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Abstract. Silaban S, Nainggolan B, Ikhwan J, Harliananda N, Simorangkir M. 2024. LC-MS/MS analysis and antioxidant activity of 
ethanol fraction of Aglaonema modestum leaves. Biodiversitas 25: 4756-4762. Free radicals are one of the triggers of various diseases. 
Excessive free radicals have the potential to cause oxidative stress, such as diabetes, heart disease, Alzheimer's, and Parkinson's disease. 
Antioxidants can be used to prevent free radicals. Synthetic antioxidants have unnecessary side effects, and natural antioxidants can be a 
safer alternative. Natural antioxidants can come from plants, which contain phenolic compounds in the form of flavonoids. Aglaonema 
modestum, with the local name simargaolgaol, contains this compound. This plant is often found in Barus, North Sumatra, Indonesia, 
and is usually used by the community as traditional medicine for internal and external wounds. This study aims to identify the potential 
antioxidant activity of the leaves ethanol fractions of A. modestum. Purification was done using the standard column chromatography 

method, antioxidant activity analysis using the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) method with vitamin C as a control, and fraction 
compound analysis using LC-MS/MS. Antioxidant activity value (IC50) of ethanol fraction of A. modestum consecutively at 30.953 ppm 
(very strong), 109.809 ppm (moderate), and vitamin C with an IC50 value of 2.304 ppm (very strong). The results of LC-MS/MS 
analysis of the ethanol fraction identified three compounds, namely Cadsurenin K (RT 5.91 minutes), Methyl ophiopogonone B (RT 
6.37 minutes), and Schizandrin C (RT 7.30 minutes). The ethanol fraction of A. modestum leaves has alternative potential as a natural 
antioxidant. 
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INTRODUCTION 

Oxidative stress occurs due to high levels of free 

radicals in the body. Free radicals are molecular fragments 

with unpaired electrons in their outer orbit. They result 

from a process called homolytic cleavage, which is the 

breaking of a chemical bond in a way that each fragment 

retains one of the shared electrons, leading to the formation 

of two free radicals (Karundeng and Aloanis 2018). 

Damage due to free radical oxidation in living cells causes 

chronic diseases such as Parkinson's disease (Khan et al. 
2018), Alzheimer's disease (Peña-Bautista et al. 2019), 

diabetes mellitus (Sharifi-Rad et al. 2018; D’Oria et al. 

2020), cancer (Liskova et al. 2020), aging (Chaudhary et al. 

2023; Jomova et al. 2023), heart attacks (Caiati et al. 2023), 

cardiovascular disease (Alfei et al. 2024), cataracts, chronic 

obstructive pulmonary disease (Suryadinata 2018), 

inflammation, and several other diseases (Nurcholis et al. 

2021; Maigoda et al. 2022). Free radicals are molecular 

fragments that contain one or more unpaired electrons in 

their molecular orbitals, so they are highly reactive and can 

oxidize the surrounding molecules (Martemucci et al. 

2022). Free radicals, both the reactive nitrogen species 
(RNS) and reactive oxygen species (ROS), are the most 

widely known types of free radicals (Gurning and Haryadi 

2022). ROS are very reactive because they are unstable 

(have unpaired electrons) (Tian et al. 2017; Menezes et al. 

2024). Free radicals can interfere with the production of 

DNA and affect blood vessels, prostaglandins, and other 

proteins such as enzymes in the body (Martemucci et al. 

2022). Free radicals that take electrons from DNA can 

cause changes in the structure of DNA so that mutant cells 

arise. If this mutation occurs for a long time, it can cause 

cancer. 

Substances to reduce the negative impact of free 

radicals include the use of antioxidants. One way to reduce 

the harmful effects of free radicals is to use antioxidants. 
Antioxidants are compounds that can bind free radicals and 

highly reactive molecules, so they can inhibit the oxidation 

of molecules that produce free radicals and inhibit the 

occurrence of free radical formation reactions (Noviarni et 

al. 2020). Antioxidants are needed as a free radical antidote 

and to prevent oxidative stress. Antioxidants delay or inhibit 

molecules’ oxidation process (Vona et al. 2021; Sinaga et 

al. 2022). Antioxidants are easily oxidized, so free radicals 

will oxidize antioxidants, thus protecting other molecules 

in the cell from damage due to oxidation by reactive 

oxygen or free radicals. Antioxidants, based on their 

source, are grouped into endogenous antioxidants, namely 
enzymes, and exogenous antioxidants, namely antioxidants 

obtained from outside the body/food (Ayoka et al. 2022). 

