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ABSTRACT 

 

Free radicals are molecules that have a relatively unstable one or more 

unpaired electrons in its outer orbit. Antioxidants are compounds that help to 

inhibit many oxidation reactions caused by free radicals such as singlet oxygen, 

superoxide, peroxyl radicals, hydroxyl radicals and peroxy nitrate there by 

preventing or delaying damage to the cells and tissues. Many medicinal plants 

contain large amounts of antioxidants such as polyphenols, which can play an 

important role in adsorbing and neutralizing free radicals, quenching singlet and 

triplet oxygen, or decomposing peroxides. In addition, antioxidant compounds 

which are responsible for such antioxidant and inhibit lipid peroxidation 

production, could be isolated and then used for the prevention and treatment of the 

related diseases. Native Taiwanese plant such as Blumea balsamifera had 

important role on the development of natural products in Taiwan. As native plant 

B. balsamifera showed interesting activity due to it’s known used to treats itch, 

sores, wounds, stomachache, sudorific, diaphoretic and anticatarrhal among 

Taiwanese people for a long time. This work aimed to evaluate the antioxidant 

activity from B. balsamifera aerial parts by various methods such as free radical 

scavenging activity and inhibition of lipid peroxidation production. Furthermore, 

the bioactive constituents were isolated and identified to see which constituents 

that responsible for their antioxidant activity. Experimental procedure was 

comprised of extraction, isolation, purification, DPPH (1,1-diphenyl-2-picryl 

hydrazil) assay, FTC (ferric thiocyanate) assay and TBA (thiobarbituric acid) 

assay. The crude methanol extract from aerial parts of B. balsamifera was 

suspended in water then partitioned sequentially using ethyl acetate and n-butanol. 

The preliminary study of the ethyl acetate layer showed obvious DPPH free 

radicals scavenging activity with IC50 value of 76.29 µg/mL. The ethyl acetate 

layer was separated into seventeen fractions by silica gel chromatography. 

Furthermore, selected fractions were purified by high performance liquid 

chromatography (HPLC) and obtained one compound. Compound structure was 

elucidated by spectroscopic analysis including 
1
H and 

13
C NMR spectra and 

identified as eugenol. Eugenol showed obvious antioxidant activity with IC50 

value of 6.53 µg/mL while BHT as a positive control with IC50 value of 3.06 

µg/mL. The ferric thiocyanate method was used to measure the amount of 

peroxide at the beginning of lipid peroxidation, in which peroxide will react with 

ferrous chloride and form ferric ions. Inhibition of lipid peroxidation product at 

initial stage using ferric thiocyanate showed that eugenol had 33.3 % inhibition as 

for methanol crude extract showed 32.3% inhibition and BHT as positive control 

showed 32.6% inhibition. Thiobarbituric acid reactive substance method measures 
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the malondialdehyde (MDA) formed after lipid hydroperoxide decomposition 

(secondary products of oxidation), which forms a pink chromophore with 

thiobarbituric acid (TBA). Inhibition from later stage of lipid peroxidation product 

using thiobarbituric acid assay showed that eugenol had 59.1% inhibition as for 

partition layer; water layer showed 50.3% inhibition and BHT as positive control 

showed 68.3% inhibition. Based on present study we suggested that the aerial 

parts of B. balsamifera are potential source as natural antioxidant. Other fractions, 

such as fraction 2 is found to be interesting for further isolation and purification to 

obtain compounds related to their bioactive constituents as natural antioxidant. 

 

Keywords: Blumea balsamifera, Eugenol, Isolation, Antioxidant 
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I. INTRODUCTION 

1.1 Background 

Herbal medicine from medicinal plants were used from thousands years 

ago and existence in all parts of the world especially where access to formal 

health care is limited and expensive. Studies on the herbal medicine as potential 

novel drugs is required to evaluate their safety, efficacy and effectivenes. 

Tropical and subtropical regions of the world are famous for containing a 

vast source of natural products, some of them may have potential to be developed 

into novel drugs for treatment of various disease. Taiwan as a subtropical east 

Asia country offering a rich and relatively untapped potential novel drugs that 

could be derived from natural products (Chin et al., 2009) 

The National Science Council (NSC) of Taiwan since 1988 has been 

promoting research on traditional Chinese medicinal plants. The main objectives 

of this research programme are: (a) to collect information about important and 

rare traditional medicinal herbs, (b) to develop simple methods of identifying 

medicinal herbs, (c) to develop methods for mass propagation of medicinal herbs 

through tissue culture, (d) to study active principles and pharmacology for their 
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safer use, and (e) to promote export of traditional medicinal herbs (Nalawade et al., 

2003).  

Humans have the ability to utilize oxygen with the benefit of metabolizing 

fats, proteins and carbohydrates for energy. Oxygen also famous as a highly 

reactive atom that is capable of becoming part of potentially damaging molecules 

called free radicals. Free radicals are capable of attacking the healthy cells of the 

body and causing them to lose their structure and function. Free radicals are 

electrically charged molecules, i.e., they have an unpaired electron, which causes 

them to seek out and capture electrons from other substances in order to neutralize 

themselves (Percival, 1996). 

Rathore et al., (2011) stated that antioxidants are a group of substances 

which at low concentration have ability to delay or even inhibit the oxidative 

processes, while often being oxidized themselves. 

Antioxidants are capable of stabilizing or deactivating, free radicals before 

they attack cells. Antioxidants are absolutely critical for maintaining optimal 

cellular and systemic health and well-being (Percival, 1996). 

In recent years there are many scientists showed their interest and effort to 

identify compounds that can act as suitable antioxidants to replace synthetic ones. 
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In addition, these naturally occurring antioxidants can be formulated as functional 

foods and nutraceuticals that can help to prevent oxidative damage from occurring 

in the body (Singh et al., 2007). 

Blumea balsamifera (Compositae), a medicinal herb, has been traditionally 

used in southeast Asia in treating diseases in the human body related to kidney 

disorders (Nessa et al., 2010). In Taiwan, B. balsamifera are known with their 

ability to treat itch, sores, wounds, stomachache, sudorific, diaphoretic and 

anticatarrhal (Li, 2006). 

Studies on several constituents from B. balsamifera were conducted and 

showed various chemical constituents and bioactivity. Dihydroflavonol BB-1 

from B. balsamifera could abrogate TRAIL resistance in leukemia cells 

(Hasegawa et al., 2006). The flavonoids from B. balsamifera leaves also showed 

anti cancer, anti tyrosinase activity and xanthine oxidase inhibitory activity (Nessa 

et al., 2010; Saewan et al., 2011). Those various researches proved that B. 

balsamifera has ability as a natural source for novel drugs. 

1.2 Objective 

This work aimed to evaluate the antioxidant activity from B. balsamifera 

aerial parts by various methods such as free radical scavenging activity and 

 



 
 

4 
 

inhibition of lipid peroxidation production. Furthermore, the bioactive 

constituents were isolated and identified to see which constituents that responsible 

for their antioxidant activity. 
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II. LITERATURE REVIEW 

 

2.1 Natural Products 

From the definition, the word natural is an adjective referring to 

something that produced by nature and not an artificial. The word natural also 

assumed to something good or pure (Spainhour, 2005). 

