we used a column separation with a smaller particle detection
(3.5 µm particle size) than that used by Miean and Mohamed [44]. Column length defines
the performance of column back pressure, and particle size of the stationary phase plays
a substantial role in separation efficiency. A smaller particle column improved the speed
and resolution in the HPLC technique [45]. Optimal separation by setting small particles
is an acceptable alternative for developing chromatographic performance; thereby, small
particles could be used to run fast and ultra-fast analyses to give lower plate height values,
and accordingly higher efficiency [46]. This occurs due to the low mass transfer resistance
at higher linear velocities, and over a wider range of linear velocities [47]. However, a
higher column efficiency might be perpetuated with short columns and a high flow rate [48].
Using smaller particle stationary phases in this study benefited the boost speed and PE
chromatographic performance. Therefore, our method enhanced precision and accuracy in
determining flavonoids by using smaller particle sizes in column separation; however, the
above effect was dependent on the target site of sampling plant material.
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Table 3. Identification and quantification of fourteen synergistic compounds in a variety of solvent extracts of commercial
P. sarmentosum leaves (CSL) and non-commercial P. sarmentosum leaves (NSL).

Organic Compound Wavelength Detection
(nm)

Concentration (mg/g on Dry Weight Basis) a

Methanol Chloroform Hexane Average

CSL
Ascorbic acid 272, 280, 310 0.38 ± 0.12 nd nd 0.13 ± 0.04

Gallic acid 272, 280, 310 0.12 ± 0.03 nd nd 0.04 ± 0.01
Catechin 272, 280, 310 0.20 ± 0.10 nd nd 0.07 ± 0.03

Caffeic acid 272, 280, 310 0.65 ± 0.27 0.04 ± 0.01 nd 0.23 ± 0.09
Syringic acid 272, 280, 310 0.06 ± 0.03 nd nd 0.02 ± 0.01

Rutin 272, 280, 310 0.49 ± 0.15 0.04 ± 0.02 0.04 ± 0.02 0.19 ± 0.05
P-coumaric acid 272, 280, 310 0.25 ± 0.07 nd 0.03 ± 0.01 0.09 ± 0.02

Sinapic acid 272, 280, 310 0.10 ± 0.07 0.04 ± 0.02 0.02 ± 0.01 0.05 ± 0.03
Ferulic acid 272, 280, 310 0.06 ± 0.03 nd 0.02 ± 0.01 0.03 ± 0.01
Myricetin 272, 280, 310 0.08 ± 0.05 0.05 ± 0.02 0.05 ± 0.02 0.06 ± 0.02
Quercetin 272, 280, 310 0.20 ± 0.12 0.17 ± 0.09 0.50 ± 0.26 0.29 ± 0.09
Apigenin 272, 280, 310 0.55 ± 0.21 0.14 ± 0.08 2.53 ± 0.50 1.07 ± 0.18

Kaempferol 272, 280, 310 0.22 ± 0.07 0.11 ± 0.06 1.47 ± 0.96 0.60 ± 0.33
Eugenol 272, 280, 310 0.37 ± 0.15 0.19 ± 0.09 1.53 ± 0.47 0.70 ± 0.17

NSL
Ascorbic acid 272, 280, 310 0.37 ± 0.06 nd nd 0.12 ± 0.02

Gallic acid 272, 280, 310 0.16 ± 0.03 nd nd 0.05 ± 0.01
Catechin 272, 280, 310 0.20 ± 0.05 nd nd 0.07 ± 0.02

Caffeic acid 272, 280, 310 0.74 ± 0.15 0.04 ± 0.01 nd 0.26 ± 0.05
Syringic acid 272, 280, 310 0.06 ± 0.02 nd nd 0.02 ± 0.01

Rutin 272, 280, 310 0.51 ± 0.07 0.03 ± 0.02 0.04 ± 0.02 0.19 ± 0.03
P-coumaric acid 272, 280, 310 0.15 ± 0.11 nd 0.03 ± 0.01 0.06 ± 0.04

Sinapic acid 272, 280, 310 0.09 ± 0.07 0.04 ± 0.02 0.02 ± 0.01 0.05 ± 0.03
Ferulic acid 272, 280, 310 0.06 ± 0.02 nd 0.02 ± 0.01 0.03 ± 0.01
Myricetin 272, 280, 310 0.07 ± 0.05 0.05 ± 0.02 0.05 ± 0.03 0.06 ± 0.02
Quercetin 272, 280, 310 0.19 ± 0.09 0.17 ± 0.08 0.50 ± 0.30 0.29 ± 0.11
Apigenin 272, 280, 310 0.42 ± 0.20 0.15 ± 0.07 2.53 ± 0.38 1.03 ± 0.14

Kaempferol 272, 280, 310 0.22 ± 0.06 0.11 ± 0.05 1.77 ± 0.90 0.70 ± 0.32
Eugenol 272, 280, 310 0.36 ± 0.09 0.18 ± 0.11 1.61 ± 0.28 0.72 ± 0.11

a Data are presented as mean ± SD (each solvent, n = 20); nd: non-detectable.

