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Abstract: The algae Kappaphycus alvarezii is considered an important raw material for industrial
practices, producing high economic value of various derived products. However, the quality of
this commodity, which can be indicated by the level of phenolic compounds, may vary due to
growth factors, including cultivation sites. An analytical UV-Vis spectrophotometry method coupled
with chemometrics was proposed to standardize the red alga based on the content of phenolic
compounds. The correlation between the UV-Vis spectra and UPLC-PDA results, combined with a
multivariate calibration of the K. alvarezii extracts, was analyzed. The extracts were prepared using
an ultrasound-based technique and subsequently subjected to UV-Vis spectral measurements at
200-800 nm and UPLC-PDA at 260 and 330 nm. Chemometric techniques and partial least squares
(PLS) were applied to the acquired data to build a reliable analysis of the phenolics in the K. alvarezii
extracts. The result showed that the wavelength combination of 200450 and 600-690 nm provided a
valid method for quantitative analysis of the studied phenolics that belong to hydroxybenzoic acid,
hydroxycinnamic acid, and flavonoid with a coefficient of regression (R?) > 0.96 in the calibration and
validation models, along with an RMSEC and RMSEP value < 8%. The method was then employed to
characterize the K. alvarezii samples from 13 different cultivation areas. Principal component analysis
(PCA) generated principal components that produced a clear distribution among the samples of
K. alvarezii based on phenolic compounds corresponding to the geographical origin.

Keywords: chemometrics; flavonoid; partial least squares; phenolic acid; principal component analysis

1. Introduction

Indonesia is the second-largest producer country of raw macroalgae after China,
which supplies 25% of the world’s Kappaphycus alvarezii [1]. Several Southeast Asian
countries, including Indonesia, Malaysia, and the Philippines, provide sheltered areas
favorable for the cultivation of K. alvarezii [2]. In Indonesia, the cultivation regions cover
the main islands such as Sumatra, Java, Sulawesi, Bali, and Lombok. In addition to its
common use as a raw material for the production of carrageenan and agar, K. alvarezii has
the potential to become one of the ingredients of functional foods due to the presence of
bioactive phenolic compounds [3]. Several derivatives of cinnamic acid, hydroxybenzoic
acid, and flavonoids are known to be naturally presented in K. alvarezii [4]. However,
different cultivation sites influence the composition and levels of the phenolic compounds
in K. alvarezii [5]. The fact that K. alvarezii is an essential raw material for industrial practices
endorses the necessity to develop reliable analytical methods to standardize this red alga
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based on the level of phenolic compounds. To standardize the quality of K. alvarezii,
information about the levels of total and individual phenolics could be used to establish
fingerprinting data [6].

Chromatographic techniques such as high-performance liquid chromatography
(HPLC) and ultra-performance liquid chromatography (UPLC) have been developed
for phenolic compounds determination in plant sources [7,8]. The UPLC-PDA technique
has successfully characterized the phenolic acids and flavonoids from herbal plants [9].
Additionally, the UPLC-PDA was employed to characterize and quantify the phenolic com-
pounds in K. alvarezii due to a faster separation than the HPLC. Henceforth, the analyses
can be performed in reduced time with an increase in resolution. [10].

In recent years, the Fourier transform infrared (FTIR) and ultraviolet-visible (UV-Vis)
spectroscopy techniques for data fingerprinting have attracted much attention. First, be-
cause they provide information rapidly yet reliably, and second because most organic
compounds produce signals in the IR or UV-Vis spectroscopic ranges. Moreover, their
combination with multivariate statistical analysis allows for the authentication of plant
origins [11], the detection of adulteration [12], and the prediction of food quality parame-
ters [13]. UV-Visible spectroscopy appears to be suitable for analyzing phenolic compounds
considering phenolic compounds have a strong capacity to absorb both UV and visible
radiation [14]. UV-Vis spectrophotometry is known to have better ability than FTIR as an
analytical method to authenticate and predict the content of phenolic compounds in green
tea with the help of the partial least squares (PLS) regression model [15].

