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ABSTRACT

Sonchus arvensis, or known locally in Indonesia as tempuyung, is
acknowledged to have many biological activities, including antioxidant
activity. This study aimed to cluster the leaves extracts based on the
extracting solvent and to determine functional groups that significantly
contribute to the antioxidant activity. From the water, 10%, 30%, 50%, 70%
ethanol, and absolute ethanol extracts, we analyzed the total phenolics
content (Folin-Ciocalteu method), antioxidant activity (DPPH method), and
the FTIR spectra. The 70% ethanol extract exhibited the highest total
phenolics and antioxidant activity. The extracts were grouped based on the
extracting solvent using the principal component analysis (PCA) with 95%
total variance from its principal component 1 and 2. The partial least square
(PLS) regression was employed for finding a functional group that are
responsible for the antioxidant activity in the sample extract. PLS regression
predicted that the -OH and the C-O groups attributed to the phenolic
compounds give a significant contribution to the antioxidant activity of the S.
arvensis leaf extracts.
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INTRODUCTION

Sonchus arvensis, or tempuyung in
Indonesian, is a medicinal plant that belongs to the
Asteraceae family and mainly grows wild. S.
arvensis has been widely used as traditional
medicine and vegetable in Indonesia and China.
Traditionally, it is used to treat bladder stones,
abscesses, cough, asthma, fever, and inflammation,
and for detoxification and improving blood
circulation (Sukmayadi et al., 2014; Li et al., 2018).
S. arvensis is known to have some biological
activities such as antioxidant, antibacterial, anti-
fatigue, hepatoprotective, kidney-protective, and
inhibition of the xanthine oxidase enzyme (Xia et
al.,,2011; Khan 2012; Alkreathy et al., 2014; Yuan et
al,, 2019; Trivadila et al, 2020). Various active
components are present in S. arvensis such as
phenolic acids, flavonoids, sesquiterpene lactones,

steroids, glycerates, and quinic acid esters (Li et al.,
2018). The phenolic acids and flavonoids include
gallic acid, orientin, routine, luteolin, kaempferol,
myricetin, catechins, and quercetin (Khan 2012;
Seal 2016).

Phenolic acids and flavonoids are known to
have significant antioxidant activity. The biological
activity level depends on the composition and
concentration of the bioactive compounds present
in medicinal plants. Location of growth and climatic
conditions (such as soil texture, moisture, and light
intensity), harvesting, processing, storage, part of
the plant, and extraction methods will affect the
composition and concentration of extracted
metabolites (Verawati et al, 2016; Tanamal et al.,
2017). Also, the type and concentration of the
extracting solvent can affect the level of extracted
metabolites. Water, ethanol, and their mixtures are
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primarily used to extract polar compounds such as
phenolics, and these solvents are also good in
extracting metabolites (Boeing et al., 2014).

There has been a growing interest to use
metabolomics for evaluating the effect of various
extracting solvents on the extracted metabolites.
Based on the quantity of data and the number of
detected metabolites, the metabolomics can be
classified into three categories: targeted metabolite
analysis, metabolite profiling, and metabolite
fingerprinting. The metabolite fingerprint analysis
is often used to evaluate the metabolites' changes
in various circumstances (Sajak et al.,, 2016). The
metabolite fingerprint analysis indicates all
metabolites' signals in a sample and can be
correlated with a biological activity to predict the
functional groups belonging to a compound that
contributes to the biological activity. Metabolite
fingerprint analysis can use data such as FTIR
spectra or chromatograms of the total composition
without identifying the individual constituent
(Krastanov, 2010).

