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ABSTRACT

Objective: The aims of this study were to identify and evaluate the chemical markers of Ficus deltoidea Jack (FD) varieties namely var. deltoidea, 
var. trengganuensis, var. kunstleri, var. motleyana, var. intermedia, var. borneensis, var. bilobata and var. angustifolia by high performance thin layer 
chromatography (HPTLC) and to discriminate between the varieties based on Fourier transform infra-red (FTIR) data.

Methods: Methanol extracts of eight varieties and water extracts of five varieties were subjected to HPTLC and FTIR fingerprinting analysis. 
Quantification of markers (vitexin and isovitexin) was performed by HPTLC. Cluster analysis of principal component analysis (PCA) and hierarchical 
cluster analysis (HCA) was employed to discriminate between the varieties based on their FTIR data.

Results: Two markers, vitexin and isovitexin, were found in all of the varieties, but their contents were varied in the different samples. Cluster analysis 
(PCA and HCA) was employed to discriminate between the varieties based on their FTIR data. Clear separation between the methanol extracts of the 
varieties was observed, whereas the discrimination of the water extracts of the varieties showed some disparities.

Conclusion: The findings indicate that HPTLC combined with FTIR coupled with chemometric analysis is a reliable analytical tool for the identification 
and discrimination of FD varieties.

Keywords: Ficus deltoidea Jack, High performance thin layer chromatography, Fourier transform infra-red profiling, Vitexin, Isovitexin.

INTRODUCTION

Ficus deltoidea (FD), or mistletoe fig, which is commonly consumed 
as a tea, is a herb with a variety of therapeutic potentials. Traditional 
practitioners use this plant in herbal remedies to treat several illnesses, 
such as headaches, hypertension and hyperglycemia [1,2]. Studies 
have shown that FD leaves have several biological activities, such as 
antioxidant and neuroprotection activities [3,4]. This plant has received 
great attention in recent years due to pharmacological evidence of 
its anti-diabetic properties [5-7]. In terms of chemical components, 
recent reports have characterized at least 25 flavonoids, and the 
main constituents have been identified to be flavan-3-ol monomer, 
proanthocyanidins, and C-linked flavone glycosides [8,9], which have 
been found to be responsible for 85% of the total antioxidant activity of 
the leaves. FD leaves have also been reported to possess phenolic and 
flavonoid compounds, which are also found in black and green teas [8,10]. 
The C-linked glycoside flavones vitexin and isovitexin have been shown 
to inhibit alpha-glucosidase [11], an enzyme that is responsible for the 
breakdown of carbohydrate to sugar. Taking its therapeutic potential 
into account, it is worth developing this plant as an herbal medicine. 
However, the variability of the plant in terms of leaf morphology is 
tricky, especially for inexperienced collectors. Traditional practitioners 
classify FD into more than 20 varieties based on the morphology 
of the leaf and stem and the growing habitats. Misidentification is 
highly possible due to its extreme morphological variations and the 
unclear boundaries between varieties. The leaf characteristics are 
likely the most variable and show heterophylly [12,13]. The taxonomic 
classification performed by Musa [14] grouped FD into only six 
varieties, namely var. bilobata, angustifolia, intermedia, kunstleri, 

motleyana and trengganuensis. Fatihah et al. [15] made the first attempt 
to dissect a systematic relationship between seven varieties of FD from 
peninsular Malaysia using a morphological phylogenetic framework. 
These researchers found that the FD specimens found in the Malaysian 
region could be classified into two subspecies: Subspecies deltoidea 
consisted of var. deltoidea, var. bilobata, var. angustifolia, var. kunstleri 
and var. trengganuensis, whereas subspecies motleyana comprised var. 
intermedia and var. motleyana.

With the confusion arises from the varietal status and the complexities 
of the chemical compounds, it is justified to identify the uncomplicated 
way to assess the identity and therapeutic quality of this plant in order 
to be used as herbal medicine. The uses of chromatographic techniques 
such as high performance thin layer chromatography (HPTLC) and 
HPLC and spectroscopic fingerprints such as Fourier transform infra-
red (FTIR) are commonly applied in the analysis of plant authentication 
and quality control [16,17]. To provide a fingerprint, the entire 
chromatogram may be used as a chemical profile, or a chromatographic 
discriminating region or a selection for significant chemical markers 
may be used [18].

