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ABSTRACT

This paper focuses on the effect of three drving treatments (microwave-, oven- mnd ar-dryng) on
the sntioxidant and antibacterial properties of different issue of Syovginm aromaticion. The microwave-
oven was found to be effective drying method to maintain the antioxidant and antibacterial properties of
unripe fruits, leaves and stems of Seromaticum. The wnnpe fruits exhibit higher TPC, COAC, Vitamm ©
and antibacterial sctivity, followed by leaves and stems. The increasing order for the TFC is stems, mnripe
fruits and leaves. In this study, all the antioxidant compounds correlate well with antioxidant activities that
were determined usmg DPPH and FRAP assay.
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INTRODUCTION

The scarch of healmg powers in plants is @ idea of ancient (Craig. 1999). Since ancient time, plant
extracts are used by man to safeguard himself agminst certain diseases as well as to promote his health. Recenthy,
the demand for herbs and medicinal plants sre becoming high as the number of people that using herbal
remedics in thewr daily life inchined. It was reported that spprosamatety 8086 of the world*s population especially
those in third world countries largely rely on herbs for mamteming their health (Rahmot et ol 2006). Many
aromatic, medicingl and spice plants contain confirmed strong antioxidant possessive components | Mishra et al,
2007). Rescarches and development nowadays in the field of scientific technique explore several non-mutritive
chemicals of plants such as terpenoids and flavanoids that were mitially thought to be not significant to human
dict carrics antiowidant properties (Mishm e ol 2007), Anboxadant as matter of fact are complex compounds
that provides barrier for the body against several devastating discases sech 85 candiac or arterial discases,
arthritis, catarscts, premature agemg and other chronic discascs. Seeing thot plants are susceptible to damage
caused by mctive oxygen. it develops mony antioxidsnt defense systems which eventunlly results m the
formation of potential ontioxidants. Besides., plants have served well humans as a precious component of
seasonmg. beverages, cosmetics, dyes, and medicines.  Syevginme arowticum have been accepled as one of the
most ancient and valuable spices of the Onient (Lecna and Sapna. 2008) mnd looked upon as a source of natoral
antoxidants.

Recently, Deepa and Milliand (201 1) stated that Svzvgium aramaiowm (tropical cloves) considered as
a champion of all the antioxidants known till date. Moreover, Dorman et af, (2000) reported that £
aromaticimexhibits powerful antioccidant activity thet can be compared to the activities of BHA and pyrogallol
which are the synthetic antioxidonts. Leena and Sapna (2008} also stated that the essential oil extracted from 5
aromaticum leaf exhibits scavengmg activity over 2, 2-diphenyl-1-picryl hydrazd (DPPH) radical at lower
concentration compared to engenol, butylated hydroxvioluene (BHT), butylsted hydrocyanisole (BHA) as well
as B considerabie inhibition towards hydroxyl madicals (Gulcin er af, 2004 and Frovetz er al., 2006). The
mboxadant activity of 5. aromaticsm bud extract and 155 aromatic compounds are equivalent to the natural
antioxidant, a-tocopherol {Lee and Shibamato, 2001). In addition, S arematicum also plays an important role in
medicine for its antibacterial, antiseptic and antibiotic properties. According to a study condocted by Shafi et al,
(2002}, it is found that 5. aromaticum possess the antibacterial activity. On the other hand, anti-inflammatory
activity of & armomaticum was reported by Murnganadan er af, (2001} The studies confirmed that spices
mcluding 8. aromaticem able to mhabit the growth md acities of both Gram-negative and Gram-positive
hacteria (Hogue er af, 2008).

This study which focused on antiocidant and antthactenal properties on different tissee of &
aromaticunm namely unnpe fruits, leaves and stems was conducted as there was not much rescarch have been
done on this Malaysian grown species with medicinal value especially by combining effect of different drying
treatments on the total phenofic content (TPC), total flavanoid content (TFC), caffeovlguinic acid content
(COAC), total vitmmn O content, anbioxidant activities (ACA) and sntibactenal sctivities, Besides, the present
sty introduced the effective drving method that can smstain most partial lost of antioxidant activity during the
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drying treatment. Thus, the present study represents the first systematic onalysis that combines the effect of
drving trestments, total phenohics content (TPC), total flavanoid content {TFC), caffeoylguinic content {COAC),
total vitamin C content, anteodmt activioes (AOA) and antibacterial activities on different fissue of S
aronraticant which fulfilled the objectives of the study to determime the antioxidant content from tissues of 5.
aromaticom and its antioxidant sctivity, 3s well as determine the the mntioxidant content from tissues of S,
aromaticum and its antioxidant octivity, as well as determine the comrelation between both of the antioxidant
compounds and is actiity, other than that, anbhactenal activity of those tssues using Gram-negative and
Gram-positive bacteria also being mvestipnted in this study.