FTIR spectroscopy offers many advantages
and meets efficient analysis criteria, such as being
easy-to-use, non-destructive, fast, and inexpensive
(Bunaciu etal., 2011). FTIR spectra profile is a very
complex and direct visual inspection to see changes
in the number of extracted metabolites is not easy;
thus, it requires the help of a chemometric analysis
to determine these changes (Gad et al., 2012). The
combination of FTIR spectra and chemometric
analysis such as principal component analysis
(PCA) for grouping plant extracts with various
extracting solvents has been carried out for
legumes (Diblan et al, 2018), Smallanthus
sonchifolius (Aziz et al, 2020), and Guazuma
ulmifolia (Rafi et al., 2020).

A combination of FTIR spectra and partial
least square (PLS) regression could predict
functional groups that have a significant role in
certain biological activities, such as antioxidants.
This combination has been used for the
characterization and identification of functional
groups of compounds that correlate with a-
glucosidase inhibition of Salacca zalacca (Saleh et
al.,, 2018) and Tetracera scandens (Nokhala et al.,
2020), also antioxidant activity of Momordica
charantia fruit (Khatib et al., 2017). Juliani et al.
(2016) also reported a correlation between the
antioxidant activity and a-glucosidase inhibition
from the extract and fraction of Orthosiphon
aristatus. However, there has been no report on
clustering S. arvensis leaf extracts using FTIR
spectra and chemometrics analysis and correlation
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with their antioxidant activity. Therefore, this
research aimed to classify S. arvensis extract using
different extracting solvents and to predict
functional groups from extracted metabolites that
have significant antioxidant activity using FTIR
spectra combined with chemometric analysis. In
this study, we macerated the sample with ethanol,
water, and ethanol-water mixtures to analyze the
effect of different extracting solvents on the
extracted metabolites. Principal component
analysis was applied to see the clustering of the
extracts based on the different extracting solvent,
while partial least square was applied to predict
functional groups of the antioxidant compounds
present in the extracts.

METHODS AND MATERIALS

Tropical Biopharmaca Research Center
(TropBRC) IPB University, Bogor, Indonesia,
provided the leaf samples. After identifying the
samples in Herbarium Bogoriense, Research Center
for Biology, Indonesian Institute of Sciences, we
stored the voucher specimens in TropBRC. Ethanol
was purchased from Merck (Darmstadt, Germany).
Gallic acid, Folin-Ciocalteu reagent, sodium
carbonate, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
ascorbic acid, and  potassium bromide
spectroscopy grade were obtained from Sigma-
Aldrich (St. Louis, MO, USA).

Sample preparation and extraction

The samples were cleaned from the soil and
other impurities by a thorough wash with water,
dried in a 40°C in the oven, and pulverized. About
10g of sample powder was added with 150mL of
water and macerated for 48h with occasional
stirring. We performed the extraction in triplicates.
Other extracting solvents used were ethanol in
different concentrations: 10%, 30%, 50%, 70%,
and absolute, using a similar procedure to that for
extraction using water. The filtrate was collected,
concentrated using a rotary evaporator, and freeze-
dried. The dried extracts were then ready for
further analysis.

Determination of total phenolic content
Determination of the total phenolic content
followed the Folin Ciocalteu procedure. We used
the procedure described by Kruawan and
Kangsadalampai (2006). About 10puL of the extract
was added with 160uL distilled water, 10uL of 10%
Folin Ciocalteu reagent (dissolved in distilled
water), and 20uL of 7.5% NaHCOs. After incubating
the mixtures for 30min in a dark room, the
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absorbance was measured at 765nm in a
microplate reader (Epoch-Biotek, Winooski, USA).
The calibration curve was established with a
concentration series of gallic acid in ethanol at 10,
30, 50, 70, 100mg/L. The total phenolic content
was expressed as gallic acid equivalent (GAE) in
dried powder sample weight (mg GAE/g dried
powder).

Determination of antioxidant activity

DPPH method was used to determine
antioxidant activity using a procedure used by Rafi
et al. (2018). Approximately 200uL of the extract
solution was taken and put into 96-well plates and
added with 100uL. DPPH 0.3mM, then incubated for
30min in a dark room. The absorbance of the
mixture was later measured using a microplate
reader (Epoch-Biotek, Winooski, USA) at 517nm.
We used a concentration range between 5 and
150pg/mL for the extract solutions and
ascorbic acid as a positive control. The antioxidant
activity was reported as ICso based on the
calculation using the correlation curve between the
concentration and the percentage of inhibition on
DPPH radicals.