Naturally, the human body can produce antioxidants to 

balance the number of incoming oxidants in the body, but 

because the amounts of incoming oxidants exceed the limit 
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abilities that can be accepted by natural antioxidants in the 

body, which are necessary for other antioxidants that come 

from outside. The human body can neutralize free radicals 

when their amounts are not excessive, with endogenous 

antioxidant defense mechanisms. When endogenous 

antioxidants are insufficient, the body needs antioxidants 

from the outside (Simorangkir et al. 2019a; Simorangkir et 

al. 2019b).  

Antioxidants from outside the body can be obtained in 

synthetic form or from natural ingredients. Widely used 
synthetic antioxidants such as butylated hydroxytoluene 

(BHT), butylated hydroxyanisole (BHA), and tert-butyl 

hydroquinone (TBHQ) are believed to be effective in 

inhibiting oxidation. However, the use of synthetic 

antioxidants is limited by government regulations because 

use that exceeds the limit can cause toxins in the body and 

is carcinogenic, so alternative antioxidants that are safe to 

use are needed. One potential source of natural antioxidants 

is plants (Ji et al. 2023; Saragih et al. 2023). Using natural 

antioxidants has become an alternative with fewer negative 

effects than synthetic antioxidants. Natural antioxidants from 
plants are generally phenolic compounds such as flavonoids 

(Shen et al. 2022).  

One of the plants that can act as an antioxidant is 

Aglaonema modestum (Figure 1). A. modestum leaf extract 

is reported to contain secondary metabolites, including 

alkaloids, flavonoids, saponins, steroids, and tannins (Zega 

et al. 2021; Silaban et al. 2022). Other species under 

Aglaonema have been reported (Arnob 2014). This study 

aims to extract and purify ethanol extract of A. modestum 

leaves using column chromatography, antioxidant activity 

analysis with the DPPH method, and analysis of the ethanol 
fraction using LC-MS/MS. 

MATERIALS AND METHODS 

Materials 

The tools used are a vacuum rotary evaporator (Heidolph), 

micropipettes, a set of chromatography column tools, UV 

lamps, capillary pipes, UV-VIS spectrophotometers 

(Spectroquant Pharo 300 Merck), and LC-MS/MS, Xevo 

G2-XS QTOF (Waters Corporation, Milford, USA). Next, 

2,2-Diphenyl-1-picrylhydrazyl (Sigma-Aldrich), 96% ethanol 

(Merck), n-hexane (Merck), technical ethyl acetate (Merck), 

aquades, vitamin C (Sigma-Aldrich), 99.8% methanol 

(Merck), silica gel (Merck), silica gel G60F254 (Merck). 

Preparation of DPPH 0.1 mM stock solution 

The 0.1 mM DPPH stock is made by weighing 3,9 mg 

DPPH (molecular weight 394.32 g/mol) and dissolved in a 

100 mL measuring flask using methanol to the limit mark. 

The flask is then covered with aluminum foil. The 

preparation of a 0.1 mM DPPH stock solution is carried out 

in a dark place. 

Vitamin C standard stock solution 

A standard 1,000 ppm solution of vitamin C is prepared 

by weighing 10 mg of vitamin C powder and dissolved in a 

10 mL measuring flask using methanol to the limit. The 

solution is pipetted at 20, 40, 80, 160, and 320 ppm to 

obtain concentrations of 2, 4, 8, 16, and 32 ppm. 

Preparation and extraction 

Following previous research with minor modifications, 

we made the stock solution of A. modestum leaf ethanol 

extract by weighing 10 mg of extract, dissolving it in a 10 

mL measuring flask, and then adding methanol to the 

boundary mark (Silaban et al. 2022). Stock solutions are 

picked up by 125, 250, 500, 1,000, and 2,000 μL. Each 

concentration is put into a 10 mL measuring flask, and 
methanol is added to the limit mark. This method is also 

carried out in the manufacture of fractionated stock solutions. 

Antioxidant activity test of A. modestum leaves ethanol 

extract 

The antioxidant activity of A. modestum leaves ethanol 

extract was tested using the 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) method (Soltanzadeh et al. 2018; Situmorang et al. 

2022). The concentrations of each test solution are 12.5, 

25, 50, 100, and 200 ppm. Each concentration was pipetted 

as much as 2.5 mL into the test tube and then added 2.5 mL 

of 0.1 mM DPPH solution. The same way is carried out in 
the solution of fractionation results. Blank solutions are 

made without a solution of ethanol extract of A. modestum 

leaves. Analysis was carried out in a dark place and 

incubated for 30 minutes. Furthermore, the absorption 

process uses a UV-Vis spectrophotometer at a wavelength 

of 517 nm (Lu and Foo 2000; Juwitaningsih et al. 2022). 