MATEHRIALS AND METHODS

Sample Colleciion

Fresh leaves, stems and unmipe frunts samples of 5. anomariciam were collected from the trees st Universin
Putra Malaysia (UPAM), Bangi, Malaysia. The handpicked samples of the leaves. stems and unripe froits were
subjected to various drying treatments within the same working day.

Dirying Treatments

Three different dryving methods namely, microwave-, oven- and nir-drying methods was carmed out. The
different tissue of 8. aromaticum was thoroughly washed 2-3 times wath running tap water before subjected to
drying trestments in order to clean debris and contsmmant In microwave-drying, the plant materials were
subjected to the B00W power mput for 2 mm n o microwave oven (Tnple distnbution system, Samsung). o
oven-drying. the plant materials were subjected to 40°C for 24 hour in oven (Memmert). In air-drying, the plant
materials were air-dried for three days in the Isboratory at ambient temperature of 25-30° C. The fresh samples
were subjected to drying treatment until a constant weight is obtamed. Once, the drying process over, the plent
materials were blendered separately wsing cutting machine (Fritch) mmd were stored ot room temperatere for
further analysis.

Sample Extraction

The three replicates for each sample of grinded leaves, stems and onripe fnots of L1 g were weighed
out using an electronic balsnce (Mettler Toledo). Then, 25ml of distilled water was used to extract the samples
and botled at S0°C-60°C for 30 minutes separately. The extracted samiples were filtered through Whatman Mol
filter paper. Then. filirates chtained were stored at 4°C to be osed for further analysis of antioxidative activity.
The soxhlet extracton method was also used to extract the different tissue of 5 gromaticum for the
determination of anbbacterial activity. The, 30g grmdu:l leaves, stems ond unnipe frutts samples of S
aromaticum were extracted with 175mL of methanol in 8 sochlet extractor. After four hours of extraction, the
honey form extract was stored at 4°C for further use.

Determination af Antioxidant Compounds

Total phenolic content (TPC) of different tissue of 8. aromaticum extracts were conducted using Folin-
Ciocalten assay (Chan et al. 2007y The calibration equation obtained for gallic acid was  y = 0.007x + 0.018
(R = 09817}, where v-axis represents the ahsorbance readings and r-axisrepresents the concentration of gallic
acid used m ppfml The total phenolics content was determined m inphcate.

The total favonoid content of different tissue of & wromaticum extracts was determined using a
method reported by E‘Eumg etal. (2002} on each drying method. The calibration eguation used for guercetm was
¥ 0.018x + 0035
(& = 0.9751) where y-axis represents absorbance readings and x-axis represents the concentration of quercetin
used i pg/ml.The total flavonoids content was determined in triplicate.

Caffeoviguimc acid content (CQAC) of different tissue of 8. aromaticim extracts was conducted using
the mobvbdate assay (Clifford and Wright, 1976). The {'aL[I:num equation wsed for chlormgenic acid was y =
[LREIEES .67
(&' = 09724) where y-axis represents absorbance rmdmg: and x-axis represemts the concemtration of
chlorogenic acid used m pg/ml. The caffeoylguinic acid content was determined in triplicate.

The content of total vitamin C in different tissue of 5 aromaioum extracts was determined osing a
mudified method reported by Davis and Masten (1991) where g of different tissues of 5. aromaricem was
extracted with SmL of phosphate citrate buffer (1% at pH 3.5) in a mortar and pestle The calibrabion equation
used for ascorbic acid v=-0.012x + 1.79) (&7 = 0.9725) where y-axis represents absorbance readings and x-axis
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represents the concentration of ascorbic acid wsed . ppfml. The total vitamm C content was determined
triplicate.

Determination of Antiocidant Activiey

The DPPH free radical-scavenging (FRS) assay was determined method used by Miliauskas o al.
{2004) with some modifications. The | g of different tissue of 3. gromaticum was extracted m 25ml of distilled
water. FRS ability was calculated as 1Cq (half maamal miubitory concentration) and determimed as ascorbic
acid equivalent antioxidant capacity (AEAC) in g AA/MDD g {Leong & Sh, 2002} using the formula given
helow:

AEAC (mg AAN00g) = ICsameoases (1501 sracty X 100, 000

The ICs, of ascorbic acid that adapted for the calculation of AEAC was 0002688 mg/ml. The DPPH
assay was conducted in tnplicate and was repeated thrice. The experiment also was conducted m dark condition.