Acquisition of FTIR Spectra

Approximately 2mg of sample extract was
mixed with 200mg KBr and pressed into the disc
using a manual press for 10min. The disc was
placed in the Tensor 37 FTIR spectrophotometer
(Bruker Optik GmBH, Ettlingen, Germany).
Deuterated triglycine sulfate (DTGS) was used as
the detector. FTIR measurement was made in the
region of 4000-400cm-! with a resolution of 4 cm!
and 32 s/min operated by OPUS 4.2 software
(Bruker Optik GmBH, Ettlingen, Germany). FTIR
spectra were stored as a data point table.

Data analysis

The experimental data were collected in
triplicate measurements and reported as mean *
standard deviation. Statistical comparisons were
performed using a one-way analysis of variance
(ANOVA) followed by the Duncan test, with a
significant difference was defined at the 95%
confidence level (p<0.05).

Before being used to cluster the sample
extracts and correlate with the antioxidant activity,
FTIR spectra were preprocessed using standard
normal variate (SNV). The absorbance data used
for grouping the extracts were within 3200-
2800cm™ and 1800-400cm regions. Clustering
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the extracts according to the extracting solvents
was performed using PCA.

Identification of functional groups that gave
a significant contribution to the antioxidant activity
was performed using PLS regression analysis by
taking a correlation between the FTIR spectra and
the ICso values of the antioxidant activity. We
employed Unscrambler X version 10.1 (CAMO,
Oslo, Norway) for running the PCA and PLS
regression analysis.

RESULTS AND DISCUSSION
Yield of extracts

The yields from six different extracting
solvents: water, 10%, 30%, 50%, 70% of ethanol,
and absolute ethanol (Table I). Maceration in 10%
ethanol gave the highest yield (21%), followed by
water, 30% ethanol, 50% ethanol, 70% ethanol,
and ethanol. The obtained result indicated that
phytochemicals present in S. arvensis are polar to
semi-polar. We found that from the analysis of
variance, different extracting solvents affected the
extract yields. The yields of water extract and
10-50% ethanol extracts were not significantly
different (p<0.05), while those from 70% ethanol
and absolute ethanol differed significantly from the
more dilute ethanol extracts. This result suggests
that the type and the concentration of the extracted
compounds depend on the extracting solvent.

Total phenolics content

Phenolic compounds in a plant may include
phenolic acids, flavonoids, anthocyanins, lignin,
and tannins. Phenolic compounds are the
predominant secondary metabolites in terrestrial
plants. The phenolic compound is generally known
to have antioxidant properties through reduction,
free radical scavengers, metal chelators, and
electron donor mechanisms (Camargo et al., 2016).
However, not all phenolic compounds have
potential antioxidative properties (Haq et al,
2011). Khan (2012) reported that S. arvensis leaves
have antioxidant compounds that belong to the
phenolic class.

Total phenolic content was determined
using the Folin-Ciocalteu method. Folin-Ciocalteu

reagent reacts specifically with the
phenolic compounds. The reagent, which
was originally yellow, turns blue upon

reaction as the aromatic rings of the phenolic
compounds reduce phosphomolybdate-
phosphotungstate in the Folin-Ciocalteu reagent
to blue molybdenum (Buyuktuncel etal.,, 2014).
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Table I. Extraction yields, total phenolic contents, and antioxidant activities of S. arvensis extracts

