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Abstract. Watercress (Nasturtium officinale R.Br) is a highlands plant that has
been eaten as a vegetable by many people. Watercress contains protein, calcium,
phosphorus, iron, vitaminA, vitaminE, vitaminC,flavonoids andphenols.Antiox-
idants are components that can delay or prevent the oxidation of lipids, nucleic
acids, or other molecules by inhibiting the initiation or propagation of oxidation
chain reactions. The function of antioxidants is to neutralize free radicals, so that
the body is protected from various degenerative diseases and helps suppress the
aging process. The purpose of this study was to isolate and identify antioxidant
compounds in watercress. The studies included maceration and reflux extrac-
tion with 96% ethanol, partitioning (with n-hexane and ethyl acetate), antioxi-
dant activity determination, and compound determination. Antioxidant activity
test by 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenger method showed that the
watercress ethyl acetate extract had the highest antioxidant activity with IC50
of 67.77 ppm. Fractionation by first column chromatography [SiO2; n-hexane:
ethyl acetate (10:1–1:1), CHCl3: MeOH (15:1–1:1)] obtained 5 combined frac-
tions (F1–F5) where the results of the antioxidant activity test of fraction 5 (F5)
had a great inhibition value compared to other fractions of 61.04%. Furthermore,
F5 fractionated second column chromatography [SiO2; n-hexane: ethyl acetate
(1:1), CHCl3: MeOH (5:1)] obtained 2 combined fractions (F5.1 and F5.2). After
two purifications using column chromatography and testing for antioxidant activ-
ity, fraction 5.2 had the highest activity with an IC50 value of 75.65 ppm. Frac-
tion 5.2 contained phenols and/or flavonoids according to phytochemical screen-
ing, while UV-Vis, Fourier transform infrared (FTIR) spectrophotometry and gas
chromatography-mass spectrometry (GC-MS) spectroscopic results indicated that,
the active ingredient in fraction 5.2 is expected to be 2-methoxy-4-vinylphenol.
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1 Introduction

Watercress (Nasturtium officinale R.Br) contains large amounts of iron, calcium, folic
acid, vitamins A and C. Many benefits of eating watercress for our bodies, such as
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diuretic drugs, expectorants, aid digestion, and protect the body against lung cancer [1].
In a previous study, the antioxidant activity and bioactive components of watercress
(Nasturtium officinale R.Br) stated that the crude extract of watercress had weak antiox-
idant activity when compared to the antioxidant activity of BHT. The IC50 value for
the whole watercress extract was 337.32 ppm using the free radical scavenging method
with DPPH and containing secondarymetabolites such as alkaloids, steroids, and phenol
hydroquinone [1].

Pharmacopoeia Indonesia [2] stated that vitamins A, C, E contained in watercress
tend to be soluble in ethanol solvent, while compounds in the polyphenol group, such as
flavonoids, according to Rahman et al.[3] can be macerated using 70% ethanol which
tends to be semipolar in water-ethanol combination [2, 4]. Watercress contains isothio-
cynate compounds, kaempferol glycosides and l-tryptophan which functions to ward off
free radicals, help repair damage and DNA synthesis [5].

The strength of antioxidant compounds, such as flavonoids in watercress extract can
be identifiedusing IC50. The IC50 value is the smallest concentration capable of inhibiting
50% of free radicals using a 2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent. The lower
the IC50 value, the higher the antioxidant activity of the substance, meaning that it only
requires a small concentration to inhibit free radicals by 50% [5], the antioxidant activity
test of 70% ethanolic watercress extract is by produces an IC50 value of 102.26 ppm [3].

Solvent extraction using cold method (maceration), the extraction process technique
is carried outwith several times of shaking or stirring at room temperature. The advantage
of this method is that it is easy and does not require heating so it is less likely that natural
materials will be damaged or decomposed. The choice of solvent based on its solubility
and polarity facilitates the separation of natural substances in the sample. The long
operation of the maceration method and the stationary state during maceration allows
many compounds to be extracted. Other extraction processes are carried out by heating,
reflux, which is extraction with the solvent at its boiling point temperature, for a certain
time with a relatively constant amount of limited solvent and the presence of reverse
cooling. Extraction can take place efficiently and the compounds in the sample can be
more effectively withdrawn by the solvent.

In this study, two extraction methods, (i.e.: maceration and reflux) were applied to
determine whether the active compounds contained in watercress were heat resistant
or not. Watercress has many benefits for health, but information about the chemical
composition in watercress is still lacking. Research on chemical compounds in this
plant, especially the content of antioxidants, needs to be carried out so that it is expected
to provide the information needed for its use in the pharmaceutical, food, and other
industries.