Some of the opportunities for natural products discovery and development 

are in pharmaceuticals, agrochemicals, cosmetics, fine chemicals and 

nutraceuticals (McChesney et al., 2007). Natural products like medicinal plants 

and foodstuffs are famous for their preventive effects against diseases such as 

coronary heart diseases, hypertension, thrombosis, allergic inflammation, 

arteriosclerosis, diabetes and cancer, even though some of their clinical basis and 

experimental evidence are insufficient and unclear (Mikail, 2011).  

Chinese people are famous as leaders in using natural products for 

medicinal purpose. The compilation of Chinese herbs is Shen Nung Pen Ts’ao, 

which lists 385 materials. Pen Ts’ao Ma catalogue, written by Li Shih-Chen 

during the Ming Dynasty, (1573–1620) mentions 1898 herbal drugs and 8160 

prescriptions. One of the most famous herbs among them is the ginseng root, 

Panax ginseng used for health maintenance and the treatment of various diseases. 

Another popular folk drug is the extract of the Ginkgo tree, Ginkgo biloba, which 

can improve memory and sharpen mental alertness (Nakanishi, 1999). 

2.2 Traditional Medication from Medicinal Plants 

WHO reported that perhaps 80% of the more than 4000 million inhabitants 

of the world rely chiefly on traditional medicines for their primary health care 

needs and it can presumed that a major part of traditional therapy involves the use 

of plant extracts or their active principles (Farnsworth et al., 1985). 

Plants containing active chemical constituents in any of its part like root, 

stem, leaves, bark, fruit and seed. They termed as a medicinal plant if they 
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produces a definite curing physiological response in the treatment of various 

illness in humans and animals. The various chemicals work together to reach 

equilibrium in the body as they do in the plant then they produce gentle 

progressive healing within the body tissues. From the earliest times mankind has 

used medicinal plants in an attempt to cure diseases and relieve physical suffering 

(Hamayun et al., 2006). 

From using plants as sources of therapeutic agents there are some goals 

(Fabricant et al., 2001). The goals are: 

a)  Isolates bioactive compounds for direct using as drugs, e.g., digoxin, 

digitoxin, morphine, reserpine, taxol, vinblastine and vincristine. 

b)  Produces bioactive compounds of novel or known structures as lead 

compounds for semi synthesis to produce patentable entities of higher 

activity and/or lower toxicity, e.g., metformin, nabilone, oxycodon (and 

other narcotic analgesics), taxotere, teniposide, verapamil, and 

amiodarone, which are based, respectively, on galegine, Δ9-

tetrahydrocannabinol, morphine, taxol, podophyllotoxin, khellin, and 

khellin. 

c)  Using agents as pharmacologic tools, e.g., lysergic acid diethylamide, 

mescaline and yohimbine. 

d)  Using the whole plant or part of it as a herbal remedy, e.g., cranberry, 

echinacea, feverfew, garlic, ginkgo biloba, St. John’s wort and saw 

palmetto. 

There are many kind of drugs derived from plants. Here the list of the 

drugs derived from plants, their clinical use and the sources. 
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Table 1. Drugs derived from plants, clinical use and sources. 

No. Drug Action or clinical use Plant source 

1. Acetyldigoxin Cardiotonic Digitalis lanata Ehrh. 

2. Atropine Anticholinergic Atropa belladonna L. 

3. Berberine Bacillary dysentery Berberis vulgaris L. 

4. (+)-Catechin Haemostatic Potentilla fragaroides L. 

5. Chymopapain Proteolytic; mucolytic Carica papaya L. 

6. Cocaine Local anaesthetic Erythroxylum coca Lamk. 

7. Codeine Analgesic; antitussive Papaver somniferum L. 

8. Ephedrine Sympathomimetic Ephedra sinica Stapf. 

9. Silymarin Antihepatotoxic Silybum marianum (L.) Gaertn. 

10. Theophylline Diuretic; bronchodilator Camellia sinensis (L.) Kuntze 

Data adapted from (Farnsworth et al., 1985) 

2.2.1 Taiwanese Native Medicinal Plants 

Taiwan is 394 km long and 144 km wide, located in the middle of a chain 

of islands in the west Pacific Ocean stretching from Japan in the north to the 

Philippines in the southwest. Taiwan’s total area, including surrounding islands, is 

approximately 36,000 km
2
. Researchers from European and American continents 

are increasingly acknowledging the importance of the Chinese medicinal herbs 

and traditional herbal formulations or preparation that had been the mainstream 

for centuries China. Recently, it was found that Taiwanese native medicinal plants 

that have promising therapeutic values have been neglected and they not included 

in the traditional Chinese herbal pharmacopoeia (Li, 2006). 
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Table 2. The major constituents and therapeutic values of Taiwanese native 

medicinal plants 

No. Scientific Names Major Constituents and Source Claimed 

Therapeutical Values 

1. Blumea 

balsamifera (L.) 

DC  

var. microcephala 

Kitamura 

(Leaf, shoot) 

Borneol, camphor, cineole, 

limonene, palmitic acid, 

myristic acid, sesquiterpene 

alcohol, dimethyl ether, 

limonene, flavonoids, 

pyrocatechic tannins 

Treats itch, sores, 

wounds, 

stomachache; 

sudorific, 

diaphoretic, 

anticatarrhal 

2. Lilium 

formosanum 

Wallace 

Lilium speciosum 

Thunb. 

(Stem, bulb) 

Phenolic glycoside, steroidal 

saponin 

Pneumonia, throat 

infection, stops 

coughing, 

Headache, abdominal 

pain, improves lung 

function 

3. Pinus taiwanensis 

Hayata 

(Root) 

1-α-Pinene, D-longifolene, D-

candinene, comphene, sylvine, 

toluene, xylene, styrene, 

naphthalene, dipentene, bornyl 

acetate, 

vitamin C 

Pain caused by 

arthritis, flu, high 

blood pressure, 

diabetes 

Data adapted from (Li, 2006). 
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2.3 Free Radical 

Free radicals are electrically charged molecules and have an unpaired 

electron, which made them to seek out and capture electrons from other 

substances in order to neutralize themselves. Although the initial attack causes the 

free radical to become neutralized, another free radical is formed in the process, 

causing a chain reaction to occur. Until subsequent free radicals are deactivated, 

thousands of free radical reactions can occur within seconds of the initial reaction 

(Percival, 1996). 

 

 

 

 

 

 

 

 

Figure 1. Major sources of free radicals in the body and the consequences of free 

radical damage (Young et al., 2001) 

2.3.1 Reactions Involving Free Radicals 

Wu et al (2003) explained that free radicals are highly unstable molecules 

that attempt to achieve a more stable state by reacting with other atoms or 

molecules in the cell. The four primary types of chemical reactions that free 

radicals undergo are:  
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1. Hydrogen abstraction, in which a radical interacts with another 

molecules that has a free hydrogen atom (i.e., a hydrogen donor). As a 

result, the radical binds to the hydrogen atom and becomes stable, 

whereas the hydrogen donor is converted to a free radical.  

2. Addition binds in which the radical binds to another, originally stable 

molecule, converting the combined molecule into a radical.  