Fractionation of A. modestum leaves ethanol extract 

Preliminary analysis of spot stains with thin-layer 

chromatography was performed by weighing 0.1 g of leaf 

extract and then dissolving it with 1 mL of ethanol solvent. 

Furthermore, the sample was placed on the silica gel plate 
G60F254, and placed in a chamber containing 5 mL of eluent 

which had been saturated with the ratio of eluents, namely 

n-hexane and ethyl acetate with volume variations of 9:1, 

8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, and 1:9, ethyl acetate and 

ethanol with volume variations of 9:1, 8:2, 7:3, 6:4, 5:5, 

4:6, 3:7, 2:8, and 1:9 respectively. The G60F254 silica gel 

plate is then removed from the chamber, dredged, 

irradiated, and irradiated under an ultraviolet lamp at a 

wavelength of 254 nm. 

 

 

Figure 1. Simargaolgaol plant (Aglaonema modestum) 
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The purification process was carried out using silica gel 

60 with column chromatography with a length of 20 cm 

and a diameter of 2 cm (Gurning et al. 2021a). 30 g of 

silica gel was activated in the oven at 100℃ for 4 hours, 

then cooled in a vacuum desiccator. Then, the silica gel is 

made into a slurry by dissolving it with n-hexane and 

putting it into the column gradually. The silica slurry that 

has been inserted into the column is mandated first to 

ensure that no air bubbles are scattered in the silica gel in 

the column. A sample of 1 g was dissolved with 4 mL of 
the mobile phase and then inserted into the column, then 

flowed n-hexane eluent: ethyl acetate in a ratio of 4:6. The 

rate of motion phase is set at 3 mL/2 min past the column 

accommodated on the vial bottle with a volume of every 5 

mL. The eluate obtained was monitored using the pattern of 

stains produced on thin-layer chromatography plates. It was 

then combined based on the similarity of the stain pattern, 

and the solvent was evaporated using a rotary evaporator. 

The separation results were tested for purity with a thin 

layer chromatography plate with various motion phase 

mixtures, namely n-hexane:ethyl acetate and ethanol:n-
hexane:ethyl acetate with variations in ratio of 6:4, 7:3, 2:8, 

5:5, ethyl acetate, and ethanol with variations in the ratio of 

2:8, 8:2, n-hexane, and ethyl acetate and ethanol in a ratio 

of 2:4:2. 

Analysis of bioactive compounds using the LC-MS/MS 

instrument  

The structure of the ethanol fraction was determined 

using LC-MS/MS analysis equipped with an electrospray 

ionization source coupled with Ultra Performance analysis 

performed using Waters Acquity. An inverted-phase HSS 

T3 C-18 column (2.1 × 100 mm, particle size 1.8 μm) was 
used and maintained at 40ºC. The motion phase consisted 

of A (0.1% formic acid in water) and B (acetonitrile in  

0.1% formic acid). Gradient elution was performed at a 

flow rate of 0.3 mL/min with an injection volume of 1 μL. 

Gradients are as follows: 5% B (0-8 min), 40% B (8-11 

min), and 100% B (11-16 min). Data range from 50-1,200 

m/z. All LC-MS/MS data is processed, topped, and 

analyzed using UNIFI's informatics platform. The intensity 

of each ion produces a matrix consisting of m/z values, 

retention time (TR), and peak area. Variables of interest are 

then identified using UNIFI software (Vreeke et al. 2022). 

RESULTS AND DISCUSSION 

Antioxidant activity analysis  

The results obtained showed a decrease in the 

absorbance value of DPPH, which was directly proportional 

to the increase in concentration. Antioxidant activity test 

(IC50) with a variation in concentration range (12.5-200 

ppm) of A. modestum leaves ethanol extract of 30.953 ppm 

(Table 1) are particularly noteworthy. The antioxidant 

activity of Vitamin C is determined by making concentration 

variations in the range of 2-32 ppm. The results showed 

that there was a reduction in the absorbance value of 

DPPH, which was directly proportional to the increase in 
the concentration of the solution, which showed a stronger 

free radical damping ability. The antioxidant activity value 

(IC50) of vitamin C was 2.304 ppm (Table 1). The 

fractionation results obtained were tested for antioxidant 

activity using the same method. Measurement of 

antioxidant activity of ethanol fraction from A. modestum 

leaves with a concentration interval (12.5-200 ppm) 

obtained an antioxidant activity value (IC50) of 109.809 

ppm (Table 1). The key finding here is that the antioxidant 

activity of A. modetum leaves in the ethanol fraction 

showed lower activity when compared to vitamin C.  
 