In contrast, our results differed from prior findings [49], where flavonoids amurensin
(an acyl-substituted flavonoid glucoside), hesperidin, and didymin were identified after
methanolic PEs of P. sarmentosum leaves were subjected to a liquid chromatography—
mass spectrometry (LCMS) UHPLC system. The aglycone forms (myricetin, quercetin,
apigenin, kaempferol) of these are usually found in intact tissues in the glycosylated
form. As mentioned above, the series of extractions in the present study emphasized
the extraction of the aglycones, especially with chloroform and hexane, but the methanol
extracts contained more of the glycosylated forms. As shown in Figure 3A, we acknowledge
that one large peak at retention time 15.2 min was not identified. The data reported here,
together with those from the previous report [49], suggest that this large peak at retention
time 15.2 min could be amurensin. It need not be stated that the current study does not
provide an external standard of amurensin, and future studies are required to test the
hypothesis of whether amurensin could be simultaneously determined in a distinct peak
together with other aglycone forms (myricetin, quercetin, apigenin, kaempferol).

Some of the major phytochemical constituents in Piper plants are the essential oils,
and in P. sarmentosum, they are constituted from monoterpenes, sesquiterpenes, phenyl-
propanoids, alkane, diterpenoids, and terpenoid [2]. Other substances that have been
identified in these aromatic and volatile oils include sarmentosine, sarmentine, piperine,
and pellitorine [49,50]. Our results suggested that P. sarmentosum leaves have a terpenoid
group, likely eugenol, in all solvent extracts. Its content was highest in the hexane extract,
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followed by the methanol chloroform extract, which agreed with earlier reports [51,52]. To
date, our study was the first investigation to quantify eugenol from P. sarmentosum leaves
using the liquid chromatographic principle. Previously, only a single study has reported
the eugenol content of P. sarmentosum leaves using a gas chromatography approach [53].
However, we could not compare the results due to the differences in basal samples and
calculation methods. Our sample used crude extracts assayed in a variety of solvents,
and determined eugenol content based on the obtained calculation using the respective
external standard calibration curves, whereas Chieng et al. [53] had formed basal sampling
as oil-extracted shift, and determined eugenol content by comparing the Kovats retention
indices obtained in their study with literature values. These results suggest that the present
methodology is more robust for determining complex plant matrices. Based on these
results, it can be inferred that the method of our investigation could be reproduced to
determine essential oil in P. sarmentosum leaves with distinct peaks and excellent resolution.

Table 4. Total contents of tannin, flavonoids, cinnamic acid, essential oil, and vitamins in commercial P. sarmentosum leaves
(CSL) and non-commercial P. sarmentosum leaves (NSL).

Organic Compound CSL NSL SEM
p Value 1

Cultivated Site Sampling Time Interaction

Tannin 0.05 0.04 0.007 0.062 0.672 0.595
Flavonoid 2.39 2.34 0.039 0.091 0.159 0.075

Cinnamic acid 0.68 0.65 0.018 0.051 0.323 0.951
Essential oil 0.72 0.70 0.014 0.110 0.931 0.832

Vitamin 0.12 0.13 0.003 0.131 0.526 0.939
1 p Value: effect of cultivated site (CSL versus NSL), effect of sampling time (April–July), and their interaction (cultivated site ×
sampling time).

Furthermore, the content of cinnamic acid in P. sarmentosum leaves was comparable to
that of the essential oils (Table 3). The P. sarmentosum leaves contained 0.24 mg/g caffeic
acid, 0.02 mg/g syringic acid, 0.08 mg/g p-coumaric, 0.05 mg/g sinapic acid, and 0.03 mg/g
ferulic acid. Our results showed that caffeic acid was richer in the methanolic assay than in
the chloroformic and hexanoic assays. In an earlier study, caffeic acid in P. sarmentosum
leaves was identified and quantified by HPLC with the absorbance wavelength set at
280 nm. The samples were extracted using methanol following maceration; however, the
maceration time was not mentioned clearly [54]. Nevertheless, caffeic acid failed to be
determined during the chromatogram period. It can be inferred that extraction procedures
such as maceration or Soxhlet extraction may lead to a failure of caffeic acid detection. This
could be attributed to the chromatographic performance; the signal at its retention time was
probably below the detection limit. It could be concluded that the absorbance wavelength
set at 280 nm was slightly too high to detect the caffeic acid signal, which agrees with
the present finding. Among the three different wavelengths of 272, 280, and 310 nm, the
photodiode array UV detector was most efficient at 272 nm. Thus, a more appropriate
measuring instrument to reliably detect caffeic acid would be one with an absorbance
wavelength of 272 nm. Furthermore, our method was able to achieve more precision and
accuracy when determining cinnamic acid and caffeic acid in P. sarmentosum leaves.