3. Termination, in which two radicals react with each other to form a 

stable compound.  

4. Disproportionation, in which two identical radicals react with each 

other, with one of the radicals donating an electron to the other so that 

two different molecules are formed, each of which is stable. 

2.3.2 Reactive Oxygen Species  

Free radicals had important role in living organisms include hydroxyl 

(OH
·
), superoxide (O2

·−
) nitric oxide (NO

·
), and peroxyl (RO2

·
). Peroxynitrite 

(ONOO
−
), hypochlorous acid (HOCl), hydrogen peroxide (H2O2), singlet oxygen

 

1
O2, and ozone (O3) are not free radicals but can easily lead to free-radical 

reactions in living organisms. The term ―reactive oxygen species‖ (ROS) is often 

used to include not only the radicals OH
·
, RO2

·
, NO

·
 and O2

·−
 but also the non 

radicals HOCl, 
1
O2, ONOO

−
, O3, and H2O2 (Aruoma, 1998) . 

Reactive oxygen species exist in all aerobic cells in balance with 

biochemical antioxidants. Oxidative stress occurs when this critical balance is 

disrupted because of excess ROS, antioxidants depletion, or both. To counteract 

the oxidant effects and to restore redox balance, cells must reset important 

homeostatic parameters (Waris et al., 2006). 
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2.3.3 Oxidative Stress Relative disease 

Oxidative stress in cell related to many diseases such as cancer, 

cardivascular disease and rheumatoid arthritis. 

1. Cancer 

Oxidative stress participated in the initiation of proliferation of tumour 

cells. The effect of oxidative stress at a certain stage of carcinogenesis is directly 

related to the type and the reactivity of the radicals involved (Valko et al., 2004). 

Celullar redox imbalance was induced by oxidative stress. Celullar redox 

imbalance has been found to be present in various cancer cells compared with 

normal cells; thus may be related to oncogenic stimulation. DNA mutation is a 

critical step in carcinogenesis and elevated levels of oxidative DNA lesions have 

been noted in various tumours, strongly implicating such damage in the etiology 

of cancer. To date, more than 100 oxidised DNA products have been identified. 

ROS-induced DNA damage involves single or double-stranded DNA breaks, 

purine, pyrimidine, or deoxyribose modifications and DNA cross-links (Valko et 

al., 2007 ). 

2. Cardiovascular disease 

Vascular endothelial cells producing large amounts of reactive oxygen 

species (ROS) which play a major role in oxidative stress of cardiovascular 

diseases. The principle sources of ROS in the vasculature include NAD(P)H 

oxidase, xanthine oxidase, uncoupled endothelial nitric oxide synthase (eNOS), 

and the mitochondrial respiratory chain (Inagi, 2006). 

3. Rheumatoid arthritis 

Rheumatoid arthritis (RA) is considered a systemic autoimmune disease 

with a main characteristic of chronic joint inflammation that ultimately leads to 

joint destruction (Schellekens et al., 2000). 
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Rheumatoid arthritis initiated by immune complexes and complement, 

perpetuated by cytokines and affected by metalloproteinases (Weissmann, 2006). 

2.4 Antioxidant 

Life evolved after the Earth went through a violent raging bombardment 

that was accompanied by a high number of catastrophic events and the appearance 

of large quantities of molecular oxygen some 3.8 billion years ago, all of which 

favored the formation of free radicals. Such harsh conditions could have easily 

have been the impetus for adaptation of early organisms as without the evolution 

of powerful antioxidants, life would never have survived. The ancient Egyptians 

preserving dead bodies with plants whose extracts are rich in phenolic compounds 

(Ndhlala et al., 2010).  

Antioxidants are substances that help cells from damage that may be cause 

by unstable molecules called free radicals. An antioxidants have capabilities of 

slowing and preventing the oxidation of other molecules by removing free radical 

intermediates and inhibit other oxidation reactions by being oxidized themselves 

(Hamid et al., 2010). 

Percival (1996) stated that antioxidants help to protect the cells and organ 

systems of the body against reactive oxygen species. Humans have evolved into 

highly sophisticated and complex antioxidant protection system. It involves a 

variety of components, both endogenous and exogenous in origin. Their function 

are interactively and synergistically to neutralize free radicals. These components 

include: 

1. Nutrient derived antioxidants like ascorbic acid (Vitamin C), tocopherols 

and tocotrienols (vitamin E), carotenoids and other low molecular weight 

compounds such as glutathione and lipoic acid. 

2. Antioxidant enzymes, e.g., superoxide dismutase, glutathione peroxidase 

and glutathione reductase, which catalyze free radical quenching reactions. 
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3. Metal binding proteins, such as ferritin, lactoferin, albumin and 

ceruloplasmin that sequester free iron and copper ions that are capable of 

catalyzing oxidative reactions. 

4. Numerous other antioxidant phytonutrients present in a wide variety of 

plant foods. 

2.4.2 Determination of Scavenging Activity Against DPPH 

One such method that is currently popular is based upon the use of the 

stable free radical diphenylpicrylhydrazyl (DPPH). The molecule of 1,1-diphenyl-

2-picrylhydrazyl (1) is characterised as a stable free radical by virtue of the 

delocalisation of the spare electron over the molecule as a whole, so that the 

molecules do not dimerise, as would be the case with most other free radicals. The 

delocalisation also gives rise to the deep violet color, characterised by an 

absorption band in ethanol solution centered at about 520 nm. When a solution of 

DPPH is mixed with that of a substance that can donate a hydrogen atom, then 

this gives rise to the reduced form (2) with the loss of this violet color (although 

there would be expected to be a residual pale yellow color from the picryl group 

still present) (Molyneux, 2004).  

 

Figure 2. Diphenylpicrylhydrazil pathway (Molyneux, 2004) 
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Figure 3. Pathways of Lipid Peroxidation (Marnett, 1999) 

2.5 Lipid Peroxidation 

Lipid peroxidation initiated by any primary free radical of sufficient 

reactivity to subtract an allylic hydrogen atom from a reactive methylene group of 

polyunsaturated fatty acid side chains. The formation of the initiating factors is 

accompanied by bond rearrangement that results in stabilization by diene 

conjugate formation. The lipid radical then takes up oxygen to form the peroxy 

repeated many times (Dzingirai et al., 2007). 
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Lipid had basic reaction that showed in Figure 3. Polyunsaturated fatty 

acid containing one or more methylene groups positioned between cis double 

bounds. The groups are highly reactive to oxidizing agents and their hydrogen 

atoms removed to form carbon centered radicals (1). Carbon centered radicals 

react with O2 to form peroxy radicals at a rate that is limited only by diffusion. 

Thus, the initial products of polyunsaturated fatty acid oxidation are peroxy 

radicals. The fate of the peroxyl radical depends on its position in the carbon 

chain of the fatty acid. If the peroxy radical exists at one of the two ends of the 

double bond system (2), it is reduced to a hydroxyperoxide. Conjugated diene 

hydroperoxides such as (4) are the simplest products of lipid peroxidation and are 

relatively stable in the absence of metals. However, metal complexes and 

metalloproteins are abundantin cells and they rapidly reduce all fatty acid 

hydroperoxides by one electrone to alkoxyl radicals, which undergo multiple 

chemical reactions to generate a broad range of products. Thus, even the simplest 

initial lipid peroxidation products produce a complex range of epoxides, 

hydroperoxides and carbonyl compounds (Marnett, 1999).  