Extracting Extraction yield Total Phenolic Content (mg Antioxidant activity

Solvent (%) GAE/g dried powder) (ICso, pg/mL)
Distilled water 20.359+1.39 59.7512+3.86 133.746f+0.60
10% Ethanol 20.514+0.33 134.540°+0.64 119.060¢+1.99
30% Ethanol 17.35¢£1.53 87.750v+1.25 98.8044+1.21
50% Ethanol 15.92¢+1.23 252.9524+0.20 89.371¢+0.74
70% Ethanol 9.21+0.42 269.453¢£14.19 22.0172+£2.03
Absolute Ethanol 6.732+1.762 216.819+3.78 29.576P+2.03

The reported values are mean * SD of the triplicate assay for each sample. The mean + SD within each extract in the
same column followed with different subscript letters represent significant differences at p < 0.05

Table II. The identified functional groups in S. arvensis leaves extracts

Wavenumber (cm-1)

Functional Groups

3500-3300
2930-2820
1740-1720
1600-1500
1467
1380-1270
1027-1070
735-727

-OH
-CH sp?
-C=0 aldehyde
-C=C aromatic
-CH sp3
-OH phenolic
-CO
-CH aromatic

Determination of the total phenol levels is based on
the ability of the phenolic compounds to prevent
oxidation reactions; hence it is suspected that there
is a close relationship between the total phenolic
contents and their antioxidant activity (Djapiala et
al, 2013).

The extracts' total phenolic contents ranged
from 60 to 270 mg GAE /g dry extract (Table I), with
the highest was in the 70% ethanol extract. The
total phenolic contents from the highest to the
lowest were 70% ethanol > 50% ethanol > ethanol
> 10% ethanol > 30% ethanol > water extracts. The
extracts' total phenolic contents showed a
significant difference between solvents at a 5%
confidence level. Based on these results, 70%
ethanol is the most efficient solvent for extracting
phenolic compounds from S. arvensis leaves.

Antioxidant activity of S. arvensis extracts

DPPH method offers some advantages for
determining antioxidant activities of the extracts,
such as rapid yet straightforward analysis and
provides information on the sample reactivity
towards stable DPPH radicals. Antioxidants' ability
to scavenge the DPPH radicals is known from the
change of the purple DPPH color to yellow due to
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the electron transfer reaction. In this study, we
reported the level of antioxidant activity as ICso,
with the low ICso indicates high antioxidant activity.

The extracting solvent gave a significant
difference in the antioxidant activity level (Table I).
We found the highest antioxidant activity was from
70% ethanol extract with an ICso of 22ug/mL,
followed by 50%, 30%, 10% ethanol, and water
extracts. In other words, by using 70% ethanol, we
could get greater amounts of extracted antioxidant
compounds than other extracting solvents.
Furthermore, all extract antioxidant activities were
significantly different among solvents at a 5%
confidence level, meaning that all extracts might
contain a different concentration of antioxidant
compounds. Hence, using extracting solvents with
different polarities could give different levels of
antioxidant activity.

Molyneux (2004) classifies antioxidant
activity based on the ICso as follows: very strong if
the 1Cso <50 pg/mL, strong if in the range 50pg/mL
< 1Cs0 <100 pg/mL), moderate if 100pg/mL < ICso >
150 pg/mL, weak if 150pg/mL <ICso >200pg/mlL,
and very weak if the ICso > 200 pg/mL. According
to this classification, the antioxidant activities
of the extracts were moderate to very strong.
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Figure 1. FTIR spectra of S. arvensis leaf extracts with six different extracting solvents, (a) water, (b) 10%
ethanol, (c) 30% ethanol, (d) 50% ethanol, (e) 70% ethanol, and (f) absolute ethanol.
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Figure 2. PCA score plot of S. arvensis leaf extracts: water (H), 10% ethanol (@), 30% ethanol (A), 50%
ethanol (¢), 70% ethanol (+), and absolute ethanol (0)