The UV-Vis spectrum of plant extracts usually contains information from hundreds
of different compounds at different levels. Because of the broad absorption ranges from
individual compounds, it is not easy to find specified wavelengths showing information
from individual compounds. However, a combination of several different individual wave-
lengths can provide specific information about individual components in the samples [16].
Partial least squares (PLS) regression and principal component analysis (PCA) are the
most commonly applied methods to establish the correlation between the spectroscopic
data and specific values for individual components, as well as to develop fingerprints
allowing for characterization in food products [17,18]. PLS is known to have the higher
predictive ability of the models [19]. Therefore, this manuscript discloses the application of
multivariate calibration to correlate the spectroscopic (UV-Vis) spectra with the individual
phenolic compounds provided by the chromatographic analyses (UPLC-PDA) for the
standardization of K. alvarezii at different cultivation sites.

2. Materials and Methods
2.1. Sampling and Sample Preparation

The fresh K. alvarezii from Jepara Brackish Water Aquaculture Center was used to
build a predictive model for the studied phenolic compounds. For method application,
samples of 13 freshly harvested K. alvarezii were collected from different geographical
regions in Indonesia (Figure 1), including Sumatera (SA): Teluk Pandan (SA2); Java (J):
Pacitan (J4 and ]J5), Banyuwangi (J2 and J3), and Sumenep (J1); Bali and Lombok (BL):
Nusa Penida (B4), Lembongan (B1), and Lombok (L1); and Celebes (SI): Tanakeke island
(S17), Bantaeng (S15), Puntondo (511), and Djene Ponto (SI8). The samples were harvested
from August 2020 to January 2021. The fresh K. alvarezii samples were freeze-dried for 48 h,
ground into powder, and stored at 4 °C in a refrigerator until further treatment.

Approximately 1 g of the finely ground K. alvarezii sample was weighed. The sample
was then extracted using different conditions of ultrasound-assisted extraction (UP200St,
Hielscher Ultrasonics GmbH, Teltow, Germany) to obtain extracts that varied in the content
of phenolic compounds. The extraction conditions used are described in Table 1. Sub-
sequently, the real sample application was performed by setting the ultrasonic device at
26 kHz frequency, 100% ultrasound power (200 W), 0.6 s~! pulse duty-cycle, and 56.4 °C
extraction temperature and by employing extraction solvent 50% ethanol in water with
a solvent to sample ratio of 1:25. The obtained extract was concentrated using a rotary
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evaporator under vacuum and adjusted to 5 mL with a fresh solvent. The extract was then
passed through a 0.45 um nylon filter before being sent to the detection system.

Figure 1. Sampling illustration at the cultivation sites, Sumatera (SA): Teluk Pandan (SA2); Java (J): Pacitan (J4 and J5),
Banyuwangi (J2 and J3), and Sumenep (J1); Bali and Lombok (BL): Nusa Penida (B4), Lembongan (B1), and Lombok (L1);
and Celebes (SI): Tanakeke island (S17), Bantaeng (S15), Puntondo (S11), and Djene Ponto (S18).

2.2. UPLC-PDA

The chromatographic analyses were performed using ACQUITY UPLC H-Class equip-
ment. The UPLC system was managed by Empower 3 Chromatography Data (Waters
Corporation, Milford, MA, USA). The detector was an ACQUITY UPLC photodiode array
(PDA). The PDA was set to three-dimensional (3D) scan mode for compound identification,
capturing 40 points per second from 200 to 400 nm. In the case of compound quantification,
a two-dimensional (2D) scan of PDA at 80 points per second collection data rate at a fixed
wavelength provided maximum absorbance of the corresponding compounds (260 and
330 nm).

The separations of phenolic compounds in 3.0 pL injected samples were performed
using a reversed-phase column at a temperature of 47 °C. A particle-based (PB) column,
ACQUITY UPLC ethylene bridging hybrid (BEH, Waters Corporation, Wexford, Ireland),
was used. The PB column was 100 mm long, with a 2.1 mm inner diameter and a particle
size of 1.7 pm. The mobile phases consisted of two solvents: phase A (2% acetic acid
in water) and phase B (2% acetic acid in acetonitrile). The 4.0 min gradient program
was as follows (%B): 0-3 min, 4.1-50.2%; 3—4 min, 50.2-100%. The flow rate was set at
0.64 mL min—!. After the analysis, the columns were washed for 3 min with phase B.
The following injection was performed with 3 min to equilibrate [8].

