




October 15-17
th
, 2015                                                                              ISBN: 978-602-0856-36-0 

Proceedings of the 3
rd

 Bali International Seminar on Science and Technology (BISSTECH) 

“Towards Fundamental and Applied Research for Socio-Environmentally Safe Industrial Development” 

 

 

EDITORIAL BOARD 
 

Key advisors 
Rector of UPN “Veteran” Jawa Timur 

Director of Bali State Polytechnic  

 

Person in charge 
Ir. Sutiyono, MT (Dean, Faculty Of Industrial Technology, UPN "Veteran" East Java) 

Ir. Made Mudhina, MT (Director of Bali State Polytechnic) 

 

Editor in Chief 
Dr. Ir. Ketut Sari, MT 

 
Associate Editor 

Dr. Dedin F. Rosida, STP, Mkes 

Dr. Dra. Jariyah, MP 

Dr. Ir. Lilik Sudiajeng, M.Erg 

Nyoman Indah Kusuma Dewi, SE, MBA, Ph.D 

 
Editorials Board 

M. Irwan Afandi, ST, MSc 

Dr. Dira Ernawati, ST, MT 

Intan Yuniar Purbasari, Skom, MSc 

I Made Suartana, Skom, Mkom 

Fetty Tri Anggraeny, Skom, Mkom 

Agung Brastama Putra, Skom, MKom 

 
Reviewer 

Prof. A. P. Bayuseno, Drer Nat, B.Eng, M.SC. (Mechanical Engineering, UNDIP,  

Semarang, Indonesia) 

Jamari, B.Eng, M.Eng, Dr. (Mechanical Engineering, UNDIP, Semarang, Indonesia) 

Prof. Renanto Handogo, M.Sc, Ph.D. (Chemical Engineering, ITS, Surabaya, Indonesia) 

Erma Suryani, ST, MT, Ph.D. (Information System, ITS Surabaya, Indonesia) 

Anthony Halog, MBA, Ph.D (Industrial Engineering, Queensland University, Australia) 

Prof. Takuya Sugahara (Ehime University, Japan) 

Prof.Dr. Hj. Siti Mariyam (Computer Science, Universiti Teknologi Malaysia, Malaysia) 

Prof. Dr. Ir. Mauridhi Hery Purnomo, M.Eng. (Electrical Engineering, ITS, Surabaya, Indonesia) 

Prof. Inocencio E.Buot, Jr. (Faculty of Management and development Studies,  

University of Philippines Open University) 

Prof. Jui-Hsiang Liu (College of Engineering, National Cheng Kung University) 



October 15-17
th
, 2015                                                                              ISBN: 978-602-0856-36-0 

Proceedings of the 3
rd

 Bali International Seminar on Science and Technology (BISSTECH) 

“Towards Fundamental and Applied Research for Socio-Environmentally Safe Industrial Development” 

 

 

ORGANIZING COMMITTEE 
 

STEERING COMMITTEE 
Prof. A. P. Bayuseno, Drer Nat, B.Eng, M.SC. (UNDIP Semarang, Indonesia) 
Jamari, B.Eng, M.Eng, Dr. (UNDIP Semarang, Indonesia) 
Prof. Renanto Handogo, M.Sc, Ph.D. (ITS Surabaya, Indonesia) 
 
GENERAL CHAIR 
Dr. Ir. Ni Ketut Sari, MT 
Nyoman Indah Kusuma Dewi, SE, MBA, Ph.D 
 
VICE CHAIRMAN 
M. Irwan Afandi, ST. MSc 
I Gusti Ketut Gede, SE, MM 
 
SECRETARY 
Fetty Tri Anggraeny, S.Kom. M.Kom 
Dr. Putu Wijaya Sunu, ST, MT 
 
FINANCIAL 
Dr. Dira Ernawati, ST. MT 
Khusnul Jaqien, ST 
Dr. I Putu Astawa, SE, MM 
A.A.A. Mirah Kencanawati, SE, MM 
Ni Kadek Dessy Hariyanti, S.Kom, MM 
Dr. Ir. Lilik Sudiajeng, M.Erg 
 