The aim of this study was to identify and evaluate the chemical markers 
and differentiates the varieties of FD through a discrimination of their 
metabolites via principal component analysis (PCA) and hierarchical 
cluster analysis (HCA). The evaluation of identification was carried out 
by HPTLC using the C-flavonoid glycosides vitexin and isovitexin as the 
standard markers. The metabolomics data for discriminant analysis 
was acquired using FTIR. The results from the fingerprinting studies 
will be useful for differentiating between varieties.
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METHODS

Chemicals and reagents
The pure compounds vitexin and isovitexin were purchased from 
Fluka-Sigma. The solvents methanol, ethyl acetate, and formic acid are 
products of Merck (Damstadt, Germany). HPTLC plates precoated with 
silica gel F254 (layer thickness of 0.2 mm) were purchased from Merck.

Instrumentations
HPTLC
HPTLC protocol was adapted from [19] with some modification. The 
extracts were spotted on HPTLC plates precoated with silica gel F254 

(layer thickness of 0.2  mm) (Merck) using Camag Linomat 5 model. 
The samples were streaked in the form of narrow bands with a length 
of 8.0 mm 8 mm from the bottom edge, 40 mm from the margin, and 
13.3 mm apart at a constant rate of 100 nL/seconds using a nitrogen 
aspirator. The migration distance was 8 cm with a migration time of 
25 minutes. The densitometric analysis of the separated components 
was carried out using a Camag thin layer chromatography (TLC) 
scanner 3 (Camag, Switzerland) in the absorbance mode at 340  nm. 
The bands were scanned using deuterium and tungsten lamps, and the 
scanning speed was maintained at 20 mm/seconds with a macro slit 
dimension of 8.00 mm × 0.2  mm. The integration of chromatograms 
was performed using the Camag TLC scanner system and win CATS 
software (Camag, Switzerland).

Selection of mobile phase for HPTLC
Several solvent systems for vitexin and isovitexin were screened. 
The selection of the solvent system was based on the separation of 
marker compounds. The mobile phase was ethyl acetate:formic acid 
(0.1%):methanol (5:5:2 v/v/v). The developed plate for each FD extract 
was visualized under a wavelength of 254 nm and was further scanned 
for 3D densitogram and ultraviolet spectrum analysis at 340 nm.

Standard curve of markers
Appropriate volumes of the standard solutions (100  µg/ml) for both 
vitexin and isovitexin were prepared in methanol and were spotted 
on HPTLC plates. A  different volume of the stock solution of each 
standard marker (1, 1.5, 2, 2.5 and 3 µl) was spotted on HPTLC plates 
to obtain 100, 150, 200, 250 and 300  ng of the standard marker per 
spot, respectively, for vitexin and isovitexin. The calibration curve was 
plotted using the peak areas against the corresponding concentrations.

Accuracy and precision of the assay
The accuracy of the assay was tested at 150, 200 and 300 ng of vitexin 
and isovitexin. The concentration of the markers in the extracts (n=5) at 
each level was compared with the theoretical concentration. The intra-
day precision was evaluated by repeatedly analyzing samples with 
concentrations of 150, 200 and 300 ng of the markers per spot (n=5). 
The inter-day precision analysis was similarly evaluated by repeated 
analysis of samples with concentrations of 150, 200, and 300 ng of both 
markers (per spot) once daily for 5 days.

FTIR
The FTIR spectra were obtained and recorded using a Perkin Elmer 
spectrum 400 infrared (IR) spectroscopes coupled with air-cooled 
deuterated triglycine sulfate. The attenuated total reflectance scan 
technique was used directly for all of the samples. The IR measurements 
were made at a resolution of 4/cm, and 16 inferograms were co-added 
before the Fourier transformation. The data were recorded at the mid-
IR range of 4000-600/cm.

Data analysis for spectroscopic fingerprinting
To minimize the differences between spectra due to baseline shifts, each 
FTIR spectrum were baseline corrected using the Spectrum (Perkin 
Elmer, Inc.) software. The most intense band of peak absorbance was 
normalized to set normality. The spectra were then exported as a 
Spectrum. SP file and imported into the multivariate statistical software 
program. The Unscrambler X (CAMO, Trondheim, Norway). The PCA 

and HCA classifications were performed using Unscrambler. PCA and 
HCA were used to discriminate the metabolome of FD varieties.