2.5.1 Ferric Thiocyanate and Thiobarbituric Acid Method  

The ferric thiocyanate method was used to measure the amount of 

peroxide at the beginning of lipid peroxidation, in which peroxide will react with 

ferrous chloride and form ferric ions. Ferric ions will then unite with ammonium 

thiocyanate and produce ferric thiocyanate. The substance is red, and denser color 

is indicative of higher absorbance. The thiobarbituric acid  method measures free 

radicals present after peroxide oxidation (Aqil et al., 2006). 

This method was used to measure the peroxidation level evaluation. 

During linoleic acid oxidation, peroxides are formed (primary products of 

oxidation), which oxidize Fe
2+

 to Fe
3+

. The latter ions form a complex with 

thiocyanate (Miguel, 2010). Thiobarbituric acid reactive substance method 

measures the malondialdehyde (MDA) formed after lipid hydroperoxide 

decomposition (secondary products of oxidation), which forms a pink 
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chromophore with thiobarbituric acid (TBA). This coloured complex, which 

absorbs at 532 nm, results in the condensation of TBA and malondialdehyde in an 

acidic environment (Miguel, 2010). 

2.6 Species Treaties of Blumea balsamifera 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Aerial parts from B. balsamifera (1, 2, 3) 

http://enervon.com/2012/02/blumea-balsamifera/ 

1. Flower 

2. Stem 

3. Leaves 

 

 

(1) (2) 

(3) 
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Figure 5. B. balsamifera 

http://tanamanherbal.wordpress.com/2007/12/16/sembung/ 

Kingdom  : Plantae 

Subkingdom  : Viridaeplantae   

Infrakingdom  : Streptophyta  

Division  : Tracheophyta 

Subdivision  : Spermatophytina 

Infradivision  : Angiospermae   

Class   : Magnoliopsida                        

Superorder  : Asteranae                             

Order   : Asterales                                 

Family   : Asteraceae (Compositae) 

Genus   : Blumea   

Species  : balsamifera  

 

 

 

http://tanamanherbal.wordpress.com/2007/12/16/sembung/
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From (Alonzo, 1999) some data of B. Balsamifera were collected and 

summarized. Some synonyms from B. Balsamifera are B. appendiculata (Blume) 

DC. (1836), B. grandis (Wallich) DC. (1836), B. zollingeriana C.B. Clarke (1876). 

This plants known as ngai camphor (English), ai na xiang (Chinese), sambong 

(Tagalog), sembung (Indonesia). Collected data showed that B. balsamifera 

distributed around Asia such as India, Myanmar, China, Taiwan, Malaysia, 

Indonesia and Philippines.  

Table 3. Chemical constituents of B. balsamifera  (flavonoid) 

Flavonoid  Reference 

Dihydroquercetin-7-methylether  (Nessa et al., 2004) 

Dihydroquercetin-7,4´-dimethylether        (Nessa et al., 2004) 

5, 6, 3´, 5´-tetrahydroxyflavanone   (Nessa et al., 2004) 

3´,4´,5-trihydroxy-7-methoxyflavanone  (Ali et al., 2005) 

3-O-7〞-biluteolin    (Ali et al., 2005) 
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III. METHODOLOGY 

3.1. Time and Place 

 This research was conducted in the Laboratory of Natural Products at 

National Pingtung University of Science and Technology in Pingtung, Taiwan. 

Research was conducted for 9 months from September 2011 until May 2012. 

3.2. Research Stage 

3.2.1. First stage of Research Including Extraction, Partition, Isolation and 

Purification of Blumea balsamifera 

 Samples of B. balsamifera plant were collected and air dried, samples 

were extracted with MeOH by ultrasonic extraction combined with maceration. 

The crude methanol extract was concentrated by rotary vacuum evaporator. Crude 

methanol extract then partitioned sequentially using ethyl acetate and n-butanol. 

Isolation and purification of B. balsamifera aerial parts were conducted with 

various isolation and purification methods such as Thin Layer Chromatography, 

Column Chromatography and High Performance Liquid Chromatography. The 

structure of active compound was elucidated by spectral methods. The active 

compound was evaluated its bioactivity by some bioassay methods. 

3.2.1.1 Parts of Plant Were Used 

 The aerial parts of B. Balsamifera were used in this experiment. Plant was 

collected from National Pingtung University of Science and Technology area. 
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3.2.1.2 Sample Preparation 

Sample were collected, cleaned and dried. 75.5 g dried sample of aerial 

parts was used for the further step. 

3.2.1.3 Extraction 

Extraction were conducted using ultrasonic extraction method combined 

with maceration using 95% methanol with comparison 1 parts of sample was 

soaked on 20 parts of methanol. Sample was sonicted for 20 minutes followed by 

liquid filtration. The first section was repeated for 3 times. Before sample left over 

night, methanol was added and sample was sonicated for 20 minutes. After 24 

hours before sample filtrated, sample was sonicated for 20 minutes. The next step, 

sample was added with methanol and left for 48 hour. After 48 hour liquid 

filtration was conducted and followed by concentrated sample using rotary 

vacuum evaporator to obtain residue. 

3.2.1.4 Partition 

Crude methanol extract was partitioned sequentially to obtain various 

layers by polarity differences. The crude methanol extract was suspended in water 

and partitioned sequentially using ethyl acetate and n-butanol. Partition was 

conducted using separatory funnel. 1 part of ethyl acetate or n-butanol was added 

with 1 part of water as solvent comparison. For ethyl acetate layer was formed 

after 20 minutes. The water residue of ethyl acetate partition process was used for 

further step to obtain n-butanol layer. This process was taken for 1 hour to obtain 

n-butanol layer after water residue was added with n-butanol. Each step was 

repeated for 3 times. Each layer was concentrated under rotary vacuum evaporator 

at 40°C to obtain green residue and used for further bioactivity analysis 
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Figure 6. Extraction and partition flowchart 

3.2.1.5 Isolation Using Column Chromatography 

The ethyl acetate layer was isolated by column chromatography. The ethyl 

acetate layer was subjected on silica gel (230-400 mesh, E. Merck) with column 

size 2x60 cm. Hexane and ethyl acetate solvent mixtures was used as an eluent by 

increasing the polarity. Fraction were collected in erlenmeyer about 100-200 ml. 