ACCOMODATION 
Dr. Ir. Minto Waluyo, MM 
I Nyoman Gede Arya Astawa, ST, M.Kom 
I Ketut Suwintana, S.Kom, MT 
I Gede Iwan Suryadi, SE, MM 
I Made Widiantara, S.Psi, M.Si 
Ida Bagus Gde Widiantara, ST, MT 
I Wayan Dana Ardika, SS., M.Pd 
I Nyoman Rajin Aryana, S.Pd.M.Pd 
Ketut Vini Elfarosa, S.E, M.M 

 

 

 

 

 



October 15-17
th
, 2015                                                                       ISBN: 978-602-0856-36-0 

Proceedings of the 3
rd

 Bali International Seminar on Science and Technology (BISSTECH) 

“Towards Fundamental and Applied Research for Socio-Environmentally Safe Industrial Development” 

 

i 

TABLE OF CONTENTS 

 

A. Chemical Engineering 
   

# TITLE 
 

#PAGE 

#A1 NOVEL NON RESISTANT ANTIBACTERIAL SULPHATE 
CHELATING AGENT 

A.1-A.12 

Haryanto Wardoyo 
 

#A2 HYDROPHILICATION OF MESOPOROUS CARBON BY 
IMPREGNATING-SILICA METHOD AS SOLID-DESICCANT IN 
GAS DEHYDRATION PROCESS 

A.13-A.16 

Fadlilatul Taufany, Anita Rahmawati, Dessy Fatmawati, 
Nurhamidah, Fahmi 
 

#A3 APPLICATION OF CHIRALITY ON CHIRAL RECONITION OF 
ENATIOMERS AND PHOTONIC CRYATALS FABRICATION 

A.17-A.20 

Chih-Chieh Chien, Jui-Hsiang Liu 
 

#A4 SYNTHESIS OF TRIPODAL CONJUGATED PYRRYL-
RHODAMINE CHEMOSENSOR AND SELECTIVE SENSING 
OF Zn2+ ION 

A.21-A.23 

Yu-Jen Chen, Wen-I Chang, Jui-Hsiang Liu 
 

#A5 FABRICATION AND CHIRAL RECOGNITION OF 
PREDESIGNED SUPRAMOLECULE VIA CHIRAL DOPED 
ORGANOGELATOR 

A.25-A.28 

Jian-Chin Lin, Bo-Han Huang, Jui-Hsiang Liu 
 

#A6 APPLICATION OF BUOYANCY WEIGHING-BAR METHOD TO 
ESTIMATE THE DROPLET SIZE DISTRIBUTION AND 
OPTIMAL TIME OF BIODIESEL-GLYCEROL SEPARATION 

A.29-A.32 

Rondang Tambun, Farida Hanum, Yudhy Sibagariang, Jhoni 
Manurung 
 

#A7 BIODISEL PRODUCTION FROM USED COOKING OIL USING 
COMPOSITE CATALYST CAO/KI/Γ-AL2O3 

A.33-A.37 

Nyoman Puspa Asri, Diah Agustina Puspita Sari, Bambang 
Poedjojono, Suprapto 
 

#A8 ORI BAMBOO POTENTIAL AS BIOETHANOL SOURCE A.39-A,42 
M. T. Safirin, Edahwati Luluk, D. S. Perwitasari 
 

#A9 EFFECT OF TEMPERATURE ON MANUFACTURING 
PROCESS OF POLYETHYLENE GLYCOL DIOLEATE (PDO) 

A.43-A.45 

Yan Irawan, Ika Juliana 
 

#A10 SOLID WASTE MIXTURE AS AN ALTERNATIF SOLID FUEL A.47-A.51 
Sri Rachmania Juliastuti, Nuniek Hendrianie, Imam Naufal, Eka 
Patriargadani 
 

 



October 15-17
th
, 2015                                                                       ISBN: 978-602-0856-36-0 

Proceedings of the 3
rd

 Bali International Seminar on Science and Technology (BISSTECH) 

“Towards Fundamental and Applied Research for Socio-Environmentally Safe Industrial Development” 