The FRAP assay was determined by following method reported by Wong et al. (2005). The 1g of
different tissue of 5. aromaticim was extracted in 25mL of distilled water. Antioxidont capacity that depends on
ferric ions reduong ability of the plant extracts was expressed as percent of antioodant. The caleulation for
percent of antioxidant is shown below,

Percent of antioxidant (%) = [(AS93 of sumple-A 593 of control ¥ A593 of sample] x 100
The FRAF assay was conducted in triplicate and was repeated thnice.

Determination af Antibacterial Activity

The Kirbv-Baver disc-diffision method was osed v imoculate the Mueller-Hinton agar plate. The
organism was suspended m 2 ml of sterile saline. The turbidity of the boctenial suspension was standardized
using a specirophoiometer. The absorbance reading ot 625 nm should be 0.1 for the 0.5 McFarland stindard, A
sterile swab was dipped nto the mocuhoms tube and the surface of a Mueller-Hinton agar plate was moculated
with streaking the swab over the entire agar surface three ttimes and each time the plate was rotated nearky 60
degrees. Filter paper disc (6 mm in dizmeter, Whatman No. 1) was picked up with lightly flamed forcep and was
dipped with soxhlet extracted leaves, stems snd unripe fruits of S.aromaticum scparately ((.5g of cxtract
0.1mL of methanol). The filter paper disc was then transferred onto the moculated agar. Streptomyein immersed
filter paper disc and methanol mmersed filter paper disc was wsed 85 positive and negative controls. The
wiorking solution of control antibiotics was prepared with the concentration of lmgfml. Then, the plotes was
imverted and neobated for 24 hours at 37°C. After incobation overnight at 37°C. inhibiton zones was measured
an bottem of plate and recorded to nearest millimeters. The test was carmed out in mphcate and mean value was
calculated. The antibacterial activity of the extracts was expressed based on inhibition percentage of
streptomycin and was classified as strong (+++), moderate (++) mnd weak (+) for the mhibition percentage of
2705, ST and <50%s respectively.

Seatistical Anglysis

All the expenmontal results of the parameters was determined i mplicste and repeated three times.
Moreover, all the results were expressed m means + standard deviation (S0). The data were analyzed using one
way ANOVA. The mean wolues were compared osing Duncan’s multiple range test at 5% (p = 0L05)
significance level with the md of Statistical Package for the Social Sciences (SPSS) software version 16.0 for
windows.

RESULT AND DISCUSSION

The study of anticxidant and antibacterial properties on different tissue of Syzvgiom aromaticum by
combining the effect of different dryving trestments has not been reported previously. Extraction efficiency of
water was determined from different tissue of 5. aromatican on ther total phenolic content (TPC) according .
The first extractions of microwave oven dried tissues vield 87% to 89% mnge, followed by the sccond
extractions that yielded 8-12%. For oven dried tisswes first extraction, the outcome showed a range from 87% to
E9% that homologous to the first extraction of microwave oven extracl. Second extraction on the other hand
yielded higher percentage than the microwave oven extract which s 9% to 10%. Third extractions remamned the
same that is nearly 3% for both oven dried and microwave oven. Together with air dried tissues, triple
extractions of different tissues yielded are 87-90%. 7-9% and 2-3% respectively. Above all, the first extraction
gave supertor vicld over second snd thind extrachions. Prelimmary study show that using the water solvent
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system 15 efficiently to extract the antioxidant propertics in all the three tissue as reported by Kim et al, (2001)
that kot water extracted 5 aronadic exinbits phenolic content { 108.28 pe CEfg) among all other 13 types of
spices that they analyveed. Apart from thot, Abdow er af, (2011) concluded in 8 research on & aromaricum that it
gave the highest percentage of extracting phenolic compound over 10 other edible plants tested with range 57%
to 86% by water-based extraction. It is comparable to Li er @l , (2006) research on Citrus peel that conchedes
polar solvent extracts polar compound which definitely proved the extraction theory. ln the present study, it was
found that micrownve-oven drying method is supenor to other drving methods in retaming the anticoidant and
antibacterial propertics of different tissue of S.aromaricum. The advantage of microwave system which applies
heat at all directions has obviously shown ther effectivencss m drying i this study. The effectivencss of
microwave-oven drying also observed for leaves of Fiter species (Chong and Lim, 2011 ). Oven-drying is found
0 be the next effective drying method and followed by air-drying method. The influences of drying method on
antioxidant activities were tested using two assays; 2. 2-diphenyvl- 1-picryl hydraey] (DPPH) and Faric Reducing
Antioxidant Power (FRAP) whereas the antioxidimt content was tested wsing caffeoylguinic acid content
{CQAC), total phenolic content { TPC), total flavenoid content (TFC) and total vitemin C content. The TPC was
first tested to determine the presence of phenolic compound in 5. aromaticum.