 

 
Table 1. Results of antioxidant activity test with the DPPH method 

 

Types of solutions Concentration (ppm) Absorbance %Inhibition IC50 (ppm) Antioxidant categories 

Ethanol extract 12.5 0.495 33.956 30.953 Very strong 

25 0.421 43.747 
50 0.314 58.077 

100 0.196 73.787 
200 0.082 89.008 

      
 Ethanol fraction 12.5 0.714 4.673 109.809 Moderate  

25 0.609 18.736 
50 0.491 34.490 

100 0.373 50.245 
200 0.295 60.614 

      
Vitamin C 2 0.454 39.430 2.304 Very strong 

4 0.252 66.400 

8 0.125 83.311 

16 0.055 92.701 

32 0.005 99.288 
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Based on the results of the IC50 value obtained, it is 

known that the ethanol extract of the leaves of A. modestum 

shows a very strong activity as an antioxidant. Ethanol 

fraction results of A. modestum leaves showed the ability of 

antioxidant activity in a moderate category, and vitamin C 

showed antioxidant activity in a very strong category. The 

ability of antioxidant activity of A. modestum leaves from 

ethanol fraction showed lower activity when compared to 

vitamin C. Nevertheless, the antioxidant activity of leaves 

ethanol extract A. modestum has a very active antioxidant 
power, so it can be used as a source of natural antioxidants. 

The ability of very strong antioxidant activity (IC50 < 50 

ppm) of the ethanol extract of the leaves of A. modestum is 

due to the abundant content of secondary metabolites. 

Based on the antioxidant activity value (IC50) produced, the 

strength of the activity is divided into several categories, 

including IC50 < 50 ug/mL in the very strong category, 50 < 

IC50 < 100 in the strong category, 100 < IC50 < 250 in the 

moderate category, 250 < IC50 < 500 in the weak category, 

and IC50 > 500 in the inactive category as an antioxidant 

(Herawati et al. 2021; Sinaga et al. 2023). 
The antioxidant activity test of the ethanol fraction from 

the leaves of A. modestum and vitamin C as a control was 

carried out using the DPPH method, which was measured 

at a maximum wavelength of 517 nm using UV-vis 

spectrometry (Gurning et al. 2021b). This method is the 

most common and has been used for a long time to determine 

antioxidant activity because it has a high sensitivity for 

samples with small concentrations and a relatively fast 

measurement time (Novriyanti et al. 2022). In addition to 

vitamin C, another compound often used to compare the 

antioxidant activity of natural products is quercetin and its 
derivatives (Hassanpour and Doroudi 2023). However, the 

availability of vitamin C and the relatively lower price 

compared to quercetin made vitamin C a positive control 

standard solution in this study. 

The potent antioxidant activity of the crude ethanol 

extract of A. modestum leaves is influenced by the content 

of active compound groups that abound in the extract. The 

content of the class of bioactive compounds shows 

synergistic activity in providing antioxidant activity so the 

potential antioxidant activity in the crude ethanol extract of 

A. modestum leaves shows better activity than the ethanol 

fraction. If the various content contained in the crude 
ethanol extract of A. modestum leaves is antagonistic, it 

will weaken its potential as an antioxidant (Prieto et al. 

2014; Simorangkir et al. 2022). 

Defense mechanisms against oxidants are divided into 3 

types, namely primary, secondary, and tertiary. The primary 

defense mechanism works through the principle of 

neutralizing free radicals, namely by giving one electron to 

reactive molecules. Examples of these antioxidants are 

tocopherol, ascorbic acid, and flavonoids. The secondary 

defense mechanism works by binding metals and removing 

transition metals that can trigger free radicals. Examples of 
these antioxidants are albumin and transferrin. The tertiary 

defense mechanism works by preventing the buildup of 

biomolecules from causing further damage. Examples include 

the repair of damaged DNA by the enzyme methionine 

reductase and oxidized proteins by proteolytic enzymes 

(Wulansari 2018). 

Fractionation of ethanol extract 

The results of determining the eluent with thin-layer 

chromatography obtained the best eluent used as the phase 

of motion, namely the ratio between n-hexane solvents: 

ethyl acetate (4:6). Eluent with this scaling produces five 

stain spots (Figure 2). Furthermore, separation using gravity 

column chromatography with silica gel G60F254 yielded 73 

bottles of eluate. Each eluate contained in a vial bottle is 
monitored for a given stain spot so that a fraction with an 

isolate weight of 0.1 g is obtained. The purity of the 

fractions was monitored using thin-layer chromatography 

with various eluent mixtures as mobile phases, namely n-

hexane, ethyl acetate, and ethanol. The eluent ratio of n-

hexane: ethyl acetate with variations of 6:4, 7:3, 2:8, 5:5; 

ethyl acetate: ethanol with variations of 2:8, 8:2; and n-

hexane: ethyl acetate: ethanol with a ratio of 2:4:2 were 

applied. 

