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ABSTRACT

Background: Miana (Coleus scutellarioides) is a plant from the Lamiaceae
family consisting of several varieties that are traditionally used as medicinal
materials, especially its leaves. Objectives: The study aims to
classify/discriminate miana varieties based on FT-IR spectroscopic profiles
and chemometric analysis (PCA, HCA, and PLS). Material and Methods:
There are four samples used in this study, namely purple miana, green
miana, batik miana, and combination miana (combination colour). The
powders of the four miana samples were analyzed using FT-IR
spectroscopy, then analyzed by chemometric techniques using PCA, HCA,
and PLS to see the clustering patterns and functional group markers of the
samples. Results: Based on chemometric analysis of FT-IR data, the four
species of miana leaves showed grouping based on their varieties,
respectively. The total PC value was 99.5% (PC-1 97.7% and PC-2 1.8%).
HCA analysis at a distance of 2.5 resulted in 4 groups: a (DMB, DMK, and
DMU), b (DMU and DMK), ¢ (DMU and DMK), and d (DMH). PLS
analysis using VIP scores showed C-H and C=0 groups with values > 1.
Conclusions: The combination of FT-IR and chemometrics can be applied
to discriminate miana samples in quality control and authentication of
traditional medicine raw materials. Analysis with LC-MS/MS and NMR
instruments is needed for further analysis and support compounds that have
the potential to distinguish the four miana varieties.
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INTRODUCTION

The Miana plant (Coleus scutellarioides (L.) Benth.) is a family of Lamiaceae and is one of the
ornamental plants consisting of various varieties that are famous for their attractive leaf colours and
shapes and diverse types. Traditionally, the leaves of this plant are used as a medicinal substance
(Silalahi et al., 2015; Bismelah et al., 2022; Akaputra et al., 2023; Tambaru et al., 2023). Miana leaves
contain essential oils, tannins, flavonoids, eugenol, steroids, tannins, saponins, phytol, rosmanic acid,
and quercetin (Dorr et al., 2019; Aziz et al., 2021; Bismelah et al., 2022; Akaputra et al., 2023).
Generally, miana leaves in fresh form (juice, brew, and decoction) are used to treat asthma, cough,
menstrual cycle, neutralise toxins, increase appetite, diarrhoea, and worms (Silalahi et al., 2015;
Bismelah et al., 2022; Tambaru et al., 2023).

Research related to the identification and activity testing of several types of miana leaves, such as red
miana, purple miana, and green miana has been widely explored (Ayu et al., 2018; Bismelah et al., 2022;
Akaputra et al., 2023). Differences in the colour of miana leaves indicate differences in the compounds
contained in the plant. Despite the striking color difference, it is still very difficult to distinguish the type
of miana, if it is substituted in the form of dry or powder simplicia. If this mixing occurs, it can be a
serious problem due to differences in compounds and pharmacological effects. So it is very necessary
to identify and discriminate plants that are closely related to ensure the quality, safety, and efficacy of
raw materials. Related to the discrimination of plants of several varieties is still very limited, so a way
is needed to distinguish several varieties of miana plants, especially if used as raw materials for

traditional medicine. The required discrimination method should be fast, simple, and accurate.

The current method is used in discriminating a sample by using a combination method between
spectroscopy and chemometrics. This combination of FT-IR spectral data with chemometric analysis
with the aim of identification, authentication, and discrimination of closely related plants (Kucharska-
Ambrozej et al., 2021; Umar et al., 2021; Truzzi et al., 2022; Umar et al., 2023). FT-IR spectroscopy
can be an attractive option because it can meet the analysis criteria, to measure samples quickly without
damage and analyse several components simultaneously (Truzzi et al., 2022; Umar et al., 2023a). In
addition, analysis using FT-IR spectroscopy can provide information on the prediction of compounds
by the absorption bands of functional groups that are specific to each compound, to distinguish a raw
material that has similar compounds (Kucharska-Ambrozej et al., 2021; Rafi et al., 2021; Umar et al.,
2021; Umar et al., 2023a).

The complex pattern of IR spectra makes direct and visual interpretation very complicated. To make it
easier, chemometric techniques such as multivariate analysis are required (Umar et al., 2023a).

Chemometric methods are used to find known statistical correlations of samples. Chemometric support
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expands the potential of FT-IR spectroscopy as an alternative method for analysing plant components
(Umar et al., 2016). Commonly used chemometric methods to recognise and cluster sample patterns of
both the same and different varieties are PCA, HCA, and PLS analyses (Rafi et al., 2021; Umar et al.,
2021; Truzzi et al., 2022; Umar et al., 2023b). The grouping/discrimination of miana samples based on
varieties using FT-IR and chemometric data has never been reported before, so this study aims to 1)
analyse miana varieties using FT-IR, 2) identify sample groupings using the chemometric method, and

3) identify marker functional groups that can be used to distinguish miana samples.