 

iv 

# TITLE 
 

#PAGE 

#C7 MASS TRANSFER ON CONCENTRATION PROCESS OF 
CANE JUICE USING VACUUM FALLING FILM EVAPORATOR 
PART II 

C.29-C.32 

Suhadi, Wiwik Prihartanti, Nyoman Sriwidari 
 

#C8 THE CHARACTERISTICS OF EMULSION CREAM 
CONTAINING GOTUKOLA AND GINGER EXTRACT IN 
ADDITION OF FRAGRANCE 

C.33-C.38 

Yenny Meliana*), Witta Kartika Restu, Egi Agustian, Anny 
Sulaswaty, Yulianti Sampora, Sri Fahmiati, Melati Septiyanti 
 

#C9 MODIFICATION OF TARO FLOUR WITH FERMENTATION 
PROCESS 

C.39-C.43 

Endang Srihari, Farid Sri Lingganingrum 
 

#C10 EFFECT OF SOLVENT POLARITY ON ANTIOXIDANT 
ACTIVITY DURING FRACTIONATION OF ETHANOLIC 
EXTRACT OF CITRUS HYSTRIX PEEL 

C.45-C.48 

Wenny Irawaty, Aning Ayucitra 
 

#C11 EFFECT OF CHITOSAN ADDITION AND TEMPERATURE OF 
HEATING FOR TENSILE STRENGTH AND ELONGATION AT 
BREAK VELUE OF BIOPLASTICS FROM TARO STARCH 
(COLOCASIA ESCULANTA) WITH GLYCEROL PLASTICIZER 

C.49-C.57 

M. Hendra Ginting, Toni Pahri Sirait, Torasman Sidabudar 
 

#C12 EXTRACTION OF ESSENTIAL OIL BY ENFLEURATION 
PROCESS USING VEGETABLE AND ANIMAL FATS 

C.60-C.62 

Siswati Soe’eib, Nyoman Puspa Asri, A.S Dwi Saptati N.H, Diah 
Agustina P 
 

 

D. Information and Communication Technologies 
   

# 
 

TITLE #PAGE 

#D1 CONCEPTUAL MODEL TO INCREASE COCOA 
PRODUCTIVITY WITH SYSTEM DYNAMICS APPROACH 

D.1-D.4 

Syurfah Ayu Ithriah, Erma Suryani 
 

#D2 TEMPLATE MATCHING BASED PATTERN IDENTIFICATION 
WITH GEOMETRIC MOTIF OF BATIK 

D.5-D.7 

Eva Yulia Puspaningrum, Wahyu S.J. Saputra, Yisti Vita Via, 
Suryohadi 
 

#D3 PERFORMANCE OF ROBUST REGRESSION METHOD FOR 
SIDE VIEW FACE RECOGNITION 

D.9-D.12 

Budi Nugroho, Intan Yuniar Purbasari 
 
 
 
 

wenny_i_s@hotmail.com
Highlight

wenny_i_s@hotmail.com
Highlight



Ihe f Bqli Intenational Semin$ on Sciehce and Technologt (BISSTNII
"To ards Fundanental ard AwliedResearghIotSocio-E Nirohnenta yWe Industrial
Derelop eht", October t 5-17h, 2015 - Denpasar Bali, Infunesia

The / Bqli Internotiohal Seminar on Science and Tectuologt (BISSTECII
"Tovards Fwdamenlal and Aplrlied Reseorchfor bcio-Ewitorrnentally Safe Industrial
Deyelopment", Oclober 15-1/, 2OI5 - De pasat Bali, Indonesta

(This page left blank)

xtv



The Y Bali lnternational Seminot on Science ahd Technologl (BISSTECI,
"Ta@rds Fundamental and Awlied Researchfot Socio-Efiironmen@lly Safe lhdusttiol
Dewlop,nenl", October l5-t 7h, 2015 - Denpasar Bali, lndonesia

. " L - The 3d Boli Internotional Semihar on Science and Technologt (BISSTECII)

kjEedl ;"";f:fr *vtr::#i1y.,^it' ;"i ::tr;fr*: *i:; :#r:: a v sare'1ndus'l ra t

Qhis page left blank)

07.30-08.30 Resistration
08.30-09.00 Opening (MC) + Bali Dance
09.00-09.45 SPEECHES:

l.Chair Of BISSTECH 2015
2.Rector OfIIPN
3.Director Of State Polytechnic Of Bali
4.Govemor OfBali
5.Ministry Of Research, Technolory And Higher