2 Materials and Methods

2.1 Materials

Watercress (Nasturtium officinale R.Br) was obtained from the Research Institute for
Medicinal and Aromatic Plants (BALITTRO), Bogor, Indonesia. All reagents were used
in the analytical grade including silica gel 60 (Merck, Germany), ethyl acetate (Brat-
achem, Indonesia), n-hexane (Bratachem, Indonesia), dichloromethane (Bratachem,
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Indonesia), methanol (Bratachem, Indonesia), DPPH (Sigma, USA), vitamin C (Sigma,
USA). Cerium sulfate (Merck, Germany), methanol (Merck, Germany).

2.2 Extraction and Partition

Watercress extraction was carried out by 2 methods, maceration and reflux. In the mac-
eration method, dry lettuce that has been cut into small pieces is macerated with 96%
ethanol for 24 h at room temperature. Meanwhile, for the reflux method, the dried water-
cress sample that has been cut into small pieces is refluxed with 96% ethanol for 3 h at
a temperature of ±70 °C. Each solvent was filtered and the filtrate was collected, the
extraction process was repeated until the filtrate was colorless. The filtrate obtained was
evaporated using a rotary evaporator at a temperature of 50 °C to obtain crude extract.

The crude extract was dissolved in distilled water, sonicated and then partitioned
using a separating funnel with n-hexane and ethyl acetate as solvents. Thereafter, the
partition was stiffened by adding n-hexane in the ratio of water and n-hexane is 1:1. The
aqueous extract was separated and re-partitioned with ethyl acetate at a 1:2 ratio. The
aqueous extract was separated and combined with the previous one. Last, the extract
was evaporated using a rotary vacuum evaporator to obtain a partitioned extract.

2.3 Antioxidant Test

Samples and ascorbic acid as a positive reference were prepared in dry methanol at
various stock concentrations. 40 μL of DPPH solution (1 mM) was added to a 96-
well microplate, then sample and ascorbic acid into the well, and finally added up to
200 μL of methanol per test to obtain different final concentrations. As a blank, 40 L of
DPPH solution containing anhydrous methanol was added to the well to 200μL. All test
solution samples, positive controls and blanks were incubated at room temperature for
30 min. The absorbance of all samples and blanks was then measured at a wavelength of
515 nm. Antioxidant activity was obtained using the following equation and IC50 values
by constructing a linear curve between test solution concentration (x-axis) and percent
antioxidant activity (y-axis).

%Inhibition = A− B

A
× 100%

A is blank absorbance
B is the sample absorbance.

2.4 Fractionation with Column Chromatography

The phase with the greatest antioxidant activity was first fractionated by gradient column
chromatography, with SiO2 as stationary phase and with mobile phase is n-hexane: ethyl
acetate (10:1–1:1); chloroform: methanol (15:1–1:1). Second fractionation with SiO2 as
stationary phase, isocratic mobile phase with n-hexane: ethyl acetate (1:1); chloroform:
methanol (5:1). Each sub fractions was collected in TLC, the sub fractions with the
similar TLC pattern were combined to obtain a simpler fraction.
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2.5 Identification of Active Compounds

Compounds of active componentswere identified using FTIR spectrophotometry and gas
chromatography-mass spectrometry (GCMS). In this regard, the extractwas injected into
a GC-MS Agilent Technologies 7890 equipped with an RHP Ultra 2 capillary column
(30 m × 0.20 mm ID × 0.11 μm) and electron impact (EI) for the ionization method
under the following conditions: Oven temperature program initial temperature at 80 °C
hold for 0 min, rising at 3 °C/min to 150 °C hold for 1 min and finally rising 20 °C/min
to 280 °C hold for 26 min; Injector port temperature 250 °C; Ion Source Temperature
230 °C; Interface temperature 280 °C; Quadrupole 140 °C; Gas sources Helium; Colum
mode constant flow; Column flow 1.2 mL/min; Injection volume 5 μL; Split ratio 8: 1.

3 Results

3.1 Extraction, Partitioning and Screening Antioxidant Activity

The viscous extract from the rotavapor has the characteristics of a green thick extract.
The yields obtained from the thick extract of n-hexane, ethyl acetate, and water from
watercress can be seen in Table 1.

Preliminary testing of antioxidant activity aims to select one of the extracts of n-
hexane, ethyl acetate, and water from watercress which has the highest antioxidant
activity using the free radical reduction method with positive control of vitamin C.
The results of the antioxidant activity test results of positive control of Vitamin C and
preliminary antioxidant activity can be seen in Fig. 1

3.2 Column Chromatography Fractionation

From the results of the first column chromatography, 5 fractions (F1–F5)were combined,
the results of testing the antioxidant activity of the 5 combined fractions can be seen in
Fig. 2.