Each fraction from column chromatography then confirmed by thin layer 

chromatography. Based on the TLC figure, fraction with the similar spots or 

bands appearance were collected as major fraction 

 

 

 

 

 

Extracted with MeOH 

Partitioned with Ethyl acetate/H2O 1:1 

Air dried sample from aerial parts of 

Blumea balsamifera 

Methanol Extract 

Ethyl acetate layer 
Water layer 

n-BuOH layer Water layer 

Partitioned with n-BuOH/H2O 1:1 
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Table 4. Eluent for silica column chromatography of EtOAc layer of B. 

balsamifera 

Fraction     Solvent composition and ratio                          Volume      

fr. 1 n-hexane 2000 mL 

fr. 2 n-hexane/ EtOAc (99/1) 3000 mL 

fr. 3 n-hexane/ EtOAc (95/5) 1500 mL 

fr. 4 n-hexane/ EtOAc (92/8) 1500 mL 

fr. 5 n-hexane/ EtOAc (90/10) 1500 mL 

fr. 6 n-hexane/ EtOAc (88/12) 1500 mL 

fr. 7 n-hexane/ EtOAc (85/15) 5000 mL 

fr. 8 n-hexane/ EtOAc (83/17) 1500 mL 

fr. 9 n-hexane/ EtOAc (80/20) 1500 mL 

fr. 10 n-hexane/ EtOAc (78/22) 1500 mL 

fr. 11 n-hexane/ EtOAc (75/25) 1500 mL 

fr. 12 n-hexane/ EtOAc (70/30) 1500 mL 

fr. 13 n-hexane/ EtOAc (68/32) 1500 mL 

fr. 14 n-hexane/ EtOAc (65/35) 1500 mL 

fr. 15 n-hexane/ EtOAc (60/40) 1500 mL 

fr. 16 

fr. 17 

EtOAc  

MeOH 

2000 mL 

5000 mL 

3.2.1.6 Thin Layer Chromatography (TLC) 

Thin Layer Chromatography is a separation method was used to identify 

compounds present in a given mixture (mobile phase). Samples were dried by 

rotary vacuum evaporator and dissolved in dichloromethane. Samples then 

developed with the suitable eluent. Compound separation was detected using UV 

absorption at short wavelength (254 nm) and long wavelength (365 nm). After 

UV absorption was observed, silica plate then soaked into H2SO4 10% (v/v) 

solution for 10 seconds and air dried. Silica plate then heated at hot plate 100°C 

 



 
 

23 
 

until the silica plate show color changes and bands appear. Major fractions were 

collected based on the similiarities bands and spot appereance from TLC result. 

3.2.1.7 High Perfomance Liquid Chromatography (HPLC)  

 0.3245 g of fraction one from ethyl acetate layer column chromatography 

result was separated using preparative high performance liquid chromatography. 

The preparative HPLC equipment used was Hitachi L-7110 LaChro Elite (Hitachi 

Inc., Japan) chromatography system, equipped with Waters R401 Differential 

Refractometer Detector and Bischoff Differential Refractive Index Detector RI 

8120. The stationary phase used was preparative Thermo hypersil-keystone 

BETASIL silica 100 (5μm, 250×10mm). As mobile phase 3 part of 

dichloromethane liquid was mixed with 1 part of ethyl acetate. The injection 

volume was 2 ml at a flow rate 1 mL/minutes. The HPLC results were collected in 

a vial. Spots and bands appearances were confirmed by TLC. 0.2 g of pure 

compound termed as IA1 was found and the structure compound was further 

elucidated by NMR analysis. 

3.2.1.8 NMR (Nuclear Magnetic Resonance) Analysis 

 
1
H NMR and 

13
C NMR spectra were measured using Varian, the Mercury 

Plus 400 MHz, NMR. TMS (tetramethylsilane) were used as internal standard, δ 

chemical shifts s as single peak (the singlet); d as the double peaks (doublet); t for 

three peaks (triplet); q for the quadrapole peaks (quartet); br stands for the broad 

peak (broad); m represents the multiple peaks (a multiplet) 

 Hydrogen nuclear or carbon nuclear test were conducted by dissolved 

samples in deuterated solvent of chloroform-d, kept sample in 5 mm NMR tube, 

determined by nuclear magnetic resonance and see their electromagnetic wave 

absorption signal. Chemical shifts expressed in parts per million (ppm) relative to 

tetramethylsilane as an internal standard. 
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3.2.2 Second Stage of Research: The Bioactivity Analysis from B. 

balsamifera 

Antioxidant activity of crude methanol extract, partition layer and pure 

compound was conducted by various methods. Antioxidant activity was 

conducted by their determination of scavenging activity against DPPH while the 

inhibition of lipid peroxidation production was conducted by FTC and TBA 

methods. 

3.2.2.1 Determination of Scavenging Activity against DPPH 

Radical Scavenging activity against DPPH radical was determined with 

some modification according to Shimada et al. method (Shimada et al., 1992). 

Measured 2.1 mg DPPH radical and dissolved in 10 ml methanol as a 400 µM 

solution (final concentration is 0.4 mM). DPPH solution (150 µl) was added to 50 

µl of tested samples or BHT (2 mg/mL) in methanol in each well of a 96-well flat-

bottom EIA microtitration plate. The mixture kept in the dark for 90 min. The 

absorbance was measured using elisa reader at 517 nm (Thermo Scientific 

Multiskan FC Microplate Photometer) against methanol without DPPH as the 

blank reference.  

The percentage of DPPH scavenging effect was calculated using the 

following equation: 

Scavenging effect (%) :  [ 1- (A / A0)] × 100 % 

Where A is the absorbance of samples and A0 is the absorbance of the control 
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3.2.2.2 Ferric Thiocyanate  

Ferric thiocyanate and thiobarbituric acid was conducted using Mackeen et 

al. method (Mackeen et al., 2000). Phosphate buffer 0.05 M (pH 7.0) prepared by 

measured 3.55 g of Na2HPO4 (Disodium hydrogen phosphate) and 3.45 g of  

NaH2PO4H2O (Monosodium phosphate monohydrate). Dissolved in 1 l of double 

destiled water (ddH2O). Measured pH value by pH meter (Sintex PH meter sp-

2300). 

 1 mg sample was measured and dissolved in 1 ml ethanol (99.5%) and 

then put into screw cap vial 7 mL, added 1.025 ml of 2.5% linoleic acid, 2.0 ml of 

0.05 M phosphate buffer (pH 7.0) and mix solution with 0.975 ml of double 

destiled water. Solution were put in oven in dark place at 40°C for 24 hour. 

 After 24 hours incubation, 25µL solution mixed with 2.45 ml 75% ethanol 

(v/v) and 25 µL 30% ammonium thiocyanate. Three minutes after added 25 µL 

3.5% hydrochloric acid in 2x10
-2

 M ferrous chloride, measured the absorbance of 

mixtured solution at 550 nm in ELISA reader (Thermo Scientific Multiskan FC 

Microplate Photometer). This step were repeated every 24 hour interval until the 

control reach its maximum absorbance value. 

3.2.2.3 Thiobarbituric Acid 

 The same samples prepared for FTC method were used. To 0.3 ml of 

sample solution was added 0.3 ml of 20% trichloroacetic acid and 0.5 ml of 

0.67% thiobarbituric acid. The final sample concentration was 0.02% w/v. Kept 

sample in water bath 100°C for 10 minutes. After cooling in room temperature, it 

was centrifuged at 3000 rpm for 20 minutes. Absorbance was measured at 532 nm 

in ELISA reader (Thermo Scientific Multiskan FC Microplate Photometer) by 

take out 200 µL of supernatant and put in 96 well microtitre plate. 
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3.3 Data Analysis  

 Data analysis for sample preparation, extraction, and partition presented in 

gram (g). 

 For DPPH and TBA assays, experiments were done in 4 replicate. The 

average of 4 replicate was added with standard deviation. Data were presented in 

graphic or table. 