Education

MOU SIGNING :

l. Rector Of University OfPembangunan Nasional
"Veteran" East Java AND Director Of State Polyechnic
Of Bali

2. Rector Of University OfPembangunan Nasional
"Veteran" East Java AND Rector Of University Of
Trunojoyo Madura

3. Rector Of University OfPembangunan Nasional
"Veterar" East Java AND Rector Of University Of WR.
Supratmar

4. Dean Of College Of Engineering, NCKU AND Dean Of
Faculty Oflndustrial Technology, UPN "Veteran" East
Java

5. Dean Of Faculty Oflndustrial Technology, UPN
"Veteran" East Java AND UPT DISPERINDAG, EAST
JAVA, JEMBER

6. Director Of State Polytechnic Of Bali AND Keiyo
University, JAPAN

09.45-10.00 Coffee Break
1O.OO.12.OO PROF. PAO.SHAN YU

PROF. DR. WOLFGANG W. SCHMAHL ?no n.i^onlg:Y\
12.00-13,00 Lunch & Prayer Break
13.00-15.00 Parallel Session i
15.00-15.15 Coffee Break /
15.15-16.00 Parallel Session /
19,00-21.00 Gala Dinner at Govemor Office - Courtesy of Gofmor of

Bali (Tentatively) .,"'

Ludw19 M arr"illons Un' vlre'flt MiirK,

Wa

xvt



The y Bali Intemalional Seminor on Science and Technologt (BISSTECH)
"Towards Fundamental and Applied Research for Socio-Enrircnmehlall! SaIe lhdustrial
Devlop ent", October 15J7r,2015 - Denpasar Bali, tndonesia

08.30-Till end Tour (Resistration reouired)

vf open uniuersi{V ,lhiliPint ( organ'c aEncv*oret biolechnotogy ) " )

The 3d Bali lnlernational Seninar on Science and Technolog (BISSTECII)
"Toflafds Fundamenlal and Applied Researchlor Socio-Enyironmehtall, Sqfe lndustrial
Dewlopmenl", October t 5J 7h, 2015 - Denpasar Bali, Ihdonesia

O9.OO-10.30 PROF. YASUSHI KIYOKI
PROF. Inocencio E. Buot- JR- PhD i

10.30-10.45 Coffee Break
10.45-12.00 Parallel Session

12.00-13.30 Lunch & Prayer Break

15.30-16,30 Break (Preparation To Tampak Sirins Palace

16.30-21.00 Gala Dinner at Courtesy ofBali State Polytechmc

xvll xtx



The 3d Bali lntematiohal Seminar on Science and Technolog/ (BISSTECH)
"TN/ards Fundamenlal and Applied Researchfot Socio-Enrironmenta y Safe Industrial
Dewlop ent", October I5-17r, 2015 - Deryasar Bdli,Indonesi.t

Structuring Female Body: Between Cultural
Identity And Imaging Technology OfJavanese
Community In Surabaya East Java

Effr Damaijati,
S Sumarto,
Sri Widayanti
and Indriya
Radiyanto

Building Farmer Walfare Through Cocoa Village
Model Program In District Of Blitar

Syurfah Ithriah
and Erma Suryani

Conceptual Model To Increase Cocoa Productivity
With Dynamic System Approach

Cocoa Farming And Analysis Of Economic
Community Farmers E State In East Java

S. Suwarno,
Djohan Mashudi
and Siti Ning Farida

Tax Revenue Model Optimization Of Smes As A
Revenue Improvement Efforts OfEast Java

Analysis Of Stock Spli.t And Corporate Financial
Performance In Indonesian Stock Exchange

Legal Protection Against Actors Rights Sale
Transactions Using The Intemet

Juwito Himajati The Effectiveness Of Using Instagram As A
Medium For The Promotion Of Products (A
Qualitative Study Of The Online Shop Which Is
Owned By The Surabaya's Students)

xxxvr xxxv

The 3d Bali lntemalional Seminar on Science and Technologt (BISSTECH)
''Towards Rndamental ahd Awlied ResearchJor Socio-bvironnentally Safe Industtial
Delelopment ", October t 5-17h, 2015 - Denpasar Bali, lhdonesia