Sample collection
Plant materials are consisting of leaves of FD var. deltoidea, var. kunstleri, 
var. angustifolia, var. motleyana, var. bilobata and var. trengganuensis 
were obtained from University Sultan Zainal Abidin (UniSZA) living 
collection, Gong Badak Campus, Kuala Terengganu. FD var. intermedia 
was collected from mount Brinchang, Cameron highland and var. 
borneensis was collected in Santubong, Sarawak, East Malaysia. Each 
sample was identified by Prof. Nashriyah Mat, UniSZA, Terengganu, 
Malaysia and deposited at UniSZA’s herbarium.

Preparation of plant extracts
For the methanol extract, 1 g of the powder sample was macerated 
with 19 ml of methanol for 3 days. For the water extract, 1 g of powder 
material was extracted at 100°C with distilled water for 1 hr. The 
filtered extracts were dried using a rotary evaporator and maintained 
at −20°C prior to analysis.

Preparation of sample extract for quantification
Samples of each variety of FD were prepared at a concentration of 
60 mg/ml in methanol. The volume of sample extracts (n=3) applied 
was 2 µl to obtain 120,000 ng in each spot. The mass of the standard 
markers in the samples was calculated using calibration curves.

RESULTS AND DISCUSSION

In this work, eight authenticated varieties of FD was analyzed. The 
varieties, namely var. deltoidea (specimen no: FD 007), var. bilobata 
(specimen no: FD 013), var. angustifolia (specimen no: FD 171) var. 
kunstleri (specimen no: FD 009), var. motleyana (specimen no: FD 258) 
and var. trengganuensis (specimen no: FD 090), were obtained from 
the UniSZA living collection. The sample of var. intermedia (specimen 
no: FD-CH-1) was collected from the forest reserve, Mount Brinchang, 
Cameron Highland. The sample of var. borneensis (specimen no: FD 
260) was collected at Santubong, Sarawak. Herbarium specimens for all 
eight varieties were deposited at the Herbarium Faculty of Agriculture, 
Biotechnology and Food Sciences, UniSZA. Methanol extracts of all 
varieties were analyzed by HPTLC and FTIR. Due to the sample availability, 
only five water extracts were obtained and analyzed by HPTLC and FTIR.

To examine the compositional differences between FD varieties, TLC 
analysis was performed. The TLC profiles of methanol and water 
extracts of the FD varieties are shown in Fig. 1a-d, respectively. The 
results indicate that all of the sample constituents are clearly separated 
without any tailing and diffuseness using the solvent system of ethyl 
acetate:Formic acid (0.1%):Methanol (5:5:2  v/v/v). Two compounds, 
namely vitexin and isovitexin, were used as markers. The typical 
chromatogram of FD showed two bands of vitexin and isovitexin with 
relative Rf values of 0.46 and 0.36, respectively. All of the samples 
showed a dark band when visualized under 254  nm, and this band 
represents glycoside flavones due to the quenching of double bonds 
in the compound in the methanol and water extracts. The intensities 
of vitexin and isovitexin varied between the varieties. The methanol 
extracts showed a higher intensity of these compounds compared to the 
water extracts. As shown in the TLC chromatogram presented in Fig. 1, 
the excitation of isovitexin in var. borneensis at 254 nm was found to be 
the strongest, and vitexin appears to exhibit its highest intensity in var. 
deltoidea. The HPTLC fingerprint profiles of the methanol and water 
extracts of all of the varieties are shown in Fig. 1b and d, and these 
profiles indicate the occurrence of eight components in the methanol 
extracts and five components in the water extracts.

The quantitative analysis of vitexin (Fig.  2a) and isovitexin (Fig.  2c) 
based on the densitometry measurement of the peaks was performed 
using the HPTLC technique. HPTLC has emerged as an efficient tool for 
the quantitative evaluation of herbal drugs [20] due to its simplicity 
and minimum sample clean-up requirement. All standard curves were 
linear over the range of 100-300  ng. The standard curve is shown 
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in Fig. 2b and d. The linear regression for the standard markers vitexin 
and isovitexin were R2 = 0.999. The limits of detection for vitexin 
and isovitexin were 22.6 and 44.9  ng, respectively, and the limits of 
quantification were 68.5 and 136  ng, respectively. The % relative 
standard deviation <3% for both intra-day and inter-day revealed the 

excellent accuracy and high precision of the assay method. The low 
coefficient of variation was indicative of the acceptable inter-day and 
intra-day precision of the assay. The recoveries of vitexin and isovitexin 
were 101.71% and 91.63%, respectively. The intensities of vitexin and 
isovitexin also varied between the varieties as shown in Fig. 3. It was 