The water and 10% ethanol extracts were classified
as moderate. The 30% and 50% extracts and the
other two extracts (70% ethanol and ethanol) were
classified as strong and very strong, respectively.
There is a clear correlation between the total
phenol and the antioxidant activity; a high
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concentration of phenolic compounds correlates
positively with the antioxidant activity (Meenakshi
et al. 2009). The experimental data followed the
statement above, showing that the 70% ethanol
extract had the highest phenolic content and the
lowest ICso value.
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FTIR spectra interpretation

The FTIR spectra provide a distinct profile
that describes the signals resulting from the
vibration and rotation of extracted metabolites
from a sample, also known as fingerprint analysis.
Different extracts will display different spectral
patterns (Easmin et al., 2016). Figure 1 shows the
FTIR spectra of all extracts. All of the extracts offer
almost similar patterns except that for the absolute
and 70% ethanol extracts. The latter two extracts
revealed a slightly shifted absorption from the
wavenumber of 1726cm? to 1730cml. The
noticeable difference for the entire FTIR spectra
lied in the absorbance intensity only.

A similar pattern of all FTIR spectra
indicates  that the extracted metabolite
compositions were not significantly different,
except for concentration level. The difference in
concentration levels will affect its biological
activity, such as antioxidant activity. Table II
demonstrates the functional groups identified in all
extracts. The hydroxy-functional group was
identified in all extracts from absorption at a
wavenumber around 3400cm-1. The absorption of
the phenolic functional group was at
1380-1270cm! and C—O absorption was within
the wavenumber of 1027-1070 cm-1.

Clustering of extract constituents

PCA analyzed the extracts from six
extracting  solvents  to ensure  further
differentiation in the composition and extracted
metabolites' levels. The PCA works by reducing a
variable into a new set of variables, called the
principal component (PC). This PC is a linear
combination of the spectrum data variables and
contains the most relevant information
(Rachmawati et al., 2017). PC is depicted in the
form of a score plot, a projection of several objects
onto two PCs, and is an excellent way to find
similarities or differences between samples
(Masoum et al., 2014). The score plot shows that
the closer a sample is to another, the greater the
similarity between these samples’ metabolite
profiles (Purwakusumah et al,, 2014). PCs often
used in the PCA analysis are the two initial PCs,
namely PC1 and PC2. The PC1 is the main
component representing the most considerable
variance in the data set, while the PC2 is the main
component with residual variations based on the
PC1 point of view (Masoum et al., 2014).

Preprocessing of FTIR spectra is necessary
before the PCA analysis. Preprocessing can
overcome noise and other interferences on the
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spectrum data to improve the grouping result
accuracy without reducing the analytical
information. The standard normal variate (SNV)
was used as a preprocessing step in this work. SNV
is the most used for spectroscopic data and works
by eliminating the scatter effect by centering and
scaling the individual spectrum (Kusumaningrum,
2017).

The absorbance data used for clustering the
extracts were in the range of 3200-2800cm™ and
1800—400cm! wavenumbers. The selection of
these regions provides specific information on the
absorbances, and the 1800-400cm regions were a
unique fingerprint area for each sample. Figure 2
showed the PCA score plot using two principal
components accounting for 95% of the total
variance with PC1 and PC2, explaining 79% and
16% of the total variance, respectively. Based on
the score plot, all extracts were clustered into their
respective groups. This plot clarifies the
similarities and differences in the FTIR spectrum of
the extract; the closer one group is to another, the
greater the similarity in composition and level of
extracted metabolites. It shows that the 30% and
50% ethanol extracts, also 70% and absolute
ethanol extract were close to one another,
suggesting that the levels of extracted metabolites
were not varied significantly.

Correlation of FTIR spectra and antioxidant
activity

The metabolite functional groups in the
extracts that significantly contributed to the
antioxidant activity level were determined using a
partial least square (PLS) regression. The PLS
model was carried out using two data sets: the FTIR
spectrum absorbance variable as the independent
variable (X) and the ICso value of antioxidant
activity as the response variable (Y). The data on
PLS were given the same preprocessing treatment
as in the PCA. From the PLS regression analysis, a
regression coefficient plot was obtained, which
provides information on the metabolite functional
groups that significantly contribute to the
antioxidant activity.