From this study, it was found that unnpe fruits of & cromaticws exhibits highest phenolic compound
regardless on the drving treatments, followed by leaves and stems m TPC test (Table 3.1). This result obvioosky
shows the positive correlation of phenolic compound with the antiooodant activities i 5. aromaticem (Table
3.3). With the increasing smount of phenol compound found inoa plant, it clearly indicates the ability of the
plant as en antioxidant source.  Previous research done by Ronald er al, (1998) on their Faccinum bermes plant
also shows a remarkable correlation between phenolic compounds with the antioxidant behoviour. Additionally,
Kim ef af, (2011) m their study on extraction using hot water extract, found o lorge quantity of phenohc
compound m the 5 gromaricum. TPC as matter of fact was carried out i the first place to provide an estimation
of phenolic content m the sample. The usage of Follin clocalien reagent was able to characterze the compound
in fast snd simple way. On the other hand, TFC shows a contradict outcome with TPC which having leaves as
the greatest contributer of phenol compounds which the same pattern of result was obtamed by Hsu er af,
{2006) that reported Dowmn Palm leaves exhibits higher amount in TFC as compared to Strobilanthes crigpus
plant. This result is in agreement with our present study (Table 3.1) where flavonoid content were 100 fold
lower than phenolic content. Thus, it is proven that 8 aromaiicum species exhibits lower amount of favanoid m
comparison to its phenolic content. A research reported by Ismail er al, (2004) show the relationship between
phenotic compound and flavanoid, where the higher the amount of phenolic, the higher the smount of Aavanodd
compound. COAC presents similar result with the TPC that put unnipe fruits as the champion among other twa,
leaves and stem. As shown in Table 3.1, microwsve oven dried samples retnins higher amount of caffeoyviguinic
acid contents compared to oven and air-dried samples. In addition, caffeovlquinic acid can be extegorized onder
phenobic acids becanse the formation of hydroxycinmamic scid which s one of phenolic category, are made up
of caffeic and qumic acid (Manach ef af, 2004). A research conducted by Chan ef af, (20080) has shown
proportionality between TPC mnd COAC m five leaves extracts of Etlingera species where extracts with higher
TPC contains higher CQAC.

From total vitamin C assay, unripe froits of 8 aromarticum also foond to have the highest antioxcidant
content apart from leaves and stems. Referring to the result, it is found that microwsve oven dried fruits snd
stems capable to preserve higher amount of vitamin C followed by oven and air dried samples. In contradict, the
oven dried leaves were competent to uphold high quantity of vitamin C then microwsve oven and ar dried
leaves accordingly. In this study, water extracted S aromaticion posess significant amount of vitemin C by
wirtue of its nature of water solubility. Previous siudy by Bhowmk er al . (2002} has shown that in 100 g of 5
aromaticum consisting 1.7 mg of vitamun C. Moreover, Leena and Sepna (2008) also found 80.81 me/100 g of
vitamin £ m & gromaticum. These reporis were mnambiguonsly proved 8 aromaticum as plant having
antioxidant propertics. To recapitulate, among the different tissue of S.aromatican, the unripe fruits contain
higher level TPC, CQAC and Vitamin C, followed by the leaves and stems. Whereas, the leaves of
S.aromaticum contnms higher level of TFC, followed by unripe fruits and stems. From this study, it is clearly
shown that phenolic, favonoid, caffeoylquinic and Vitamin C content are well correlated with amtioccdant
activitics.