2.3. UV=Vis Spectra Acquisition

A UV-Vis spectrophotometer (Genesys 10S UV-Vis, Thermo Fisher, Tianjin, China)
was used to measure the spectra of the K. alvarezii extracts. The spectrum was recorded
between 200 nm and 800 nm (at 1 nm intervals). Each sample was measured in duplicate.
UV-Vis spectra were exported from the Thermo Fisher UV-Vis spectrophotometer in .csv
format. The data was arranged into a matrix of 46 (sample) x 601 (absorbance) for the
calibration model and 14 (sample) x 601 (absorbance) for the real sample application.

2.4. Multivariate Calibration Analysis

The data matrix containing 46 (sample) x 601 (absorbance) was imported into Un-
scrambler x 10.4 (Camo Software AS, Oslo, Norway) for data processing and further
regression analysis. The effects of two different processing methods on the PLS regression
were compared, including the combination of smoothing with the first derivative using the
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Savitzky-Golay method with first-order polynomials through 11 smoothing second deriva-
tives using the Savitzky—Golay method with second-order polynomials through 13 points.
Prior to PLS analysis, both the raw and modified spectral data were mean-centered. The
optimum processing method was used for further analysis.

Table 1. Ultrasound-assisted conditions to prepare extracts from K. alvarezii with different concentrations of phenolic compound.

Experiment Temperature Solvent Composition = Pulse Duty-Cycle  Ultrasound Power Sample to
“O) (% Ethanol in Water) (s 1 (%) Solvent Ratio
1 35 90 0.6 100 1:20
2 35 70 0.6 100 1:30
3 35 70 1.0 60 1:10
4 35 70 0.6 20 1:10
5 35 50 0.6 60 1:10
6 35 70 0.2 60 1:10
7 35 50 1.0 60 1:20
8 35 70 0.6 100 1:10
9 35 70 0.6 60 1:20
10 35 90 0.2 60 1:20
11 35 70 0.2 60 1:30
12 35 50 0.2 60 1:20
13 35 70 0.2 20 1:20
14 35 70 0.2 100 1:20
15 35 90 1.0 60 1:20
16 35 70 0.6 60 1:20
17 35 70 1.0 60 1:30
18 35 50 0.6 100 1:20
19 35 90 0.6 60 1:30
20 35 70 0.6 60 1:20
21 35 70 0.6 60 1:20
22 35 50 0.6 60 1:30
23 35 70 1.0 100 1:20
25 35 90 0.6 20 1:20
26 35 70 1.0 20 1:20
27 35 50 0.6 20 1:20
28 35 90 0.6 60 1:10
29 35 70 0.6 20 1:30
30 35 70 0.6 60 1:20
31 60 50 0.6 60 1:20
32 60 70 0.6 60 1:10
33 60 70 0.6 100 1:20
34 60 70 0.6 20 1:20
35 60 90 0.6 60 1:20
36 60 70 1.0 60 1:20
37 60 70 0.2 60 1:20
38 60 70 0.6 60 1:30
39 10 70 0.6 60 1:10
40 10 90 0.6 60 1:20
41 10 70 0.2 60 1:20
42 10 50 0.6 60 1:20
43 10 70 0.6 20 1:20
44 10 70 1.0 60 1:20
45 10 70 0.6 100 1:20
46 10 70 0.6 60 1:30

UPLC-PDA data at 260 nm and 330 nm (Y) and UV-Vis spectra (X) were used to
create a PLS regression model to predict the phenolic compound of K. alvarezii, with the
optimum range of the selected wavelength. The Kennard-Stone technique was used to
partition the data matrices into calibration and validation sets. The calibration set was
used to construct and optimize the model, while the validation set was used to assess
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the model’s prediction performance. The performance of the model was assessed by the
parameters of the determination coefficient of calibration (R?c), cross-validation (R%cv) and
prediction (R?p), and the root mean square error of calibration (RMSEC), cross-validation
(RMSECYV), and prediction (RMSEP).