The antioxidant test results showed that the fraction that had the highest antioxidant
activity compared to the other fractions was fraction 5 with free radical scavenging
activity of 61.04% at a test concentration of 100 ppm.

Table 1. Extract Yield Results

Extraction method Phase Extract weight (g) Yield (%) Consistency /color

Reflux n-hexane 8.47 4.24 green

Ethyl acetate 2.34 1.17 green

Water 35.79 17.89 green

Maceration n-hexane 5.96 1.49 green

Ethyl acetate 1.65 0.41 green

Water 79.16 19.75 green
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Fig. 1. Preliminary Test Results of Antioxidant Activity Using DPPH
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Fig. 2. Antioxidant Activity of the First Column Chromatography Fraction

Furthermore, fraction 5 was carried out by second column chromatography, in which
2 fractions (F5.1–F5.2) were combined. The results of the antioxidant activity test for
the two fractions can be seen in Fig. 3.
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Fig. 3. Antioxidant Activity of the Second Column Chromatography Fraction

Table 2. Results of Phytochemical Screening of Watercress Extract

No. Group of compounds Result

1 Alkaloids −
2 Flavonoids +

3 Tannins −
4 Phenol +

Description: + (positive); − (negative).

3.3 Phytochemical Screening

The results of phytochemical screening of fraction 5.2 aimed to determine and ensure that
the fraction contains secondary metabolites that are efficacious as antioxidants which
can be seen in Table 2.

From the results of the phytochemical screening test, it is known that fraction 5.2
contains active antioxidant compounds from the flavonoid and phenol groups.

3.4 GC-MS Analysis

The secondary metabolites of fraction 5.2 were analyzed using FTIR and GCMS instru-
ments to obtain information on their organic compounds. FTIR spectrophotometer was
used for the preliminary identification of the functional groups of the compounds. At the
same time, GCMSwas used to identify compound names based on the percent similarity
of each fragment peak in the instrument’s Wiley library.
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Fig. 4. Results of the 5.2 FTIR Spectrum

Fig. 5. Gas Chromatography Chromatogram Mass Spectrometry of 5.2 Fraction

The FTIR spectrum (Fig. 4) shown that some typical functional groups were detected
at wavenumber 3255.62; 3300.94 cm−1 (-OH group of hydroxyl group), 1144.67;
1245.93; 1293.18 cm−1 (C-O group of alcohol, ether, carboxylic acid, ester), 828.37;
851.51; 993.27 cm−1 (=CH group alkene) and 748.33; 770.51 cm−1 (C=C aromatic
hydrocarbon group) [6].

The chromatogram of the GC-SM analysis for fraction 5.2 (Fig. 5) gave several
chromatogram peaks indicating the presence of several compounds with a retention time
(Rt) of 10.09; 12.26; 13.75; 13.79; 14.10; 14.66; 14.92; and 15.11 min have a percentage
of similarity (Qual) above 95% according to the Willey09th.L database (Table 3).
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Table 3. Estimated Compounds Contained in the 5.2 Fraction

No. Retention time 
(minute) 

Qual (%) Compound  Approximate chemical 
structure 

1 10.09 96 2-Methoxy-4-vinylphenol 

2 12.26 97 1-Hexadecane  

3 13.75 99 E-15-Heptadecane 

4 13.79 97 Nonadecane 

5 14.10 99 7,11,15-Trimetil,3-Metilen-1-
Hexadecane 

6 14.66 96 Methyl palmitate 

7 14.92 96 Methyl-3-(3,5-Ditersierbutyl-4-

Hydroxyphenyl) Propionate 

8 15.11 96 Propionate 

Cycloeicosane 
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Fig. 6. 2-Methoxy-4-Vinylphenol

4 Discussion

Yield is the percentage ratio between the weight of the part of the material that can
be utilized and the total weight of the material [7]. The yield of the reflux process is
higher than the maceration process. The reflux process uses heat so that it is easier to
dissolve and attract substances of watercress. Other factors that can affect the amount of
extract obtained such as the extraction method, the solvent used, and the type of active
compound in the simplicial. One study that shows the extraction process can attract
active compounds that watercress leaf extract can fight and reduce lipid peroxidation in
the liver, brain and kidneys [8].

From the results of the antioxidant activity test (Fig. 1), it is known that some of the
partition phases have antioxidant activity because they have an IC50 value of<200 g/mL,
and some other fractions have an IC50 value of >200 g/mL, where the results showed
that the ethyl acetate phase by maceration method had the highest antioxidant activity
compared to the other phases with an IC50 value of 67.77 g/mL.