Fig. 1: Methanol extracts of Ficus deltoidea (FD) leaves and marker compounds (vitexin and isovitexin) were spotted on pre-coated silica 
gel 60 F254 high performance thin layer chromatography (HPTLC) plates. (a) Thin layer chromatography (TLC) chromatogram of the 
methanol extracts of all varieties of FD visualized at 254 nm, (b) HPTLC fingerprinting of the methanol extracts of all varieties of FD, 
(c) TLC chromatogram of the water extracts of all varieties of FD visualized at 254 nm, (d) HPTLC fingerprinting of the water extracts 
of all varieties of FD. L1: vitexin; L2: isovitexin; methanol extract; L3: FD var. angustifolia, L4: FD var. bilobata, L5: FD var. borneensis, 
L6: FD var. deltoidea, L7: FD var. intermedia, L8: FD var. motleyana, L9: FD var. trengganuensis, L10: FD var. kunstleri. Water extract; 

L3: FD var. borneensis, L4: FD var. deltoidea, L5: FD var. intermedia L6: FD var. motleyana; L7: FD var. trengganuensis. FDA: FD var. 
angustifolia; FDB: FD var. bilobata; FDBN/FDBNW: FD var. borneensis; FDD/FDDW: FD var. deltoidea; FDI/FDIW: FD var. intermedia; 

FDK: FD var. kunstleri; FDM/FDMW: FD var. motleyana; FDTG/FDTGW: FD var. trengganuensis

c d

ba

Fig. 2: Structure of (a) vitexin and (c) isovitexin. Standard curve for (b) vitexin and (d) isovitexin by high performance thin layer 
chromatography

dc

ba
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found that FD var. deltoidea contains the highest amount of vitexin, 
whereas FD var. borneensis contains the most amount of isovitexin 
(Table 1).

The HPTLC fingerprinting assay developed in this study is specific to 
the selected solvent system and can be used to differentiate between 
varieties of FD. The Rf value of the markers can be a useful tool to 

provide sufficient information for the identification, authentication and 
standardization of FD.

In the present study, FTIR was used to discriminate FD varieties. The 
typical FTIR spectra for the methanol and water extracts of different 
varieties of FD are shown in Fig. 4. The spectra of all samples looked 
identical. The number of peaks was generally more or less the same. A 

Table 1: Quantification data of vitexin and isovitexin in methanol and water extracts of Ficus deltoidea

Quantification of vitexin and isovitexin in FD (ng/μg)

FD varieties Vitexin Percentage in extract Isovitexin Percentage in extract
Methanol extracts

var. angustifolia 0.0008±2.51 0.08 0.0008±2.51 0.22
var. bilobata 0.0003±3.10 0.03 0.0008±2.51 0.06
var. bornensis 0.0008±2.16 0.25 0.0008±2.51 0.50
var. deltoidea 0.0008±0.66 0.60 0.0008±2.51 0.32
var. kunstleri 0.0008±3.91 0.12 0.0008±2.51 0.08
var. intermedia 0.0008±1.31 0.13 0.0008±2.51 0.23
var. motleyana 0.0008±2.00 0.03 0.0008±2.51 0.07
var. trengganuensis 0.0008±4.03 0.03 0.0008±2.51 0.15

Water extract
var. bornensis 0.0008±2.51 0.30 0.0008±2.51 0.47
var. deltoidea 0.0008±2.51 0.59 0.0008±2.51 0.21
var. intermedia 0.0008±2.51 0.08 0.0008±2.51 0.19
var. motleyana 0.0008±2.51 0.003 0.0008±2.51 0.11
var. trengganuensis 0.0008±2.51 0.02 0.0008±2.51 0.15

FD: Ficus deltoidea

Fig. 3: UV-VIS spectra of vitexin and isovitexin in the methanol and water extracts of all FD varieties. The intensities of vitexin and 
isovitexin were varied in the methanol (a and b) and water (c and d) extracts of the different varieties. FDA: FD var. angustifolia; FDB: FD 