2.5. Real Sample Application

The developed PLS model was then applied to the real samples. PCA was created to
visualize the data structure based on the original group with the selected wavelength range.
On the other hand, the PLS developed model was used to predict phenolic compounds on
13 real samples. Then, PCA and CA were constructed to analyze the correlation between
geographical origin and the phenolic compound.

3. Result and Discussion
3.1. Identification of Phenolic Compounds in the K. alvarezii Extracts

The chromatographic system (UPLC-PDA) used in this study provided sufficient
separation of individual compounds in the K. alvarezii extracts. Each resulting peak in
the chromatogram was checked to identify the compound based on the full UV spectra
recorded by the PDA detection system. General identification was performed by comparing
the resulting spectra of the injected sample with the chromophore spectra of the phenolic
backbone. Two peaks were identified as derivatives of hydroxycinnamic acids (HCA1 and
HCA?2), while the others were derivatives of hydroxybenzoic acid (HBA) and flavonoid.
Because of the similarities between the UV-Vis spectra by several hydroxybenzoic deriva-
tives and flavonoid, absorbance above 350 nm was measured. The two hydroxycinnamic
acid-derived compounds were the major peaks on the extracting chromatogram at 330 nm,
and hence were quantified at this wavelength. Meanwhile, the typical channel for quanti-
fying compounds derived from hydroxybenzoic acid (HBA) and flavonoid was 260 nm.

3.2. UV-Vis Spectra of Phenolic Compounds in the K. alvarezii Extracts

Several extractions conditions, including ultrasound power, extraction temperature,
and solvent composition [20], produced extracts with different levels of individual phenolic
compounds (Table 2). A set of extracts with different levels of phenolic compounds was
needed to develop a correlation model between the UV-Vis spectra and the results from the
UPLC-PDA system. Since the chromophores of phenolic compounds have a high capacity
to absorb UV-Vis radiation, the UV-Vis spectra provide sufficient information on the specific
numbers of individual and family compounds in the extracts. Therefore, the information
recorded in the UV-Vis spectra should enable the determination of their levels in the
K. alvarezii extract samples. If this is the case, a rapid analytical technique that is simple to
apply yet has a low solvent consumption should perhaps be developed. Hence, this study
developed a rapid analytical method based on UV-Vis spectrophotometry by comparing the
spectroscopic results with those generated by the UPLC-PDA. However, the recorded data
for the full spectra from the UV-Vis spectrophotometry (Figure 2) required chemometrics
to develop the method and interpret the results.

In order to obtain a sensitive measurement, the spectral data must be selected for a
wavelength or range of wavelengths providing capability in detecting different levels of
phenolics in the extract. The spectra revealed three distinct peaks in the UV-Vis region,
with optimum absorption rangea at 200-450 nm and 600-690 nm (Figure 2), corresponding
to phenolic acid and flavonoid derivatives. Hydroxybenzoic acid and flavonol groups
demonstrated a strong single absorption band at 280 nm, while hydroxycinnamic acid
showed an absorption band around 320 nm [21].
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Table 2. Predictive performance of the PLS regression models for phenolic compounds in K. alvarezii extracts.

Phenolic Calibration Cross-Validation Prediction
Wavelength Range (nm)
Compound R%¢ RMSEC R%cy RMSECV R%p RMSEP
200-800 0.9880 7.2880 0.8769 2.2531 0.9908 6.2261
HCAL 200-380 0.9434 1.4940 0.8230 3.0557 0.9590 1.2882
200450 0.9044 8.4938 0.9578 1.4726 0.9897 7.0497
200-450, 600-690 0.9937 5.4024 0.9848 8.6694 0.9954 4.6999
200-800 0.9877 8.3960 0.9343 1.8086 0.9879 8.3820
HCA2 200-380 0.8101 2.8974 0.6689 4.4350 0.7442 3.1775
200450 0.9579 1.5240 0.8882 2.2626 0.9414 1.8079
200-450, 600-690 0.9927 6.3660 0.9875 1.0113 0.9954 5.0130
200-800 0.8958 2.9950 0.6172 6.0450 0.8894 2.9120
HBA 200-380 0.9805 1.2110 0.9104 2.9620 0.9801 1.2120
200450 0.9641 1.7560 0.8326 4.8300 0.9749 1.3830
200450, 600-690 0.9184 2.6490 0.7837 4.5820 0.9056 2.6820
200-800 0.8516 5.4100 0.5552 1.0947 0.7816 6.8770
- " 200-380 0.9662 3.1950 0.9692 8.2890 0.9625 3.1160
avonot 200-450 0.8810 5.7590 0.6185 1.0133 0.8501 6.4670
200-450, 600-690 0.8822 4.8230 0.6286 9.3500 0.8775 4.6640
200- 380 380-450 600-690