Interestingly, gallic acid and ascorbic acid were found in methanolic extracts. However,
these compounds were minor naturally occurring phytochemicals in P. sarmentosum leaves
(Table 3). As gallic acid is an antioxidant and hypoglycemic agent, P. sarmentosum may
interact with it along with ascorbic acid in a model of fructose-mediated protein glycation
and oxidation [26]. Our findings provide compelling evidence that P. sarmentosum contains
an abundance of hydrolysable tannin (gallic acid) and vitamin C (ascorbic acid), while ear-
lier studies have rarely determined these compounds. It is speculated that P. sarmentosum
leaves containing ascorbic acid could function as a promotor to exert antioxidant activity. In
this study, ascorbic acid was determined in the methanolic assay (0.38 mg/g), as reported
by previous studies [3,55]. Furthermore, few studies have reported determining the tannin
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content of P. sarmentosum leaves using either liquid chromatography or a conventional
AOAC technique. For instance, Chanwitheesuk et al. [3], using the Folin–Denis reagent,
estimated the total tannin content to be 17.7% of total phenolic content. More recently,
Rahman et al. [54] employed an HPLC method with a flow rate of 1.0 mL/min through the
HPLC analytical column (5 µm particle size) using eluent consisting of 1% trifluoroacetic
acid and methanol for 80 min, and the estimated gallic acid concentration was 0.02 mg/g
assayed in methanol. Our method yielded a higher concentration (~7-fold) of gallic acid
(0.14 mg/g) and required a lower flow rate (0.9 mL/min) and a shorter run time (65 min).
Herein, despite using a smaller particle stationary phase (3.5 µm particle size) and ace-
tonitrile as an eluent, the chromatogram performance improved; the findings suggest
that the gradient eluent plays a key role in the efficiency of gallic acid detection and the
enhanced content of gallic acid. Studies have shown the influence of gradient elution using
increased acetonitrile and flow rate modification [56,57]. Increasing flow rate can lead to
faster elution of analytes, whereas decreasing flow rate results in better resolution and
improved concentration-sensitive detection. Therefore, the findings obtained in this study
represent a suitable technique for optimization of separation by optimizing the conditions
of gradient elution.

3.4. Effect of Drying Methods on Leaf Color Characteristics and Tannin, Flavonoid, Cinnamic Acid,
Essential Oil, and Vitamin Contents

To the best of our knowledge, the current data shows for the first time that the type
of drying treatment applied to P. sarmentosum leaves influences their color characteristics.
Compared to P. betle leaves, the differences in color characteristics of P. sarmentosum leaves,
as indicated by the Hunter L*, a*, and b* values, agreed with the results (excluding those
of freeze-drying) reported by Rayaguru et al. [58]. The whiteness or brightness/darkness
value (L*) and yellowness value (b*) of the fresh P. sarmentosum leaves did not change
after shade drying, but decreased in leaves treated by sun and hot air oven drying at the
temperatures tested in this study (p < 0.001; Table 5). However, the greenness values (a*) of
fresh P. sarmentosum leaves were found to be different compared to those of leaves treated
by shade, sun, hot air oven, and freeze-drying. The L*, a*, and b* values of leaves treated
by freeze-drying were the highest among all drying treatments. The second highest values
were observed in leaves treated by sun and hot air oven drying at 40 ◦C (p < 0.001; Table 5),
indicating strong potential in the two drying methods. This notion is substantiated by the
fact that, given the same duration of drying time, color deterioration was highest when the
temperature rate of the drying method increased. The decreasing − a* (+ value) of fresh
P. sarmentosum leaves after the drying treatments was indicative of a more efficient Maillard
reaction [30,58]. It thus appears that the effect of freeze-drying on the color characteristics
of leaves can be extrapolated to other drying conditions.

Table 5. Effect of different drying methods on the color characteristics of Piper sarmentosum Roxb. leaves.

Color
Characteristics

Drying Method

SEM p Value
Fresh Shade Sun Hot Air

40 ◦C
Hot Air

60 ◦C
Hot Air

80 ◦C
Hot Air
100 ◦C Freeze

L* 30.56 a 30.94 a 28.59 b 28.39 b 25.03 c 22.52 d 17.64 e 27.13 b 0.308 <0.001
a* −6.34 b −2.96 c −2.82 c −2.76 c −1.36 d −1.27 d −1.10 d −7.50 a 0.049 <0.001
b* 15.09 a 15.14 a 14.26 b 14.07 b 13.98 b 13.02 c 13.00 c 14.87 a 0.118 <0.001

a–e Means in the same row with a different superscript letter differ significantly (p < 0.05).