The antioxidant activitics were then continued by DPPH and FRAP assays. In obtaining the amount of
scavenging ability in vitro, DPPH assay was used to determine the potential of the substance to donate hydrogen
utom or electrons because with the presence of antioxidants mean there are the presences of hydrogen donating
groups (Rohman ef af, 20010) The process continues as the hydrogen donating groups hence will break the
chamn of the free radicals (Endo er af.. 19851 This hydrogen groups cventually will remove the odd electron
feature that responsible for mdical formation activity; and also hydrogen was donated 1o the free radical m its
reduction to unreactive specics {Hso er al., 2006). Loganayaki e af, (2011} and Brand-William er all, (1995).
prove the same concept either that hydrogen donating ability contributed by the nature of phenolics related o
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the scavenging activity. Others authors such as Satishs e ol (2001) conchuded the same result stated the
scavenging ability is proportional to the amount of hydrogen donating present. From the present study, it was
found that the unnpe frots of the 5 aromaricum exhibits highest ascorbic acid equivalent antioxidant capacity
{AEAC) m DPPH assay followed by leaves and stems (Table 3.2). DPPH was also observed from the 1C s of the
extract that shows imversely proportional to the AEAC where the lower the 1C s, the higher the AEAC. Thus, 1t
gives the seme resemblance to the ginger species that shows a directly proportional between TPC and AEAC;
the higher the TPC, the higher AEAC (Chan er al,, 2004). The results show microwave oven dried unnpe fruts,
leaves and stems of 5 aromaticum exhibits lower IC, than ascorbic acid (0002688 mgfml) which are
02456 mgml, (L2557 mgml, and 0002626 mefml respectively. 1Cs was defined by Rohman er af,
{2010 as the ontioxidant concentration required scavenging 50 % of DPPH radical in the sample at specific
time. These are comparable with a research conducted by Kim et af, (2011) that significantly obtained 84.22%
of mhibition 1 DPPH assay from 8. aromovicum, by hot water extroct. Logenayaki er al, (2011) proved that
mantioadant actvity i DPPH increases with the increasing amount of phenolic compound due to the double
bond existing in C-ring. Torane ef af, (2011} also suggested 8 theory that the ability of antioxidant as a radical
scavenger 15 doe to the amount of hydroxyl group and chemical structure in s phenolic compound. Together
with DPPH, FRAP azsay also demonstrates unripe fruits having highest reducing sbility of ferric jons. Towrap
up, the mcreasing order of antioxidant activity with DPPH and FRAP assay arc stems, leaves ond unripe fruits.

Table 3.1: Antoxidant compounds of unnipe fruits, leaves and stems of 5. aromaticum.

Total Vitamin C

Drying : TPC TFC COAC

: issue J - L Content
Treatment (mgz GAE0g) img QEMNDz) (mg CGAEMD0z) (mg AA [100g)
Microwave  Leaves 264.93 £ 15.46" 2352 DO% 74.79 £ 1.45% H.58 £ 0.06°
aven Stems 25010L 217" L84 + .03 60,13 £ 205" 6.98 £ 0,058

Unripe fruits 32519 1.54° 2.23 = 005" 86,71 + 3.09° 9.47 = 0.02°
Air Leaves 228,00 £ 4.12* 189 =011 5671+ 1.73" £.14 £ 0057
Stems 21305+ 2,07 .05+ 0.27 sS40+ 171" 6.59 + (L04°
Unripe fruits ~ 319.57 + 0.87° LS 0IT 7263 £ 144" BER L 0.04°
Oven Leaves 252524 2.21° 209 005" 7304 = 2027 872 =005
Stems 21624 = 6.38° 1.70 + 006" 59,25 + 288" 6.78 = Lo4®
Unripe fruits 32376+ 3.75" 1.74 £ 0.10° 80,00 £ 7.73" 0,05 = (Li4*

Mote: Values of TPC, TFC, CQAC and Total Vitamin C are means £+ S0 (n = 3). The different letters withan the
column indicate that the values are sigmficantly different (p=0.05)

Table 3.2: Antoodant activities of unrpe fruits, leaves and stems of 8. aromaticum.

DPFPH
Dryving Tissue FRAP "
Treatment { % of antioxidant) ICS0 AEAC
{myg/mL) (g AA/100g)
Microwave Leaves H1.80 £ 0.07" .002s5s7 10524 4 167
oven Stems 80,19 + 0.06" LB02626 1023841 03
Unripe fruits 82,19 L 007 0002456 1M SR 46T
Air Leaves T0.56 £ 0.18° 0003293 82 30 9197
Stems 78.46 = 0.03% 04455 61914 19.96°
Unripe fruits 8037 £ 009" 0.003151 E5.91% 9,00
Oven Leaves H1.38 £ 0,007 0002068 00,0146 99"
Stems RiLO8 = 0.16" 003027 89 2047 50
Unripe fruits #1.91 = 0.01* 0002759 G756 4 300