o TR TR TR W
200 213 226 239 252 265 278 291 304 317 330 343 356 369 382 395 408 421 434 447 460 473 486 499 512 525 538 551 564 577 590 603 616 629 642 655 668 681 694 707 720 733 746 759 772 785 798
Figure 2. The basic ATR UV-Vis spectra correction of K. alvarezii extracts.

3.3. K. alvarezii Description Based on the Spectroscopic Properties

A non-supervised exploratory PCA was performed on the acquired spectra by the UV-
Vis spectrophotometry method to assess the possibility of describing the data distribution
of K. alvarezii collected from 13 different growing locations. The raw data of the samples was
measured at 200-800 nm. Subsequently, the working range was selected for the wavelength
prior to the principal component analysis (PCA), employing a cluster analysis on the
resulting variables. The combined wavelength regions of 200450 nm and 600-690 nm
were then selected, thus consisting of 342 variables. From the PCA result, two components
were extracted that accounted for 95% of the variability in the original data (Figure 3).
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Figure 3. PCA score plot for spectral data of K. alvarezii collected from different cultivation sites.

On PC1, the sample from the island of Java was distributed both in the positive
(J2 and J3) and negative (J1, J4, J5) axis. This discrepancy can arise because ]2 and J3 were
collected in the Indian ocean, whereas the other samples were collected in the Java Sea. Red
algae grow naturally in sands that are frequently mixed with mud, shell fragments, or coral.
The Indian Ocean is an area of a high abundance of corals with massive waves. In contrast,
the Java Sea shelf is composed mainly of sand and mud. Therefore, the production of sev-
eral metabolites by the algae can be different due to different growing areas [22]. The score
plot revealed that the spectroscopy properties of the K. alvarezii extracts could be used to de-
scribe the distribution of the studied samples in the PC. The resulting distribution by PCA
explained four classifications representing the five large islands of Indonesia: Celebes, Java,
Bali, Lombok, and Sumatra. The 13 samples from different growing sites were 100% cor-
rectly classified into their corresponding island. The classification of K. alvarezii based on
the origin of the cultivation island might be caused by differences in the composition of the
phenolic compounds naturally present in the samples.

3.4. Calibration and Validation of PLS Regression

The correlation between the UPLC-PDA data (Y) and UV-Vis spectra (X) in a specific
wavelength range was determined using partial least squares (PLS). The regression model
was first generated using the whole data set. Then, to eliminate noise from non-essential
spectroscopic ranges, particular spectroscopic ranges were analyzed. The PLS was priorly
used in selecting the spectroscopic ranges of UV-Vis spectra corresponding to the levels of
phenolic compounds based on the UPLC-PDA data. As the X-loading weights (Figure S1)
from the PLS analysis are useful for detecting important variables, this approach extracted
the factors that allowed for more influence than using the complete spectra.

If a variable has a significant positive or negative loading weight, the variable is
important for the corresponding component. Based on the plot, it is known that the
wavelength range of 200-450 and 600-690 included important variables in the correlation
with phenolic compounds in the UPLC-PDA data. The wavelength range can therefore be
used as a critical variable in establishing a robust regression model.

The most suited model to predict the level of studied phenolic compounds was
selected based on the high value of the coefficient of determination (R?) with low error
(RMSE). The R? values greater than 0.9 indicated an excellent model, while values between
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0.8 and 0.9 were considered acceptable. Table 2 compiles the model performance of the
PLS result for some selected wavelength ranges.