3.4 Research Framework 

 

 

 

 

 

 

 

  

 

 

Figure 7. Research framework 
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IV. RESULTS AND DISCUSSION 

4.1 Results 

4.1.1 First Stage Experiment Results 

4.1.1.1 Extraction, Partition and Isolation Results 

 Extraction and partition was conducted to obtain several extract by 

polarity differentiation. 75.5 g of dried aerial part of B. balsamifera was extracted 

using methanol to obtain 7.5 g of crude methanol extract. Crude methanol extract 

was partitioned sequentially. Partition process was obtained 2.5 g of ethyl acetate 

layer, 0.1 g of n-butanol layer and 4.3 g of water layer. 

 

 

 

 

 

 

 

 

 

Figure 8. Extraction, partition and purification result 

 Ethyl acetate layer was used for further isolation by using column 

chromatography. 17 fractions were obtained and fraction one was used for further 

IA1 (0.2 g) 
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purification by HPLC. Compound IA1 was purified by HPLC and the structure 

compound was elucidated by NMR analysis. 

Table 5. The weights and extraction percentages of partitions of B. balsamifera 

Sample Name Weight (g) Percentages (%) 

Ethyl Acetate layer 2.5828 3.42 

n-BuOH layer 0.1096 0.14 

Water layer 4.3539 5.76 

Total 7.0463 9.32 

 Each partition layer weight was compared to the dried aerial parts weights 

of B. balsamifera. As seen on table 5, each partition layer percentages were 

represented each yield from partition process. This data was important to see how 

many percent could be obtained by using specific solvent. During partition 

process crude methanol extract was lost some weight. It was explained the 

differentiation between total weights from partition layer with the current crude 

methanol extract. 
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4.1.1.2 Colum Chromatography Results 

Table 6. The weights of major fractions from column chromatography result 

No. Fraction Weight 

1. Fr 1 0.3245 g 

2. Fr 2 0.1011 g 

3. Fr 3 0.1076 g 

4. Fr 4 0.1024 g 

5. Fr 5 0.0509 g 

6. Fr 6 0.0342 g 

7. Fr 7 0.0934 g 

8. Fr 8 0.1517 g 

9. Fr 9 0.2193 g 

10. Fr 10 0.2574 g 

11. Fr 11 0.2960 g 

12. Fr 12 0.0953 g 

13. Fr 13 0.0960 g 

14. Fr 14 0.0771 g 

15. Fr 15 0.1936 g 

16. Fr 16 0.2226 g 

17. Fr 17 0.6663 g 
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Ethyl acetate layer was subjected on silica gel to obtain seventeen 

fractions and among them fraction one shown potential antioxidant activity with 

0.3245 g. Fraction one was used for further purification due to the TLC figure 

(picture not shown). Spots and bands appearance that shown by TLC figure in 

fraction one was simple for further purification.  

4.1.1.3 Nuclear Magnetic Resonance Result 

0.2 g of compound was obtained using preparative HPLC and termed as 

IA1. The TLC figure (picture not shown) proved that IA1was single compound. 

The structure was elucidated by its 
1
H and 

13
C NMR spectrum. Based on literature 

(Kwon et al., 2001), the compound structure was determined as eugenol. 

Eugenol (IA1) 

 

 

 

 

 

 

 

 

 

 

1
H NMR chemical shifts of IA1 (CDCl3) 

13
C NMR chemical shifts of IA1 (CDCl3)
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Table 7. 
1
H and 

13
C data for compound IA1 (400 and 100 MHz in CDCl3) 

position δC δH position δC  δH 

1 137.8  1´ 39.9 3.31 br.d  (6.84) 

2 115.5 6.84 d (8.8) 2´ 131.9 5.95 m 

3 143.9  3´ 114.3 5.06 m 

4 146.4  OCH3 55.8 3.86 s 

5 115.5 6.71m OH  5.55  br. s 

6 121.2 6.71m    

      

 

Data compound 

Eugenol (IA1) (0.2 g) : Pale yellow oil: 
1
H NMR (400 MHz, CDCl3) δ: 3.31 (2 H, 

br. d J= 6.8 Hz, H-1´), 3.86 (3H, s, OCH3), 5.95 (1H, m, H-2´ ), 5.06 (2H, m, H-

3´), 6.84 (1H, d, J= 8.8 Hz, H-2), 5.55 (1H, br. s, OH), 6.71(2H, m, H-5 and H-6); 

13
C NMR (100 MHz, CDCl3 ) δ: 137.8 (C-1), 115.5 (C-2), 143.9 (C-3), 146.4 (C-

4), 115.5 (C-5), 121.2 (C-6), 39.9 (C-1´), 131.9 (C-2´), 114.3 (C-3´), 55.8 (OCH3). 
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4.1.1.3.1 
1
H NMR Spectrum from IA1  

 

 

 

 

 

 

 

 

Figure 9. 
1
H-NMR spectrum of compound IA1 (400 MHz, CDCl3) 

From 
1
H-NMR spectrum of compound IA1 chemical shift signals were 

indicated molecular formula of eugenol. Chemical shifts showed 4 multiple peaks 

(multiplet), 2 double peaks (doublet) and 2 single peaks (singlet) signals. 

Furthermore proton chemical shifts confirmed with 
13

C-NMR spectrum for 

structure identification of compound IA1. 
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4.1.1.3.2 
13

C NMR Spectrum from IA1  

 

 

 

 

 

 

 

 

 

Figure 10. 
13

C-NMR spectrum and DEPT of compound IA1 (100 MHz, CDCl3) 

 From 
13

C-NMR spectrum and DEPT of compound IA1, 10 carbons signals 

were found. The data showed carbon formed with number of various carbon C (3), 

CH (4), CH2 (2), CH3 (1). Data was compared with 
1
H-NMR spectrum to obtain 

more information according this compound structure.  
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4.1.2 Second Stage Experiment Results 

4.1.2.1 Determination of Scavenging Activity against DPPH 

 

 

 

 

 

 

 

Figure 11. DPPH scavenging effect graphic from crude methanol extract and 

partition layers at concentration 125 µg/mL 

Table 8. DPPH scavenging effect from crude methanol extract and partition layers 

at concentration 125 µg/mL 

Sample  

name 

BHT 

125 µg/mL 

Methanol 

125 µg/mL 

Ethyl acetate 

125 µg/mL 

Butanol 

125 µg/mL 

Water 

125 µg/mL 

% 

Inhibition 
94.6±0.3434 36.2±3.2917 80.6±0.0480 29.5±3.9799 11.5±4.1018 
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Figure 12. DPPH Scavenging effect graphic at concentration 125 µg/mL from  

fractions of column cromatography result 

Data from figure and table aboved were the DPPH scavenging effect from 

crude methanol extract and partition layers with concentration 125 µg/mL. The 

highest scavenging effect showed by ethyl acetate layer with 80.6% inhibition and 

the lowest showed by water layer with 11.5% inhibition. Ethyl acetate layer were 

used for further isolation related their capability against DPPH. 