Mate: Values of FRAP and AEAC arc means + 8D (n = 1) The different lettiers within
the column mdicate that the values are significantly different (pafl.05).
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Table 3.3: Correlation of antioxidant compounds and antioxidant activities on unripe fruits, leaves and stems of
5. aromaticum

Total Vitamin C

Correlation {._TPE T:.f (F'{?‘}c.f- Content
(mg GAE/100g)  (mg QEM00g)  (mg CGAE/1Mg) (mg AA /100g)
FRAP 0721 0. 768 .R8R 0. T
{ % of antioxidant)
AEAC .50 0.716 513 475
(myg AA/1Mg)

Table 3.4: Antibacterial activity of soxhlet extracted unripe fruits, leaves and stems of S.aromaticum using
Gram-positive and Gram-negative bacteria.

i Zone of inhibition {mm)
Drying Tissoe Cr itive b ) ) .
Treatment l.lu?-p-uml:we acteria Enfm—nq;al:ru hl.ttll'.ll:
B. subiilis K. aurens E. coli P. aeruginosa
Microwave Leaves 4.63 (b)) .. 1047 (118)see 550 (6T hes 9.1 (98 )y
oven Stems 150 (50),. 067 (109),,. 537 (66 ). B (BT )uss
Unripe fruits — 5.30 (7T4)... 12.33 (137 )sss 6,43 (77 )ss L0 0T ess
Air Leaves 3.30(47). TS50 (94 )iss 510 (64).. B2 (85 )
Stems 2.30(33), ToA3 (B9 )ea 437 (53 s B (B
Unripe fruits 3.90 (55). D000 (104445 55067 ) B0 (93 )ss
Oven Leaves 3180 (53),. 9,33 (104),.. 517 (63).. BT (90)s.
Stems 3.43 (48). TN (D11 )sse 507 (62): B (BT s
Unripe fruits 4.63 6. 11.63 (129),.. 57T (T2 )sss L0 (100},
Streptomycin 706 K50 B.15 9.62

Methanol

Apart from that, the different tissue of S.aromaticum also shows a significant inhibition against bath
the gram-positive and gram-negative bacteria (Table 3.4). The inhibition was found to be effective against P
aevoginosa, E.coli and 5. awrens compare to B subtilis. The unnipe frut of S.aromaticim was found exhibat
higher antibactenial activities compare to leaves and stems. According to the antibacterial activity test result, it
was also found the effect of drying treatment which shows microwave oven and oven dried different tissue of 5
aromaticum cxhibits higher percentage of inhibition over air dried extracts. Khalid and Kiong (2010) reported
on the mhibition of Eschericia colii Salmonells spp, Kiebsiella pneumonia, Staphyococcus aurens,
Streptococus and Bacilfus subtilis by 5. aromaticum where undeniably presented its high antibacterial
properties. Likewise, Aneja and Joshi (2010) supported the same of result having 8. aromaticum which
was extracted using methanol extract, competent in mhibiting Staphwoacoceus aurens. In addition, Pandey and
Singh (2011), reported the ability of 5 aromaticum to inhibit 8 gurews (24mm), P. aeroginosa (19mm) and E.
Coli (20 mm) in their study. These previous research are assuredly confirmed the antibacterial properties in &
aromaticum. Moreover, eugenol is the mam constituent of 5. aromaticum that responsible for its antioxidant and
antibacterial properties (Kamataoer al, 2012). The amount of eugenol was able to be retamed in the samples by
cause of microwave oven and oven drying ability in conserving high amount of antioxidant compounds. The
results for the antioccidant content and activities comparison are as follows.

CONCLUSIONS

The effects of three different drying treatments on the antioxidant and antibacterial properties of
S.aromaticum were studied. The most effective drying treatment was microwave-drying as it able to retain
higher amount of antioxidant compounds than oven-drying and air-drying. Additionally, the antioxidant
compounds were largely found in unripe fruits of S.aromaticum, followed by the leaves and stems. The strong
correlations were observed for FRAP assay and moderate comrelations were observed for DPPH assay. Syzygium
aromaticum also showed effective inhibition against both gram-positive and gram-negative bacteria. In addition,
the antioxidant compound correlate well wath antioxidant activities. Sample with higher antioxidant compounds
exhibit higher antibacterial activity that proves & arowmaticum is rich with antioxidant and antibacterial

propertics.
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