PLS regression models were used to predict the levels of HCA1 and HCA?2 using UV-
Vis spectra at combined wavelength regions of 200-450 and 600-690 nm, as indicated by the
high values of R?c, R%cy, and R%p with low RMSEC, RMSECV, and RMSEP. Alternatively,
the levels of HBA and flavonoids were predicted using a combined wavelength region of
380-200 nm. Former research revealed the efficacious employment of the PLS regression
models based on UV-Vis spectra of a specific wavelength range. The selected wavelength
range was confirmed to be useful for real-world sample classification, and the developed
model can be utilized to predict the levels of phenolic acid and flavonoid derivatives [13,23].

3.5. Phenolic Compounds Measurement in K. alvarezii

The developed calibration model was applied to measure the levels of HCA1, HCA2,
HBA, and flavonoid in the studied samples from different geographical origins. This exper-
iment aimed to confirm the reliability of the proposed UV-Vis spectrophotometry method
combined with the developed PLS regression model. Table 3 shows the level of four stud-
ied compounds estimated by the proposed method in 13 samples from different growing
locations. The values to distinguish the levels of phenolic compounds indicated the predic-
tion for chromatographic responses (area of corresponding peaks) by the PLS regression
model. The table also displays the results of the mean absolute error (MAPE) calculations.
MAPE is a relative error indicator that expresses the percentage of inaccuracy in estimating
or predicting results compared to the actual results [24]. According to the table, all the
investigated compounds had a MAPE of less than 15%, indicating good predictive accu-
racy. As per the prior study, if the MAPE value is less than 10%, the method’s accuracy is
excellent, and if it is between 10% and 20%, the method’s accuracy is good [25].

To evaluate the potential of determining important compounds in each group of
cultivation sites, PCA was performed on the predicted levels of phenolic compounds in
the K. alvarezii samples. The PCA biplot of the correlation load was selected over the
conventional loading plot for a more straightforward interpretation of the correlation
between the phenolic compounds and K. alvarezii cultivation sites (Figure 4a). According
to the PCA 3D biplot, the principal components of PC1, PC2, and PC3 explained 70.35%,
17.46%, and 11.26% of the total variation of the data, respectively.

The positive axis of PC3 is represented by HCAs and flavonoid compounds, whereas
HBA compounds represent the negative axis. Two samples from Celebes, Djene Ponto
(SI8) and Bantaeng (S15), were on the PC3 negative axis, while the other two samples,
Tanakeke Island (S17) and Puntondo (S11), were in the opposite quadrant. Even though
the aforementioned four samples were originally from the same island, SI7 and S11 were
closely related to the HCA1, while SI8 and SI5 were described by the HBA derivative. The
different key compounds were most likely due to their different cultivation sites. 518 and
S15 were cultivated in a bay on the south side of Celebes Island. In comparison, SI7 and
SI1 were collected from a strait where the sea was mainly composed of karst rock. In the
synthesis of phenolic compounds, the amount of nutrients in the water is a crucial aspect.
The inadequate nutritional content of karst soil has been reported [26]. As a result, the
phenolic levels, including the HBA and HCA, were also varied.

Flavonoid is located on the positive axis of PC3. The samples from Bali and Lombok
islands were included in this specific axis. Therefore, the samples from Bali and Lombok
can be classified as flavonoid-rich samples. The islands of Bali and Lombok have excellent
K. alvarezii productivity as the cultivation sites provide a living environment that suits the
growth of K. alvarezii. Calm seas with high salinity and plenty of light are some of the
characteristics [27].