var. bilobata; FDBN/FDBNW: FD var. borneensis; FDD/FDDW: FD var. deltoidea; FDI/FDIW: FD var. intermedia; FDK: FD var. kunstleri; 
FDM/FDMW: FD var. motleyana; FDTG/FDTGW: FD var. trengganuensis
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similar result was found for the intensity of the peaks, although there 
were some peaks whose presence and intensity varied greatly even 
within the same variety. It was found that the methanol and water 
extracts exhibited different fingerprints. These data are in agreement 
with the HPTLC profiles, where more bands were observed in the 
methanol extracts compared with the water extracts. The FTIR peaks 
are attributed to stretching and bending vibrations that characterize 
the functional groups. Because the FTIR literature data on FD is very 
limited, a direct comparison cannot be performed. As shown in the 
overall FTIR spectra of the methanol extracts, thirteen major peaks 
exist, and a similar finding was obtained for all of the varieties. The 
following peaks were found to be the most stable in the spectrum: The 
peaks at 3550-3200 cm−1 are assigned to intermolecular hydrogen 
bonds, the peaks at 2930-2850/cm are assigned to the asymmetric 
stretching of methylene (vas CH2), the peak at approximately 2925/cm 
is assigned to the symmetric stretching of methylene (vas CH2), and the 
peak at approximately 2854/cm [21]. The peaks at 1750-1735/cm are 
assigned to the C=O stretching vibration of saturated aliphatic ester, the 
peaks at 1660-1610/cm are assigned to the C=C stretching vibration of 
vinyl ether, and the peaks at 1570-1515/cm are assigned to secondary 
acyclic amides resulting from the interaction between the N-H bending 
and C-N stretching of the C-N-H group. In addition, the asymmetrical 
bending vibration of C-H bonds (δas CH3) occurs near 1450/cm, whereas 
the symmetrical bending vibration of C-H bonds (δs CH3) appears near 
1375/cm. The peaks at 1275-1200/cm are attributed to asymmetrical 
C-O-C stretching vibration, 1210-1163/cm assigned as C-O stretching 
vibration for C-C(=O)-O of saturated ester, the peaks at 1075-1020/cm 
are attributed to symmetrical C-O-C stretching vibration, and the peaks 
at 900-675/cm are assigned to out-of-plane C-H bending vibration of a 
ring hydrogen atom strongly coupled to adjacent hydrogen atoms. The 
methylene rocking vibration (ρ CH2) of straight-chain alkanes of seven 
or more carbon atoms appears at approximately 720/cm, and the peaks 
at 700-610/cm are assigned to the C-H bending vibration of alkynes. In 
contrast, for the water extracts, eight similar peaks were observed in 
the spectra of the different varieties. The peaks at 3550‑3200/cm are 
assigned to intermolecular hydrogen bonds, the peaks at 1600‑1585/cm 
and 1500-1400/cm are assigned to the skeletal vibration of mononuclear 
aromatic hydrocarbons involving C-C stretching within the ring, the 
peaks at 1570-1515/cm are assigned to the interaction between the 
N-H bending and C-N stretching of the C-N-H group of secondary acyclic 
amides, the peaks at 1275-1200/cm are attributed to asymmetrical 
C-O-C stretching vibration, the peaks at 1075-1020/cm are attributed 
to symmetrical C-O-C stretching vibration, the peaks at 900-675/cm are 
assigned to the out-of-plane C-H bending vibration of a ring hydrogen 
atom, the peaks near 720/cm are assigned to the methylene rocking 

vibration (ρ CH2) of straight-chain alkanes, and the peaks at 700-610/cm 
are assigned to the C-H bending vibration of alkynes. Thus, the significant 
difference between the methanol and water extracts is the absence of 
peaks at 2930-2850/cm, 1750-1735/cm, 1660-1610/cm, 1450/cm, 
1375/cm, 1210-1163/cm and 720/cm in the water extracts and the 
occurrence of peaks at 1600‑1585 and 1500-1400/cm in the water 
extracts that are absent in the methanol extracts.

The analysis of the spectra of eight varieties of FD leaves revealed 
that all 13 major peaks are present, with the exception of the peaks 
at 1570‑1515/cm, which are absent in the spectra of var. FD kunstleri 
(FDK) and var. FD trengganuensis (FDTG). The peaks at 1660-1610/cm 
were also absent in FDK. In addition, the water extracts of five varieties 
of FD leaves show the occurrence of all eight major peaks mentioned 
earlier. From the qualitative point of view, the main differences between 
the samples were observed in the region between 1800 and 1300/cm, 
which is known as the “fingerprint” region.