ROOM 81
Friday, october 16th, 2015

Inhibition ofstruvite crystal growth in the presence

of herbal extract Orthosiphon aristatus Bl.Miq
Stefanus Muryarto,
Sri Sutanti
and Mega

Application of buoyancy weighing-bar method to
estimate the droplet size distribution and optimal
time of biodiesel-glycerol separation

Rondang Tambun,
Farida Hanum,
Yudhy Sibagariang
and Jhoni

Effect ofsolvent polarity on antioxidant activity
during fractionation ofethanolic extract of Citrus

Wenny Irawaty
and Aning Ayucitra

The Effect of Gelatinization Profile For Mechanical
Properties OfBioplastics From Taro Starch
(Colocasia esculenta) - Chitosan With Glycerol
Plasticizer

M. Hendra Ginting
and Toni Pahri
Sirait

The Evaluation Of E-Audit Implementation On
Indonesia Government Financial Audit Process

Rini Rahma,
Indrawati
Yuhertiana
and Siti Sundari

Effect OfTemperature On Manufacturing Process

Of Polv (Ethvlene Glycol) Dioleate
Yan Irawan
and Ika Juliana

A Proposed Clamp System For Mechanical
Connection Of Reinfl

Tavio Tavio
and Parmo Parmo

The Flow Pattem And Mixing Time In Biogas
Digester With Side Entering Mixer

Sugeng Winardi,
Kusdianto, Tantular
Nurtono,
Widiyastuti And
Siti Machmudah

Extraction OfResidual Palm Oil From Palm
Mesocam Pressed- Fiber (Elaeis Guineensis

wenny_i_s@hotmail.com
Highlight



 
 
The 3rd Bali International Seminar on Science and Technology (BISSTECH) 
October 15-17th, 2015 
Grand Inna Kuta, Bali, Indonesia  

 

B1.3-1 
 

Effect of Solvent Polarity on Antioxidant Activity during 
Fractionation of Ethanolic Extract of Citrus Hystrixpeel 

 

WennyIrawaty1 andAningAyucitra2 
Chemical Engineering Department, Faculty of Engineering, Widya Mandala Catholic University Surabaya,East Java, Indonesia 

e-mail: wenny_i_s@ukwms.ac.id 

 

ABSTRACT 

Citrus hystrixhas been claimed to exhibit tremendous performance to repair organ damage caused by free radicals 
developed during metabolism. The present study was undertaken to evaluate the antioxidant power of Citrus hystrix peel. 
Antioxidant activity of several fractions (water, ethyl acetate, and hexane) obtained from the fractionation of ethanolic 
extract of Citrus hystrixpeel was investigated. The effect of the solvents on phytochemical content was also evaluated. The 
research methods involve the Citrus hystrix peel preparation (sizing, drying), extraction of the peel by using ethanol 41% 
for 8 hours, fractionation of the ethanolic extract by different solvents, and then followed by antioxidant activity 
measurement of the fractions obtained. The results revealed that all fractions of the ethanolic extract of Citrus hystrix peel 
exhibited variable antioxidant activity. Specially, the ethyl acetate fraction showed the highest values of antioxidant 
capacity (% DPPH scavenging activity). The different activity of the fractions was correlated with phytochemical content 
in each fraction. 

Keywords: Citrus hystrixpeel, antioxidant, fractionation 

 