The results obtained from monitoring on thin-layer 

chromatography plates with various types and ratios of 
eluents showed there is one spot in the stain (Figure 3). The 

spot of the stain obtained is still elongated, indicating that 

qualitatively, the active compound obtained is not yet in its 

pure state. This occurs due to less effective separation in 

the column. In the stationary phase, as much as 25 g will 

provide better separation in columns 1 cm in diameter than 

in columns with a diameter of 2 cm. 

Meanwhile, the ethanol fraction of A. modestum leaves, 

a key focus of this antioxidant research, demonstrated a 

moderate IC50 in the results of column chromatography 

purification. This moderate antioxidant ability is likely due 
to the limited content of active compounds resulting from 

purification. However, it's important to note that antagonistic 

interactions may occur. The interaction of metabolite 

compounds present in natural materials can be synergistic 

or antagonistic in providing pharmacological activity. The 

interaction between chemical components is synergistic and 

enhances antioxidant activity but weakens after separation. 
 
 

 
 
Figure 2. Propyl separation of ethanol extract of Aglaonema 
modestum leaves using n-hexane:ethyl acetate (4:6) solvents 
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Analysis of bioactive compounds using the LC-MS/MS 

instrument 

Thin layer chromatography aims to determine which 

eluent is used as the mobile phase in eluting and to provide 

good separation between the components of the compound 

from the mixture (Dongare et al. 2023; Radoičić et al. 

2024). Besides, the size of the column diameter and the 

amount of silica gel stationary phase used in column 

chromatography significantly affect the separation 

effectiveness in the column. It's been found that the smaller 
the diameter and the higher the stationary phase, the better 

the separation (Kondeti et al. 2014). 

The results of the ethanol fraction analysis using LC-

MS/MS yielded several chromatogram peaks with varying 

retention times (RT). LC-MS/MS results obtained three 

peaks, namely (1) retention time (RT) 5.91 minutes having 

a molecular weight of 343.153 g/mol (89.57%) with the 

molecular formula C20H22O5 (Cadsurenin K compound) 

which is a derivative of neolignane group (Figure 4); (2) 

retention time (RT) 6.37 minutes has a molecular weight of 

327.12 g/mol (2.49%) with the molecular formula C19H18O5 

(Methyl ophiopogonone B compound) which is a derivative 

of the homoisoflavanone compound group (Figure 5); and 

(3) retention time (RT) 7.30 minutes has a molecular 
weight of 384.16 g/mol (7.94%) with the formula C22H24O6 

g/mol (Schizandrin C compound) which is a derivative of 

tannin group compounds (Figure 6).  

 
 

a                        b                       c                       d                       e

f                        g                        h                       i j

 

a                        b                       c                       d                       e

f                        g                        h                       i j

 
 
Figure 3. Results of thin layer chromatography purification with various types and ratios of eluents. A. n-Hexane; B. Ethyl acetate; C. 
Ethanol; D. n-Hexane:Ethyl acetate (6:4); E. n-Hexane:Ethyl acetate (7:3); F. n-Hexane:Ethyl acetate (2:8); G. n-Hexane:Ethyl acetate 
(5:5); H. Ethyl acetate:Ethanol (2:8); I. Ethyl acetate:Ethanol (8 :2); J. n-Hexane:Ethyl acetate:Ethanol (2:4:2) 
 

 

 
 
Figure 4. Results of LC-MS analysis of Cadsurenine K compounds (RT 5.91 min) 
 
 

 
 
Figure 5. Results of LC-MS analysis of Methyl ophiopogonone B compound (RT 6.36 min) 

A B D C E 

F G H I J 
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Figure 6. Results of LC-MS analysis of Schizandrin C compounds (RT 7.30 min) 
 
 
 

In conclusion, this study's findings suggest ethanol 

fraction from A. modetum leaves from North Sumatra 

demonstrates potential antioxidant agents as presented by 

their ability to reduce the activity of free radicals with an 

IC50 value of 109.809. Monitoring of the extract showed 

more potent antioxidant activity with an IC50 value of 

30.953. This is caused by the synergy between chemical 

components in the extract, which provides activity but 

weakens after separation. Further investigation is necessary 

to identify specific components within the active fraction of 

A. modestum that may contribute to their potential free 
radicals. 
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