The first process of the column chromatography resulted 5 fractions (F1–F5). The
antioxidant activity test to those fractions revealed that fraction 5 (F5) had the highest
inhibitory power (61.04%) than the other fractions. The second column chromatography
to the F5 obtained 2 fractions (F5.1 and F5.2), based on the antioxidant test F5.2 had an
IC50 value of 75.65 g/mL smaller than F5.1. The parameter that is commonly used to
interpret the results of the DPPH test is the IC50 value. The smaller the IC50 value, the
higher the antioxidant activity [9, 10].

Based on the results of phytochemical screening, the compounds containing
flavonoid and phenolic compounds were obtained and analysis by UV-VIS spectropho-
tometry showed that the active compounds had double bonds, then the FTIR spectra
showed the appearance of aromatic rings, alkene, ether and hydroxyl groups and on
the GC-MS chromatogram using the Willey09th database. It was found that the com-
pounds in fraction 5.2 were 2-methoxy-4-vinylphenol and methyl-3-(3,5-ditersierbutyl-
4-hydroxyphenyl) propionate. Of those two mentioned phenolic compounds, the most
likely compound is the 2-methoxy-4-vinyl phenol due to having 96% similarity level
(qual) and in accordance with the group shown by FTIR Spectrophotometry (Fig. 6).

Antioxidant-enriched bioactive compounds of plants are particularly useful for pre-
cluding cancer by inducing the apoptosis of cancer cells [11–13]. Ethanol and acetone
extracts from Dendrobium crepidatum scavenged 94.69 ± 0.10% and 93.41 ± 0.86%
of DPPH free radicals, respectively. They showed 50% inhibition of DPPH free radicals
(IC50) at concentrations of 73.90 μg/mL and 99.44 μg/mL, which were found to be
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statistically similar to that of ascorbic acid (control). The above extracts showed antioxi-
dant and cytotoxic properties, potentially due to the presence of tetracosane, triacontane,
stigmasterol, and some phenol derivatives (2-methoxy-4-vinylphenol, 2-methoxy-5-(1-
propenyl)-phenol, p-mesyloxyphenol, and 2,6-dimethoxy-4-(2-propenyl)-phenol [14].
2-Methoxy-4-vinylphenol (2M4VP), a member of the phenolic class, has been shown to
possess anti-inflammatory properties and induce cell cycle arrest, making it an attractive
drug candidate for the treatment of pancreatic cancer. 2M4VP had anticancer effects on
pancreatic cancer cell lines Panc-1 and SNU-213. 2M4VP reduces Panc-1 cell viabil-
ity by inhibiting the expression of cell nuclear antigen (PCNA) protein. 2M4VP also
inhibited the migratory activity of both cell lines. Furthermore, 2M4VP treatment effec-
tively decreased the phosphorylation of focal adhesion kinase (FAK) and AKT. 2M4VP
can be used as adjuvant therapy for pancreatic cancer [15]. Contains Buckwheat, Buck-
wheat flavorings such as 2,5-dimethyl-4-Hydroxy-3(2H)-furanone, (E-)-2,4-decadienal
and 2-Methoxy-4-vinylphenol (2M4VP). Especially using 2M4VP. As a fragrance, it is
also present in apples and peanuts. 2M4VP is also known to induce cell cycle arrest by
blocking it. Retinoblastoma protein hyperphosphorylation NIH3T3 cells were treated
with benzopyrene and anti-inflammation by inhibiting mitogen-activated protein kinase
(MAPK) activation [16, 17].

5 Conclusion

The macerated ethyl acetate extract had the highest antioxidant activity with an IC50
value of 67.77 g/mL, after being purified twice by column chromatography, fraction 5.2
had the highest antioxidant activity with an IC50 value of 75.65 g/mL. The results of the
identification of phytochemical screening, UV-VIS spectrophotometry, FTIR and GC-
MS fraction 5.2 are predicted to be 2-Methoxy-4-vinylphenol compounds belonging to
a group of phenolic compounds that have antioxidant and anticancer activity based on
several literatures.

Acknowledgement. We thank Galih Putra Pratama for his kind assistance throughout the study.

References

1. Salamah E, Purwaningsih S, Permatasari E. Aktivitas Antioksidan dan Komponen Bioak-
tif pada Selada Air ( Nasturtium officinale L. R . Br) Antioxidant Activity and Bioactive
Compounds of Watercress. J Pengolah Has Perikan Indones. 2011; XIV(2): 85–91.