The amount of antioxidant metabolites in
the extracts affected the resulting antioxidant
activity. The regression coefficient plot (Figure 3)
illustrates the functional groups with the most
contribution from an antioxidant compound. This
plot provides information about the importance of
variable X to variable Y. The functional group that
contributes significantly will have a negative
regression coefficient value (Guo et al. 2017).
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Figure 3. Regression coefficient plot of S. arvensis leaves extracts

The functional groups that gave negative values
were -OH at wavenumbers of 3500-3300 cm-! and
1205-1124 cm, which was the stretching
vibration of the C-O bonds from the resulting
regression plots. Based on the identified functional
groups, namely —-OH and C-0, which are typical for
phenolic compounds, we suggest that phenolic
compounds play a significant role in the level of
antioxidant activity.

CONCLUSION

The type of extracting solvent affected the
FTIR spectra profile and the antioxidant activity.
The spectra were similar amongst the solvents. The
70% ethanol extract gave the highest total phenolic
content and the uppermost antioxidant activity.
Using the PCA, all extracts were clustered
according to their respective groups with a total
PC1 and PC2 of 95%. Based on the PLS analysis, the
predicted functional groups that contributed to the
antioxidant activity of S. arvensis leaf extracts were
—OH and C-0, ascribing the phenolic compounds.
Therefore, the FTIR-based fingerprinting with
chemometrics could be used for clustering and
characterizing the antioxidant activity of the S.
arvensis leaf extracts.

ACKNOWLEDGEMENT

The authors gratefully acknowledge this
research's financial support under the Penelitian
Dasar Unggulan Perguruan Tinggi grant (No
4016/1T3.L1/PN/2020) from the Ministry of
Research, Technology, and Higher Education, the
Republic of Indonesia.

REFERENCES

Alkreathy HM., Khan RA. Khan MR, Sahreen S,
2014. CCls induced genotoxicity and DNA
oxidative damages in rats: hepatoprotective

138

effect of Sonchus arvensis. BMC Complement.
Altern. Med. 14: 452-458.

Aziz 7. Yuliana ND., Simanjuntak P. Rafi M,
Abdillah S., 2020. FTIR and HPLC-based
metabolomics of yacon leaves extracts
(Smallanthus sonchifolius [Poepp & Endl.] H.
Robinson) from two locations in Indonesia.
Indones. J. Chem. 20(3): 567-578.

Boeing ]S., Erica OB., Beatriz CS., Paula FM., Vitor
CA., Jesui VV., 2014. Evaluation of solvent
effect on the extraction of phenolic
compounds and antioxidant capacities from
the barriers: application of principal
component analysis. Chem. Cent. J. 8: 48.

Bunaciu AA., Aboul-Enein HY., Fleschin S., 2011.
Recent applications of Fourier transform
infrared spectrophotometry in herbal
medicines analysis. Appl. Spectrosc. Rev.
46(4): 251-260.

Buyuktuncel E. Porgali E., Colak C., 2014.
Comparison of total phenolic content and
total antioxidant activity in local red wines
determined by spectrophotometric
methods. Food Nutr. Sci. 5(1): 1660-1667.

Camargo JM., Dunoyer AT., Garcia-Zapateiro LA.,
2016. The effect of storage temperature and
time on total phenolics and enzymatic
activity of sapodilla (Achras sapota L.). Rev.
Fac. Nac. Agron. 69(2): 7955-7963.

Diblan S., Kadiroglu P., Aydemir LV., 2018. FT-IR
spectroscopy characterization and
chemometric  evaluation of legumes
extracted with different solvents. Food
Health 4(2): 80-88.

Djapiala FY., Montolalu L., Mentang F., 2013.
Kandungan total fenol dalam rumput laut
Caulerpa racemosa yang berpotensi sebagai
antioksidan. Med. Teknol. Has. Perikan.
1(2):1-5.