PCA was performed to establish the similarities or the differences 
between the methanol extracts of eight varieties of FD and the water 
extracts of five varieties of FD. The raw datasets were obtained from 
the FTIR spectra. The data were pre-processed using the maximum 
normalization and the spectral rotation by transforming the 
transmittance reading to the absorbance using The Unscrambler X 
software (Camo, Norway). The analysis was based on a 48 × 3311 data 
matrix assembled such that each row corresponded to the sample 
and each column represented the spectral data at a given wavelength. 
From the PCA analysis, the first two components accounted for 97% 
of the total variance for both extracts. For the methanol extracts, PC1 
accounted for 86% of the total variance and provided separation of 
the evaluated samples into two groups: FDA/FDD/FDBN (positive 
PC1) and FDTG/FDM/FDB/FDK/FDI (negative PC1) (Fig. 5a). For 
the water extracts, PC1 accounted for 76% of the total variance 
and provided separation of the sample into two groups: FDMW/
FDTGW/FDBNW/FDIW (positive PC1) and FDDW (negative PC1) 
(Fig. 5c). Taken as a whole, the peaks that exhibited varied intensity 
contributed to the clustering observed with PCA. With the use of only 
two principal components (PC1 and PC2) on the 2D-scatter plot, the 
eight varieties of FD was significantly clustered together in eight 
groups. However, the FDI, FDTG and FDB of the methanol extracts 
were very close and appeared to overlap slightly. This overlap was 
also observed in the cluster between FDK and FDM. To obtain better 
discrimination, particularly in these overlapping groups, a 3D-scatter 
plot was constructed. As shown in Figure  5b, all eight groups are 
clearly segregated without overlapping.

Fig. 4: Fourier transforms infra-red spectra of the methanol and water extracts of the different varieties of Ficus deltoidea (FD). FDA: FD 
var. angustifolia; FDB: FD var. bilobata; FDBN/FDBNW: FD var. borneensis; FDD/FDDW: FD var. deltoidea; FDI/FDIW: FD var. intermedia; 

FDK: FD var. kunstleri; FDM/FDMW: FD var. motleyana; FDTG/FDTGW: FD var. trengganuensis
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To verify the dissimilarity between the varieties, HCA was applied. 
Ward’s hierarchical clustering method and the square of the Euclidean 

distance were employed to establish the clusters and calculate the 
dissimilarity coefficients, respectively. The resulting dendrograms are 
shown in Fig. 6. The group clustering confirmed the PC analysis results. 
In the case of the methanol extracts, FD can be grouped into two major 
clusters: The first cluster only consists of FDA, and the second group was 
divided into two subgroups, namely FDD/FDBN and FDTG/FDB/FDI/
FDM/FDK (Fig. 6a). In the case of the water extracts, clear separation 
between the varieties can be observed into two major clusters: FDDW 
and FDTGW/FDMW/FDI/FDBNW (Fig. 6b). A classification based 
on the methanol extracts differs from that obtained with the water 
extracts. These data corroborate the HPTLC findings, which showed 
that more chemical constituents are observed in the methanol extracts. 
However, in any case, FTIR combined with chemometric analysis clearly 
discriminate the varieties of FD Jack.

CONCLUSION

The use of HPTLC in this work provides a simple, accurate and 
reproducible quantitative analysis for differentiating the varieties of the 
studied plant material. This system provides a powerful, flexible and 
inexpensive separation technique for the analysis of multiple samples 
at any given time. TLC remains the forerunner for obtaining the first 
characteristic fingerprint profile of an herbal sample. Thus, to assist 
the differentiation of the varieties of FD, the HPTLC technique was 
employed. Two compounds, namely isovitexin and vitexin, were suitable 
for showing the authenticity, identity and quality of the FD varieties. 
The employment of chemometric analysis to differentiate plant 
cultivars, varieties or parts has increased during the past decade. This 
study showed that it was possible to discriminate between varieties of 
FD based on a chemometric analysis of spectroscopic data. Despite the 
minimal pre-processing of the datasets, good clustering was obtained, 
and the results from PCA and HCA were found to be consistent. The 
developed chemometric profile and fingerprinting derived in this study 
can be used as a template to study other plants with similar varieties 
that exhibit high potential to be developed as new herbal medicines.

Fig. 5: Principal component analysis principal component analysis scatter plots of the methanol and water extracts of Ficus deltoidea (FD). 
(a) 2D-scatter and (b) 3D-scatter plots of the methanol extracts of FD (c) 2D-scatter and (d) 3D-scatter plots of the water extracts of FD

dc

ba

Fig. 6: (a) Hierarchical cluster analysis (HCA) dendrograms of the 
methanol extracts of Ficus deltoidea (FD). (b) HCA dendrograms of 

the water extracts of FD

b
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