As can be seen in figure. 12, fraction 1 was showed the highest DPPH 

scavenging at concentration 125 µg/mL with 95.3% inhibition. Fraction 5 was 

showed the lowest inhibition with only 0.3%. Fraction one was used for further 

isolation by HPLC and identify its related compound that responsible for their 

DPPH scavenging effect by NMR. Fraction one was used for further analysis due 

to the TLC figure (picture not shown) which showed simple spots and bands 

appearances. 

 

 



 
 

36 
 

Table 9. DPPH scavenging effect at concentration 125 µg/mL from fractions of 

column cromatography result 

No. Sample % Inhibition 

1. BHT 95.8±0.1434 

2. Fr 1 95.3±0.2170 

3. Fr 2 95.5±0.1053 

4. Fr 3 56.1±1.5016 

5. Fr 4 29.3±2.2258 

6. Fr 5 0.3±2.2258 

7. Fr 6 5.1±5.7854  

8. Fr 7 41.5±1.4296 

9. Fr 8 22.8±1.8850  

10. Fr 9 4.3±5.4900 

11. Fr 10 18.8±4.7664  

12. Fr 11 26.5±4.9452  

13. Fr 12 25.5±3.0919 

14. Fr 13 20.4±1.4515 

15. Fr 14 19.6±2.0444 

16. Fr 15 38.0±5.8342  

17. Fr 16 45.6±6.6386  

18. Fr 17 58.6±4.0643 
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Compound or substance which has scavenging effect against DPPH should 

determine the IC50 value. The IC50 value was needed to determine compound or 

substance concentration that has 50% inhibition against DPPH. The IC50 value 

was evaluated by plotting curves of percent DPPH inhibition against different 

concentration. 

 

 

 

 

 

 

 

Figure 13. DPPH Scavenging effect IC50 value of BHT 

Table 10. DPPH Scavenging effect IC50 value of BHT 

Sample Name BHT 0.97µg/mL BHT 1.95 µg/mL BHT 3.90µg/mL 

Average 

Inhibition 27.6±1.6557 38.0±1.4553 59.3±4.1610 
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IC50 Value:  

y : inhibition percentage  

x : concentration  

y = ax + b  

50 = 10.9 x + 16.55  

x = (50-16.55)/10.9 

x = 3.06 µg/mL  

IC50 Value of BHT are 3.06 µg/mL  

 From concentration 0.97-3.90 µg/mL, IC50 value of BHT calculated by 

linear regression with equation y = 10.9 x+16.55. IC50 value of BHT was 3.06 

µg/mL.
 

 

 

 

 

 

 

Figure 14. DPPH Scavenging effect IC50 value  of  ethyl acetate layer 

Table 11. DPPH Scavenging effect IC50 value of ethyl acetate layer  

Sample name 
EA 

15.625 µg/mL 

EA 

31.25 µg/mL 

EA 

62.5 µg/mL 

EA 

125 µg/mL 

Average 

Inhibition 
11.9±0.0592 20.4±0.0270 42.1±0.0096 80.6±0.0480 
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IC50 Value:  

y  : inhibition percentage 

x  : concentration  

y  = ax + b  

50 = 0.633x + 1.706 

x = (50-1.706)/0.633  

x = 76.29 µg/mL 

IC50 Value of ethyl acetate layer are 76.29 µg/mL 

 From concentration 15.62-125 µg/mL, IC50 value of ethyl acetate layer 

calculated by linear regression with equation y = 0.633x + 1.706. IC50 value of  

ethyl acetate layer  was 76.29 µg/mL. 

 

 

 

 

 

 

Figure 15. DPPH Scavenging effect IC50 value of Eugenol 

Table 12. DPPH Scavenging effect IC50 value of Eugenol 

Sample Name 
Eugenol  

0.97 µg/mL 

Eugenol  

1.95 µg/mL 

Eugenol 

3.90 µg/mL 

Eugenol  

7.81 µg/mL 

Average 

Inhibition 
21.8±0.0977 29.3±0.1333 37.7±0.1886 55.7±0.1209 
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IC50 Value:  

y  : inhibition percentage  

X : concentration  

y  = ax + b  

50 = 4.801 x + 18.62  

x = (50-18.62)/4.801  

x = 6.53 µg/mL  

IC50 Value Eugenol layer are 6.53 µg/mL  

 

From concentration 0.97-7.81 µg/mL, IC50 value of eugenol calculated by 

linear regression with equation y = 4.801 x + 18.62. IC50  value of eugenol was 

6.53 µg/mL. 

4.1.2.2 Ferric Thiocyanate and Thiobarbituric Acid Assays 

 

 

 

 

 

 

 

Figure 16. Ferric Thiocyanate assay of eugenol, crude methanol extract and 

partition layers from B. Balsamifera at concentration 0.02 % (w/v) 

Ferric thiocyanate method was used to determine lipid peroxidation 

produced at initial stage. This method was conducted by measured the absorbance 
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of lipid peroxidation production with final concentration was 0.02% w/v. 

Measurement was stopped after seven days. Control without sample or positive 

control added was reached maximum absorbance with 0.8517. The absorbance 

value of BHT widely known as synthetic antioxidant was 0.5367. Eugenol was 

showed slightly lower absorbance value compared with BHT with 0.5628. As 

seen in Figure. 16, crude methanol extract was showed the lowest absorbance 

value with 0.5759 compared with n-butanol layer which had the highest 

absorbance value with 0.6131. The absorbance value indicated that the lower 

absorbance was produced the smaller lipid peroxidation amount. 

Table 13. Percent inhibition of lipid peroxidation production from ferric 

thiocyanate assay 

No. Sample Percent Inhibition 

1. BHT 32.6 % 

2. Eugenol 33.9 % 

3. MeOH 32.3 % 

4. EA 30.9 % 

5. n-BuOH 28.1 % 

6. Water 31.0 % 

 

Eugenol inhibit 33.9% lipid peroxidation product at initial stage while BHT as 

a positive control showed 32.6% inhibition. Methanol crude extract showed 

32.3% inhibition slightly higher than partition layer. 
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Figure 17. Thiobarbituric assay of eugenol, crude methanol extract and partition 

layers from B. Balsamifera at concentration 0.02% (w/v) 

Table 14. Percent inhibition of lipid peroxidation production from thiobarbituric 

acid assay 

No. Sample Percent Inhibition 

1. BHT 68.3±0.0014% 

2. Eugenol 59.1±0.0074% 

3. MeOH 47.4±0.0208% 

4. EA 49. 5±0.0008% 

5. n-BuOH 40.7±0.0158% 

6. Water 50.3±0.0066% 

 As can be seen in Table. 14, BHT as a positive control was observed to be 

68.3% inhibition of lipid peroxidation production at later stage. Eugenol was 

showed 59.1% inhibition slightly less than BHT. From crude methanol extract and 
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partition layers were determined that water layer shown the highest with 50.3% 

inhibition of lipid peroxidation production at later stage. 

4.2 Discussion 

Ethyl acetate layer from B. balsamifera was partitioned and purified by 

column chromatography and high performance liquid chromatography. From 

HPLC result and confirmed by TLC one compound termed as IA1 was identified 

by NMR analysis. Based on 
1
H NMR and 

13
C NMR spectrum analysis and 

database from literature (Kwon et al., 2001), compound was confirmed as eugenol. 