Volume 32 Issue 2 (2021)



Mohamad Rafi

Easmin S., Sarker MZI., Ghafoor K., Ferdash S., Jaffri
J., Ali ME., Mirhosseini H., Al-Juhaimi FY.,
Perumal V., Khatib A, 2016. Rapid
investigation of a-glucosidase inhibitory
activity of Phaleria macrocarpa extracts
using FTIR-ATR based fingerprinting. J. Food
Drug Anal. 25(2): 306-315.

Gad HA., El-Ahmady SH., Abou-Shoer MI., Al-Azizi
MM., 2012. Application of chemometrics in
authentication of herbal medicines: a
review. Phytochem. Anal. 24: 1-24.

Guo S, Yu S, Qian Y., Hu M., Shan M., Chen P., Chen
Y., Zhang L., Ding A, Wu Q. Li S, 2017.
Correlation of antioxidant activity and
volatile oil chemical components from
Schizonepete tenufolia herbs by
chemometric method. Int. ]J. Food Prop.
51(20): 1082-1092.

Haq M. Sani W. Hossain ABMS. Taha RM,,
Monneruzzaman KM., 2011. Total phenolic
contents, antioxidant and antimicrobial
activities of Bruguiera gymnorrhiza. ]. Med.
Plants Res. 5(17): 4112-4118.

Juliani, Yuliana ND., Budijanto S., Wijaya CH., Khatib
A, 2016. Senyawa inhibitor a-glukosidase
dan antioksidan dari kumis kucing dengan
pendekatan metabolomik berbasis FTIR. ].
Teknol. Ind. Pangan. 27(1): 17-30.

Khan RA. 2012. Evaluation of flavonoids and
diverse antioxidant activities of Sonchus
arvensis. Chem Cent. J. 6: 126-132.

Khatib A., Perumal V., Ahmed QU., Uzir BF., Abas F.,
Murugesu S., 2017. Characterization of
antioxidant activity of Momordica charantia
fruit by infrared based fingerprinting. Anal.
Lett. 50(12): 1977-1991.

Krastanov A., 2010. Metabolomics-the state of art.
Biotechnol. Biotechnol. Equip. 24(1): 1537-
1543.

Kruawan K., Kangsadalampai K., 2006. Antioxidant
activity, phenolic compound contents and
antimutagenic activity of some water extract
of herbs. Thai J. Pharm. Sci. 30: 28-35.

Kusumaningrum D., Lee H., Lohumi S., Mo C., Kim
MS.,, Cho BK, 2017. Non-destructive
technique for determining the viability of
soybean (Glycine max) seeds using FT-NIR
spectroscopy. J. Sci. Food Agric. 10:1002-
8646.

Li XM., Yang PL. 2018. Research progress of
Sonchus species, Int. ]. Food Prop. 21(1):

147-157.
Masoum S., Mehran M. Ghaheri S., 2014.
Identification of potential antioxidant

Volume 32 Issue 2 (2021)

compounds in the essential oil of thyme by
gas chromatography with mass
spectrometry and multivariate calibration
techniques.]. Sep. Sci. 38(3): 1-20.

Meenakshi S., Gnanambigai D., Mozhi S., Arumugam
M., Balasubramanian T. 2009. Total
flavonoid and in vitro antioxidant activity of
two seaweeds of Rameshwaram Coast.
Global J. Pharm. 3(2): 59-62.

Molyneux P. 2004. The use of the stable free radical
diphenylpicrylydrazyl (DPPH) for
estimating antioxidant activity.
Songklanakarin J. Sci. Technol. 26 (2): 212-
218.

Nokhala A., Ahmed QU., Saleh MSM., Nipun TS,
Khan  AYF, Siddiqui M], 2020.
Characterization of a-glucosidase inhibitory
activity of Tetracera scandens leaves by
Fourier transform infrared spectroscopy-
based metabolomics. Adv. Trad. Med. 20:
169-180.