Based on PC1, the compounds of HCA derivatives were separated by positive (HCA1)
and negative (HCA2) axes altogether with samples from Java and Sumatra. This PCA result
implies that samples from Java and Sumatra can be distinguished by these HCA compounds.
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Table 3. The level of the studied phenolic compounds in K. alvarezii by the developed PLS models.
Peak Area (AU x min)
o . Sample . .
Cultivation Site Code Appearance  OTigin Island HCA1 HCA2 HBA Flavonoid
Mean + SD Mean + SD Mean + SD Mean + SD
Puntondo SI1 Sulawesi 85,704 + 53 60,718 4 56 31,615 + 21 3219 + 11
Lembongan Bl Bali Lombok 274,193 + 14 60,818 + 40 29,010 = 61 4929 +£ 14
Sumenep J1 Java 1,629,138 + 15 487,439 + 40 115,893 £+ 30 10,572 £ 9
Banyuwangi Grey ]2 Java 65,154 + 57 6086 + 10 16,203 £ 65 2232 £11
Banyuwangi Red J3 Java 784,322 4 68 116,678 + 75 144,096 + 39 10,695 + 15
Pacitan Red J4 Java 1,350,759 & 24 331,726 +£ 3 200,902 + 67 5035 £ 32
Pacitan Green J5 Java 569,466 + 14 165,605 + 24 87,646 + 59 4683 + 17
Lombok L1 Bali Lombok 2,744,097 + 69 866,786 + 77 60,167 £ 20 7916 + 49
Bantaeng SI5 Sulawesi 107,487 £+ 22 62,827 + 43 31,389 + 37 1986 + 36
Tanakeke Island SI17 Sulawesi 100,070 + 31 85,310 4+ 45 25,035 + 14 3325 4+ 58
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Table 3. Cont.

Peak Area (AU X min)

S 1 ..
Cultivation Site Code Ap;:;}.)a;ce Origin Island HCA1 HCA2 HBA Flavonoid
Mean + SD Mean + SD Mean £+ SD Mean + SD
Djene Ponto SI8 Sulawesi 50,680 + 27 4146 + 51 22,403 + 48 839 £+ 12
Nusa Penida B4 Bali Lombok 749,583 + 27 208,965 + 65 85,404 + 38 4434 + 16
Teluk Pandan SA2 Sumatera 2,678,169 +77 1,133,335 £ 40 277,646 + 43 20,782 + 58
MAPE ! (%) 12 10 9 6

I MAPE = Mean absolute percentage error of the values between the predicted peak area by the PLS model and the observed peak area in
the UPLC-PDA chromatogram.

-1.3

FLAVONOID

0.7

Component 1

Distance
w

2.2
1.2

0.2
-0.8

Component 2

27 47-18

(a)

Figure 4. Correlation of geographical origin with specific phenolic compound: (a) PCA 3D biplot and (b) dendrogram. SI:
Celebes, B: Bali, L: Lombok, J: Java, SA: Sumatra.

The cluster analysis (CA) outcomes confirmed the PCA results. As shown in the
dendrogram (Figure 4b), the hierarchical clusters clearly identified three groups. All the
samples from Celebes Island with high HBA compounds were in the first group. The
second group consisted of the flavonoid-rich samples from Bali and Lombok. The samples
from Java and Sumatra islands highly linked with HCA derivatives were in the third group.
Thereby, the developed UV-Vis spectrophotometry method combined with chemometrics
was confirmed as successfully applied to determine the quality of K. alvarezii based on
phenolic compounds corresponding to the geographical origin.
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4. Conclusions

Phenolic compounds in K. alvarezii extracts analyzed by UPLC-PDA consisted of phe-
nolic acids (hydroxycinnamic and hydroxybenzoic acids) and flavonoid. The chemometrics
were useful for developing the right relationship between the results of UV-Vis spectrome-
try and the UPLC-PDA. As combined with PLS regression based on the spectral data of the
absorption range at 200-450 nm and 600-690 nm, the UV-Vis spectrometry method has
been developed to predict the level of phenolic compounds. The basic standardization of
Indonesian K. alvarezii was then defined by the developed method that confirmed the level
and composition of phenolic acids and flavonoid that should be contained in the matrices.
Additionally, PCA generated principal components that produced a clear distribution
among the K. alvarezii samples based on the phenolic compounds corresponding to the
geographical origin. Thus, the new UV-Vis spectrometry method was demonstrated as a
reliable analytical approach to standardize the K. alvarezii samples.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.3
390/scipharm89040047/s1, Figure S1: PLS analysis X-loading weights of UV-Vis Spectra.
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