INTRODUCTION 
Plants and plant products are being used as a source 

of medicine since long time. The medicinal properties of 
plants have been widely investigated due to their potent 
antioxidant activities, no side effect, and economic 
feasibility (Hui et al., 2009). The natural antioxidants or 
phytochemicals are the secondary metabolites of plants 
that are widely distributed in foods of plants and count as 
phenolic compounds. As antioxidant, phenolic compounds  
comprising flavonoids and phenolic acids play an 
important role in the prevention of human pathologies by 
acting as radical scavenger against degenerative diseases 
such as cardiovascular diseases, neurodegenerative 
diseases,blood disorder diseases, diabetes mellitus(Zhao et 
al., 2012), and cancers. Therefore, there is growing 
interest toward natural antioxidant from herbal sources 
(Ebrahimzadeh et al., 2008, Sarepoua et al., 2015, 
Gorinstein et al., 2001). Phenolic compounds are 
frequently found in fruits(Nizam Uddin et al., 2014, 
Ebrahimzadeh et al., 2008, Gorinstein et al., 2001), 
vegetables(Hui et al., 2009, Widyawati et al., 2014, 
Harbaum et al., 2008), and grains (Singh et al., 2012, 
Chiremba et al., 2012). The chemical composition of 
fruits, including leaves and peels have been widely 
investigated and it was found that the peel possesses 
higher antioxidant activity compared to other parts of the 
fruit (Gorinstein et al., 2001, Li et al., 2006). For example, 
Gorinstein et al. (2001) found that the amount of phenolic 
compounds in the peels of orange, lemon, and grapefruit 
were higher than the peeled fruits. Similar result was 

reported by Li et al. (2006) when pomegranate was 
selected in their study (Li et al., 2006).  

Citrus fruits containhigh content of flavonoids 
compared to other type of fruits. Citrus fruits contain a 
wide range of flavonoid compounds which are sub-classed 
in flavanones, flavones, flavonol, and dihydrochalconeC- 
and/or O-glycosides (Roowi and Crozier, 2011, Gattuso et 
al., 2007). Therefore, since in the early nineties the 
presence of flavonoids in citrus fruits began to attract a 
number of researchers. This study focused on Citrus 
hystrix. The leaves of this citrus have commercial 
importance and its byproduct, i.e. the fruit itself has not 
been utilized yet. 

This work evaluates the effect of solvent polarity 
used during fractionation of Citrus hystrixpeel extract on 
the antioxidant capacity. The aim of this work was to 
propose a suitable solvent for the separation of phenolic 
compounds in crude Citrus hystrixpeel extract. 

 
LITERATURE REVIEW 

Citrus hystrix, commonly known as Kaffir lime or 
wild lime, is originated from South East Asia and 
cultivated throughout the tropical regions. Citrus hystrix is 
greenish yellow, acidic flavor, bumpy, and pear-shaped. 
This citrus is are reported rich in phenolic compounds 
including flavonoids, limonoids, glycerolglycolipids, 
furanocourmarins, benzenoid derivative and quinolinone 
alkaloids with potential health-promoting properties.  

Several methods such as maceration (Cha et al., 
2010), heat treatment (Xu et al., 2007), microwave 
(Chiremba et al., 2012), ultrasonic (Ma et al., 2008), far-
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infrared radiation (Lee et al., 2006), subcritical water 
(Plaza et al., 2010), high pressure – pulsed electric field 
(Sánchez-Moreno et al., 2005), fermentation (Harbaum et 

al., 2008), and cellulases treatment (Kim et al., 2005) have 
been 

studied to extract phenolic compounds from plant 
materials. Among the methods mentioned earlier, 
maceration is the most economical feasible and this led to 
commercial application in the future.  

Solvent plays an important role in the extraction of 
plant natural antioxidant compounds. The amount of 
compounds extracted is influenced by the polarity of both 
compounds and solvent used. Hegazy and Ibrahium 
(2012) investigated the effect of solvent (methanol, 
ethanol, dichloromethane, acetone, hexane, and ethyl 
acetate) polarity on the antioxidant capacities of orange 
peel extracts (Hegazy and Ibrahium, 2012). It was found 
that the antioxidant capacities vary with solvent polarity 
and the high polar solvent of ethanol exhibited the highest 
antioxidant activities. Patel et al. (2011) reported the 
antioxidant activities of Hybanthusenneaspermus(Linn.) 
F. Muell. (Violaceace) was greatly influenced by solvent 
polarity that influence phenolic compounds being 
extracted by certain solvent which in turn its activity 
(Patel et al., 2011). Similar finding was also reported by 
other work  (Widyawati et al., 2014).  

 
METHODOLOGY 

Material: Citrus hystrix obtained around East Java 
was collected in January-March. Chemicals used were 
ethanol, methanol, hexane, ethyl acetate, ascorbic acid, 
DPPH,  in this work were purchased from Sigma 
Chemical Co.  