MATERIAL AND METHODS

Materials

Samples of green (a), purple (b), batik (c), and combined colour (purple edge green) (d) miana leaves
(Figure 1) were obtained from Salupao and Seriti villages, East Lamasi Sub-District, Luwu District,
South Sulawesi. All samples were identified in the field based on published flora specimens and
vouchers (B-235). Plant specimens are deposited at Herbarium Bogoriense, National Research and

Innovation Agency (BRIN), Cibinong, Indonesia.

Figure 1. Morphology of Miana plants: green (a), purple (b), batik (c) and combination (purple leaves with green
edges) (d).
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Methods
Sample Preparations

Sample preparation refers to Umar et al. (2023a) with slight modifications. Fresh miana leaves (the 3™
to 4™ from the tip) that have been harvested, then dried using a simplicia oven at 40 °C. The dried sample
was then pulverized and sieved. Simplicia powder from each miana sample was weighed as much as 5
mg and mixed until homogeneous with 95 mg of KBr (5 repetitions) in a mortar. The mixture of KBr
and simplicia powder was put into a pellet maker and then forged to form a disc (3 mm diameter). This

process lasted for 10 minutes approximately and then the pellets were inserted into the sample container.
FT-IR spectroscopy analysis

FT-IR spectra of the samples were scanned using an FT-IR spectrophotometer (Nicolet™ iS10 FT-IR,
Thermo Scientific™, USA), equipped with OMNIC™ software (Thermo Scientific™, USA). The
analysis method refers to the method conducted by Umar et al., (2023a) in the range of wave numbers
4000-400 cm*. This analysis was used to obtain the spectrum pattern of the sample, then the sample
wave number data and functional groups were analysed by chemometric techniques to identify,
distinguish, classify, and detect each group of functional groups that might be potential markers for

distinguishing miana varieties and functional groups from miana samples.
Data analysis

Wave number data processed from FT-IR analysis was processed using MetaboAnalyst 5.0

(https://www.metaboanalyst.ca/) for multivariate data analysis (MVDA) referring to Umar et al.

(2023a). PLS-DA (wave number as variable X and functional group data as variable Y) was used to
identify markers of functional groups among miana varieties. In addition, VVIP scores were used to filter
out potential marker functional groups in the sample. Sample normalisation using median and Pareto
scaling (data scaling) was selected for PCA and PLS-DA analysis. The MVDA results were validated
using permutation values (R? and Q?) and VIP to confirm the reliability of the PLS-DA model.

RESULTS AND DISCUSSION

The FT-IR spectrum of miana samples has differences in the number of peaks, absorbance intensity, and
wave numbers of each miana variety. The FT-IR spectrum profile of miana leaves (Figure 2) visually
has the same pattern, but there are differences in intensity, especially at peaks 1, 2, 7, 8, 9, and 10. The
absorbance intensity is very high in the purple miana sample (DMU) compared to all samples, especially
the vibration of the —OH (phenol) group at 3200-3500 cm* (peak 1) (Rohman et al., 2021; Umar et al.,
2023a). Peak 2 (3000-2850 cm?), showing vibrations of C—H groups (alkanes) (Puhan, Casford, &
Davies, 2023). S=O (sulfone) group identified in the range of 1375-1300 cm (peak 7) (Rogulska,
2023). Functional group of C—O (alcohol) in the range of 1300-1000 cm™ (peak 8) (Liu et al., 2023a).
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In addition, the difference is found in the 1000-650 cm absorption band (peak 9 and 10), green miana
and purple miana indicated the vibration of the =CH (aromatic) group (Maurya, Singh, & Rastogi, 2023)

which is not found in miana batik and miana combined.
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Figure 2. FT-IR spectra of purple miana (DMU), combined miana (DMK), green miana (DMH), and batik miana
(DMB) samples in the wave number range 4000-400 cm™2.

The results of PCA analysis are presented in Figure 3, obtained a PC-1 value of 97.7% and PC-2 of
1.8%. So in accumulation, from the results of PCA analysis using data on purple, combined, green, and
batik miana leaf samples at wavelengths of 4000-400 cm™ can explain the total variable of 99.5% of
the sample data set. If the number of PC-1 and PC-2 is greater than 70%, then the results of the principal
component plot show two dimensions of good sample discrimination (Tew et al., 2022; Zhan et al.,
2022a; Zhang et al., 2022). PCA is a method often used in modelling the discrimination of closely related
plants that belong to the unsupervised pattern recognition technique. The PC value provides information
about the pattern contained in the sample. Plots for two initial PC values are usually most useful in
analyses because these two PCs contain the most variation in the data (Kautsar et al., 2021; Rohman et
al., 2021; Hegazi et al., 2022; Joshi et al., 2022; Losso et al., 2022; Zhan et al., 2022b). The PCA model
has also been applied in differentiating three varieties of Theobroma cacao (Collazos-Escobar et al.,

2023), Triticum aestivum (Liu et al., 2023b), Brassica oleracea (Langston et al., 2023).
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Figure 3. PCA score plots for principal components 1 (PC 1) and 2 (PC 2) of batik miana (DMB), green miana
(DMH), combined miana (purple leaves with green edges) (DMK), and purple miana (DMU) using FT-IR wave
number data.