Purwakusumah ED., Rafi M., Syafitri UD., Nurcholis
W., Adzkiya MAZ. 2014. Identifikasi dan
autentikasi jahe merah menggunakan
kombinasi spektroskopi FTIR  dan
kemometrik. Agritech. 34(1): 82-87.

Rachmawati, Rohaeti E. Rafi M., 2017.
Combination of near infrared spectroscopy
and chemometrics for authentication of taro
flour from wheat and sago flour. J. Phys.
Conf. Ser. 835: 012011.

Rafi M., Febriany S. Wulandari P., Suparto IH.,,
Ridwan T., Rahayu S., Siswoyo DM., 2018.
Total phenolics, flavonoids, and anthocyanin
contents of six Vireya Rhododendron from
Indonesia and evaluation of their
antioxidant activities. ]. Appl. Pharm. Sci.
8(9): 49-54.

Rafi M., Meitary N., Septaningsih DA., Bintang M,
2020. Phytochemical profile and antioxidant
activity of Guazuma ulmifolia leaves extracts
using different solvent extraction. Indones. J.
Pharm. 31(3): 171-180.

Sajak A., Abas F., Ismail A., Khatib A., 2016. Effect of
different drying treatments and solvent
ratios on phytochemical constituents of
Ipomea aquatica and correlation with a-
glucosidase inhibitory activity. Int. ]. Food
Prop. 12: 1-31.

Saleh MSM,, Siddiqui M]., So’ad SZM., Roheem FO.,
Saidi-Besbes S., Khatib A., 2020. Correlation
of FT-IR fingerprint and
-glucosidase inhibitory activity of salak
(Salacca zalacca) fruit extracts utilizing

139



Chemometrics for Discrimination of Sonchus arvensis leaf

orthogonal partial least square. Molecules.
23:1434-1443.

Seal T. 2016. Quantitative HPLC analysis of
phenolic acids, flavonoids and ascorbic acid
in four different solvent extracts of two wild
edible leaves, Sonchus arvensis and Oenanthe
linearis of North-Eastern region in India. .
Appl. Pharm. Sci. 6(2): 157-166.

Sukmayadi AE., Sumiwi SA., Barliana MI., Aryanti
AD., 2014. Aktivitas imunomodulator
ekstrak etanol daun tempuyung (Sonchus
arvensis Linn.). J. Ilmu. Teknol. Farm.
Indones. 1(2): 42-49.

Tanamal MT. Papilaya PM. Smith A, 2017.
Kandungan senyawa flavonoid pada daun
melinjo (Gnetum gnemon L.) berdasarkan
perbedaan tempat tumbuh. ]J. Biol. Pend.
Terapan. 3(2): 142-147.

Trivadila, Oktaviani I, Iswantini D. 2020. Inhibition
of tempuyung (Sonchus arvensis) water

140

extract fractions against xanthine oxidase by
electrochemical method. AIP Conference
Proceedings 2243, 030027.

Verawati., Arel A, Arfianisa R, 2016. Pengaruh
perbedaan metode ekstraksi terhadap
kandungan fenolat total ekstrak daun
piladang (Solenostemon scutellarioides (L.)
Codd). J. Farm. Kes. 6(2): 79-83.

Xia Z., Qu W, Lu H,, Fu ], Ren Y,, Liang J., 2010.
Sesquiterpene lactones from Sonchus
arvensis L. and their antibacterial activity
against Streptococcus mutans ATCC 25175.
Fitoterapia. 81(5): 424-428.

Yuan T., Wu D., Sun K,, Tan X,, Wang J., Zhao T., Ren
B., Zhao B, Liu Z,, Liu X,, 2019. Anti-fatigue
activity of aqueous extracts of Sonchus
arvensis L. in exercise trained mice.
Molecules. 24: 1168-1180.

Volume 32 Issue 2 (2021)