Eugenol or (2-Allyl-4-methoxyphenol) is a member of phenylpropanoid class 

with empirical formula of C10H12O2, it is a colorless to yellow pale liquid usually 

extracted from certain essential oil like clove buds, cinnamon and bay leaf.  

1
H-NMR of phenylpropanoid class showed signals of aromatic protons 

around 6-8 ppm their multiplicities and coupling constants allow a clear structural 

assignment even with low resulotion spectra. A singlet in 3.86 ppm due to the 

protons of the methoxy group, a complex signal around 5.95 ppm due to the two 

trans-configured olefinic protons. A doublet around 6.84 ppm due to its 

characteristiy of 4 protons of an aromatic ring with their coupling constant value 

around 8.8 Hz  (Leyva et al., 2012). 

Obviously by concentration-dependent, ethyl acetate layer of B. 

Balsamifera shown potential antioxidant activity with IC50 value of 76.29 µg/mL. 

Previous study  at B. balsamifera whole plant methanolic extract was observed the 

antioxidant activity with IC50 value of 74 µg/mL (Shyura et al., 2005). Compared 

with the previous study this present study IC50 value was slightly lower, this 

differences might caused  by the different part of sample were used and the DPPH 

concentration. Present study was used 0.4 mM DPPH concentration while other 

studies was used 0.1 mM (Krishnaiah et al., 2011; Shyura et al., 2005). The 

present study was observed the antioxidant activity from aerial parts of B. 

balsamifera while the previous study was used the whole plant of B. balsamifera. 
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Eugenol (IA1) was obtained from aerial parts of B. balsamifera ethyl 

acetate partition layer. Eugenol was showed antioxidant activity with IC50 value of 

6.53 µg/mL. BHT as the widely known synthetic antioxidant were used in this 

present study shown two times higher antioxidant activity with IC50 value of 3.06 

µg/mL compared with eugenol. Previous study reported that IC50 value of eugenol 

scavenging effect towards DPPH was 6.89 µg/mL (Sribusarakum et al., 2004). 

Compared with previous study the IC50 of eugenol was obtained from aerial parts 

of B. balsamifera ethyl acetate partition layer was better. Eugenol known for their 

ability as antioxidant constituents and also some biological activities such as 

antibacteria (Leite et al., 2007). Eugenol isolated from the essential oil of Eugenia 

caryophyllata work as a inducer in reactive oxygen species-mediated apoptosis in 

cell leukimia cancer HL-60 (Yooa et al., 2005). Eugenol also showed lipid 

peroxidation catalyzed by soybean lipoxygenase in a concentration dependent 

manner with IC50 value of 380 µM eugenol (Naidu, 1995). The phenolic group in 

eugenol were responsible of hydrogen-donating ability of the antioxidant for the 

free radical scavenging activity.  

Previous study reported that flavonoid compounds from B. balsamifera 

responsible as an antioxidant constituents (Nessa et al., 2004). Currently there is 

no research related eugenol as antioxidant activity from aerial parts of B. 

balsamifera. Many studies was focused on the flavonoid constituents of B. 

balsamifera such as dihydroflavonol BB-1 which showed activity as a abrogates 

TRAIL resistance in leukemia cells (Hasegawa et al., 2006). 

Ferric thiocyanate was used as an indication of lipid peroxidation 

production at initial stage. Higher absorbance was indicated that high 

concentration of peroxides formed. The absorbance of linoleic acid emulsion 

without the addition of sample or BHT increase rapidly. The absorbance was 

measured every 24 hours until reached maximum absorbance where linoleic acid 

emulsion without sample added reach 0.8517 at day seven. BHT as positive 

control inhibit lipid peroxidation 32.6% (final concentration 0.02% w/v) with 

absorbance 0.5736 slightly less than eugenol with inhibition 33.9 %. Crude 
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methanol extract showed 32.3% inhibition while n-butanol layer show the lowest 

with 28.1% inhibition. Low percentage inhibition at ferric thiocyanate assay due 

to the capability of inhibit lipid peroxidation production is less at the initial stage.  

Thiobarbituric assay was used to measure lipid peroxidation production at 

the later stage by produced malondialdehyde and formed pink color as the results. 

This assay was used the products from ferric thiocyanate that had been incubated 

for several days. The measurement conducted at day eight where the absorbance 

of ferric thiocyanate products reach maximum at previous day. BHT as a positive 

control showed 68.3% inhibition with absorbance 0.0894 while linoleic acid 

emulsion without sample added showed absorbance 0.2820. Another study 

showed BHT inhibit lipid peroxidation production at later stage about 63% which 

is similiar to the present study (Faujan et al., 2009 ). Eugenol inhibition is 59.1% 

where it’s similiar with other references that reported the inhibitory effect of 

eugenol on the lipid peroxidation was less potent, and the concentrations of 

eugenol required for 50% inhibition were about 80 µM (Ito et al., 2005).  Crude 

methanol extract and partition layers showed less than 50% inhibition except 

water layer which  was inhibited 50.3% towards lipid peroxidation production at 

later stage using thiobarbituric assay. 
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V. CONCLUSION 

 

5.1 Conclusions 

1. Ethyl acetate layer showed obvious scavenging effect towards DPPH 

as common stable radical compared with crude extract and other 

partition layer. At the concentration of 125 µg/mL ethyl acetate layer 

showed the highest inhibition with 80.6%. Other partition layers such 

as n-butanol layer showed 29.5% inhibition while the lowest is water 

layer with only 11.5%. Crude methanol extract showed 36.2% 

inhibition against DPPH. 

2. The ethyl acetate layer was investigated for their ability to inhibit 

50% of DPPH activity. The IC50 value of ethyl acetate layer was 

76.29 µg/mL. 

3. 17 fractions were obtained from column chromatography of ethyl 

acetate layer and confirmed by TLC. Those fractions were used for 

further analysis. 

4. Fraction 1 from column chromatography obviously showed highest 

scavenging effect towards DPPH with 95.3% inhibition while fraction 

6 only showed 0.3% inhibition.  

5. Ethyl acetate layer was isolated and purified by column 

chromatography to obtain compound IA1 and identified as eugenol 

using 
1
H-NMR and 

13
C-NMR spectra. 

6. Eugenol scavenging effect towards DPPH by hydrogen-donating 

ability showed IC50 value of 6.53 µg/mL which is 2 times less than 

BHT with IC50 value of 3.06 µg/mL.  

7. Inhibition of lipid peroxidation product at initial stage using ferric 

thiocyanate showed that eugenol had 33.3% inhibition as for 

methanol crude extract was inhibited 32.3% and BHT as positive 

control showed 32.6% inhibition. 
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8. Inhibition from later stage of lipid peroxidation product using 

thiobarbituric acid assay showed that eugenol had 59.1% inhibition as 

for partition layer; water layer was inhibited 50.3% and BHT as 

positive control showed 68.3% inhibition.  

5.2 Suggestion 

1. This present study suggested that the aerial parts of B. balsamifera 

are potential source as natural antioxidant.  

2. Other fractions, such as fraction 2 is found to be interesting for 

further isolation and purification to obtain compounds related to 

their bioactive constituents as natural antioxidant. 
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