2. Indonesia FH. Edisi I. Jakarta Dirjen Pelayanan Farm dan Alat Kesehat. 2008.
3. Rahman DR, Rimbawan R, Madanijah S, Purwaningsih S. Potensi selada air (Nasturtium

officinale R. Br) sebagai antioksidan dan agen anti proliferasi terhadap sel MCF-7 secara
in vitro. J Gizi dan Pangan. 2017; 12(3): 217–24.

4. Ibrahim IA,AuthorityAE.NasturtiumOfficinale andRaphanus sativusCrudeExtracts Protect
Ovary from Radiation-induced DNA Damage. cabdirect.org. 2015; 4(04): 80–102.

5. Tristantini D, Ismawati A, Pradana BT, Jonathan JG. Pengujian aktivitas antioksidanmenggu-
nakan metode DPPH pada daun tanjung (Mimusops elengi L). In: Seminar Nasional Teknik
Kimia Kejuangan. 2016. p. 1.



384 Bustanussalam et al.

6. Skoog DA, Holler FJ, Crouch SR. Principles of instrumental analysis. Cengage learning;
2017.

7. Kusumawati R,WawastoA, others. Pengaruh perendaman dalam asamklorida terhadap kuali-
tas gelatin tulang kakapmerah (Lutjanus sp.). J Pascapanen danBioteknol Kelaut dan Perikan.
2008; 3(1): 63–8.

8. Ozen T. Investigation of antioxidant properties of Nasturtium officinale (watercress) leaf
extracts. Acta Pol Pharm. 2009; 66(2): 187–193.

9. Mohammedi Z, Atik F. Impact of solvent extraction type on total polyphenols content and
biological activity from Tamarix aphylla (L.) Karst. Int J Pharma Bio Sci. 2011; 2(1): 609–15.

10. Molyneux P, others. The use of the stable free radical diphenylpicrylhydrazyl (DPPH) for
estimating antioxidant activity. Songklanakarin J sci technol. 2004; 26(2): 211–9.

11. Du J, Tang XL. Natural products against cancer: A comprehensive bibliometric study of
the research projects, publications, patents and drugs. J Cancer Res Ther. 2014 Jan; 10(5):
C27–37.

12. Zhang Y, Luo M, Zu Y, Fu Y, Gu C, Wang W, et al. Dryofragin, a phloroglucinol derivative,
induces apoptosis in human breast cancer MCF-7 cells through ROS-mediated mitochondrial
pathway. Chem Biol Interact. 2012 Aug; 199(2): 129–36.

13. Kangsamaksin T, Chaithongyot S, Wootthichairangsan C, Hanchaina R, Tangshewinsirikul
C, Svasti J. Lupeol and stigmasterol suppress tumor angiogenesis and inhibit cholangiocar-
cinoma growth in mice via downregulation of tumor necrosis factor-a. PLoS One. 2017 Dec;
12(12).

14. Paudel MR, Chand MB, Pant B, Pant B. Assessment of antioxidant and cytotoxic activities
of extracts of Dendrobium crepidatum. Biomolecules. 2019 Sep; 9(9): 478.

15. Rubab M, Chelliah R, Saravanakumar K, Barathikannan K, Wei S, Kim JR, et al. Bioactive
potential of 2-methoxy-4-vinylphenol and benzofuran from Brassica oleracea L. var. capitate
f, rubra (Red Cabbage) on oxidative and microbiological stability of beef meat. Foods. 2020
May; 9(5).

16. Jeong JB, Hong SC, Jeong HJ, Koo JS. Anti-inflammatory effect of 2-methoxy-4-vinylphenol
via the suppression of NF-κB and MAPK activation, and acetylation of histone H3. Arch
Pharm Res. 2011 Dec; 34(12): 2109–16.

17. Jeong JB, Jeong HJ. 2-Methoxy-4-vinylphenol can induce cell cycle arrest by blocking the
hyper-phosphorylation of retinoblastoma protein in benzo[a]pyrene-treated NIH3T3 cells.
Biochem Biophys Res Commun. 2010 Oct; 400(4): 752–7.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	Identification of Antioxidant Active Compounds from Watercress (Nasturtium officinale R.Br)
	1 Introduction
	2 Materials and Methods
	2.1 Materials
	2.2 Extraction and Partition
	2.3 Antioxidant Test
	2.4 Fractionation with Column Chromatography
	2.5 Identification of Active Compounds

	3 Results
	3.1 Extraction, Partitioning and Screening Antioxidant Activity
	3.2 Column Chromatography Fractionation
	3.3 Phytochemical Screening
	3.4 GC-MS Analysis

	4 Discussion
	5 Conclusion
	References