Dendrogram results obtained from purple, combined, green, and batik miana leaf samples are divided
into 4 groups (&, b, ¢, and d) at a distance of 2.5 (Figure 4). The first cluster (a) contained green miana
(DMH), combined miana (DMK), and purple miana (DMU). Clusters two (b) and three (c) include
combined miana (DMK) and purple miana (DMU). These results indicate that these samples have more
similar physico-chemical profiles reflected in the infrared spectra. Meanwhile, the fourth cluster (d)
contains batik miana (DMB). Clustering detection using the HCA model showed that discrimination
between samples of the four miana leaf varieties was possible. Hierarchical cluster analysis (HCA) using

dendrograms is carried out to observe similarities or differences between samples (Umar et al., 2023a).
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This HCA method has been widely applied to identify samples based on sample differences and
similarities, especially in the same genus and species (Umar et al., 2023b). Unsupervised Hierarchical
Cluster Analysis (HCA) is a complement to PCA analysis. HCA is applied to determine the similarities
and dissimilarities between each experimental sample. Samples with similar variables in the investigated
variable are matched in the same cluster, but samples that show the highest dissimilarity are organized
in another cluster (Idris et al., 2023). The HCA model has also been widely applied in discriminating
samples such as Artemisia argyi varieties (Zhang et al., 2023), Ocimum species (Rai et al., 2023), and
Codonopsis species (Liu et al., 2023c).
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Figure 4. Dendrogram of sample varieties of batik miana (DMB), green miana (DMH), combination miana
(DMK), and purple miana (DMU).
The results of the heatmap analysis of the four samples are presented in (Figure 5) using sigmoid curves
(s-plot) and OPLS-DA. The colour intensity of the samples ranges from red (high) to blue (low),
indicating the high and low intensity of the functional groups in each miana sample. Each row represents

a functional group, and each column represents a sample. The heatmap results show that the green miana
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sample (DMH) has high peak absorbance intensity in the =CH, C=C, and C=0 groups. C=C groups in
DMU, DMB, DMH, and DMK. Heatmap analysis has been widely applied in identifying the abundance
of functional groups and compounds in a sample (Mashiane et al., 2021; Umar et al., 2023a). Heatmaps
illustrate the abundance of functional groups and compounds from each group of samples and can also
be applied in grouping samples based on variety (Sachadyn-Krél, Budziak-Wieczorek, & Jackowska,
2023; Umar et al., 2023a).
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Figure 5. Heatmap between samples and functional groups of batik miana (DMB), green miana (DMH),
combined miana (DMK), and purple miana (DMU) leaf samples. The colour bar (right) shows the intensity of
the high (red) to low level (blue).

The results of the VIP score analysis are presented in Figure 6, showing the discriminant features
identified using the PLS-DA model that were selected based on the scores of important variables that
can be used as marker (discriminating) functional groups. The marker function clusters can be used to
discriminate between the four miana varieties. A higher VIP value means it has a greater difference from
other functional groups for varietal-level sample classification (Liu et al., 2023d). Features with a VIP
score > 1 are considered important discriminators between samples, especially on functional groups and
chemical compounds (Mashiane et al., 2021; Nguyen et al., 2023; Umar et al., 2023a). Discriminative
functional groups of batik miana leaves, green miana leaves, combined miana leaves, and purple miana
leaves with a VIP score > 1 include: C=0 and C-H groups. The colour scale (right) indicates high to
low intensity, red indicates higher absorbance intensity while blue indicates lower intensity. The VIP
results show that the C=0 stretching group was identified to have the highest intensity in the green
miana leaf sample, while the C=0 stretching group and C—H bending were identified to be the highest

in the purple miana leaf sample compared to the other samples.
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Figure 6. VIP scores of the functional groups of batik miana, green miana, combined miana, and purple miana
leaf samples with intensity based on a colour scale from red (high) to blue (low).

CONCLUSION

Based on the research can be concluded that visually, the FT-IR spectra profiles of the miana species
are identified as the same. The results of PCA, HCA, and OPLS-DA can discriminate the leaf samples
of batik miana, green miana, combined miana, and purple miana. The total PCA value is 99.5% of the
sample data set. HCA model, the miana samples are divided into four clusters, namely: a (DMB, DMK,
and DMU), b (DMU and DMK), ¢ (DMU and DMK), and d (DMH). The VIP score shows that the C=0
group has the highest intensity in the green miana leaf sample, while the C=0 stretch 1 and C—H bending
groups are identified highest in the purple miana leaf sample compared to other samples. The
combination of FT-IR spectroscopy and chemometric methods can be applied for miana variety
discrimination. We conclude that the employment of pattern recognition algorithms is a useful tool,
particularly for usage in the traditional medicine industry, for the characterisation and differentiation of

miana species more specifically and medicinal plants in general. The use of FT-IR only identifies
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functional groups so that in the future a combination with LC-MS/MS and NMR instruments is needed

to identify compounds that contribute to discriminating miana samples.
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