Processing methods, including the treatment of plant material by different drying
treatments are acknowledged to have variable effects on antioxidant activity and phyto-
chemical composition [29,44]. Quantitative evaluation of total tannin, vitamins, flavonoids,
cinnamic acid, and essential oil in dried P. sarmentosum leaves using the developed HPLC
method showed that the flavonoid content in P. sarmentosum leaves was the highest, fol-
lowed by that of essential oil, cinnamic acid, ascorbic acid, and tannin (p < 0.001; Figure 4).
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Among the tested drying treatments, shade-, sun-, and 40 ◦C hot air oven-drying of fresh
P. sarmentosum leaves significantly increased the chromatographic detection of flavonoids,
cinnamic acid, and tannins. Freeze-drying and sun- or 40 ◦C hot air oven-drying improved
the efficiency of the chromatographic detection of essential oils and vitamins. This finding
was consistent with previous findings that the highest amounts of total tannin, vitamins,
flavonoids, cinnamic acid, and essential oil were observed at drying temperatures below
50 ◦C [3,30,44]. Therefore, our results corroborate these previous reports. A possible expla-
nation for these results is that low temperature during drying may protect the bioactive
properties in plant material by preventing excessive breakdown of cellular constituents, a
process that can result in decomposition, or in the combination of components previously
bound with the other plant substances, such as cell wall macromolecules [59]. Notably,
we optimized and developed the HPLC method to detect and quantify 14 synergistic
compounds in leaves dried at various temperatures (from −80 to 100 ◦C). Therefore, this
analytical method for simultaneously detecting phytochemicals and micronutrients can be
applied to the determination of synergistic compounds in other plants.

Separations 2021, 8, x FOR PEER REVIEW 17 of 20 
 

 

 
Figure 4. Total tannin, total vitamin, total flavonoid, total cinnamic acid, and total essential oil of dried P. sarmentosum 
leaves as estimated by using the present developed HPLC method. Data reported as least-squares means ± SEM (n = 20). 
a–e A different superscript indicates a significantly different mean (p < 0.05). 

4. Conclusions 
We developed and validated a simple workup and HPLC-DAD-based method for 

the simultaneous identification and quantification of one tannin, six flavonoids, five cin-
namic acids, one essential oil, and one vitamin compound in P. sarmentosum leaves. This 
method exhibited low detection limits, better precisions and accuracy, and good recover-
ies (96–102%) of tannins, flavonoids, cinnamic acid, essential oils, and ascorbic acid in P. 
sarmentosum leaves. A remarkable advantage of the proposed method is that plant extracts 
could be simultaneously tested without the time-consuming fractionation of sample prep-
aration steps. The standard and plant-extract chromatograms showed good separations 
of the compounds under similar conditions. In addition, drying P. sarmentosum leaves us-

Figure 4. Total tannin, total vitamin, total flavonoid, total cinnamic acid, and total essential oil
of dried P. sarmentosum leaves as estimated by using the present developed HPLC method. Data
reported as least-squares means ± SEM (n = 20). a–e A different superscript indicates a significantly
different mean (p < 0.05).
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4. Conclusions

We developed and validated a simple workup and HPLC-DAD-based method for
the simultaneous identification and quantification of one tannin, six flavonoids, five cin-
namic acids, one essential oil, and one vitamin compound in P. sarmentosum leaves. This
method exhibited low detection limits, better precisions and accuracy, and good recov-
eries (96–102%) of tannins, flavonoids, cinnamic acid, essential oils, and ascorbic acid in
P. sarmentosum leaves. A remarkable advantage of the proposed method is that plant ex-
tracts could be simultaneously tested without the time-consuming fractionation of sample
preparation steps. The standard and plant-extract chromatograms showed good sepa-
rations of the compounds under similar conditions. In addition, drying P. sarmentosum
leaves using shade, sun, hot air oven (40, 60, 80, 100 ◦C), and freeze-drying altered the
phytochemical and synergistic compound compositions, but did not reduce the resolu-
tion retention times of the detected peaks. The most abundant synergistic compounds in
P. sarmentosum leaves were flavonoids, followed by essential oil, cinnamic acid, ascorbic
acid, and tannin. Differences in cultivation sites and sampling times of P. sarmentosum
leaves did not affect the synergistic compound composition. Overall, this method can
determine the amounts of tannin, flavonoid, cinnamic acid, essential oil, and ascorbic acid
extracted using polar and nonpolar solvents. The method described in this study could be
developed for further applications, especially in industrial manufacturing quality control
for plant phytochemicals present in nutritional and medicinal plants.
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