Methods: Citrus fruits were manually peeled and 
the edible portions were carefully separated. The peels 
were further cut into 0.5 x 0.5 cm and air dried for 2 days. 
The dry peel was then soaked with ethanol solution 41% 
for 8 h at room temperature. The solid part was then 
separated by a Whatman filter paper. The filtrate was 
concentrated under a vacuum by evaporating the ethanol. 
The water residue was then fractionated under solvents of 
varying polarity. The phytochemical analysis of the 
various fractions was carried out independentlybyusing 
methods described in (Harbone, 1973, Adewole et al., 
2014). Antioxidant capacity was quantified by the DPPH 
radical method. For this assay, a solution of DPPH in 
methanol (0.2 mM) was prepared freshly. 1.25 mL aliquot 
of this solution was added to 1 mL sample at different 
concentrations in the range of 0.03-4 mg/mL. The sample 
solution was shaken and left to react in the dark for 30 
min. Then the solution was transferred into a cuvette, and 
the absorbance was determined at 520 nm using a 
spectrophotometer (Shimadzu, UVmini-1240). A decrease 
in absorbance was recorded and the antioxidant capacity 
was expressed as IC50. The IC50 is the concentration where 
50% inhibition occurs. The control contained all reagents 
except the fraction was prepared under the same treatment. 
The antioxidant capacity was compared to standard 
compound of ascorbic acid which is already known for its 

good antioxidant activity. The percentage inhibition of the 
radicals was calculated using the formula: 

 % inhibition = [(A0–A1)/A0] x 100 ……..… (1) 
where A0 is the absorbance of the control, and A1 is 

the absorbance of the fraction/standard.  
 

RESULTS 
Free radical scavenging activity expressed as IC50 

ranged from 0.03 to 2.37 mg crude extract/mL as shown in 
Table 1. 

 
Table 1. DPPH free radical scavenging activity of 

different fractions of ethanolicCitrushystrixpeel extract 
Fraction IC50 (mg/mL)
Hexane 2.37  0.16 
Ethyl acetate 0.03  0.00 
Water residue 1.09  0.05 
Ascorbic acid 

(standard) 
0.04  0.00 

 
As seen, the three fractions exhibit DPPH radical 

scavenging capacity and the ethyl acetate shown the best 
activity among the others with the IC50 reached a value of 
0.030 mg/mL. The water residue exhibited the second 
highest value in the DPPH free radical test after the ethyl 
acetate fraction where the IC50 was recorded at 1.090.05 
mg/mL. With the IC50 value of 2.370.16 mg/mL, hexane 
fraction occupied the third highest rank in the same test 
method. Ascorbic acid as the control compound has also 
exhibited the scavenging activity toward DPPH free 
radical compound with the IC50 value of 0.04 mg/mL. 

When the concentration of the fractions was 
increased, it was observed that the antioxidant capacity 
was improved as shown in Figure 1 for the fraction of 
ethyl acetate (r2 = 0.9581). Other fractions showed the 
similar trend (data not shown). 

 

 

Figure 1. DPPH scavenging activity for different 
amount of ethyl acetate fraction 

 
In order to get insight into the scavenging activity 

of each fractions observed in this study, phytochemical 
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analysis of the three fractions were performed and the 
results are tabulated in Table 2. As seen, each fractions 
exhibited different compounds that may contributed to the 
activity of each fractions. Alkaloids, phenolics, and 
flavonoids were detected in all fractions. While 
compounds of saponins, tannnins, sugars, and 
carbohydrates were not identified in the fraction of 
hexane, however, all the compounds were revealed in the 
fractions of ethyl acetate and water residue. 

 
DISCUSSIONS 

As shown in Table 1, the IC50 values varied in the 
following order: ethyl acetate fraction < water residue < 
hexane fraction. Similar result was found by other work 
(Anagnostopoulou et al., 2006) that the fraction of ethyl 
acetate exhibited the highest antioxidant capacity 
compared to other fractions (ether, dichloromethane, and 
water fraction) when sweet orange peel was selected in 
their study. The IC50 values were then compared to the 
standard of ascorbic acid. The standard suggests that its 
activity was 25% lower than the ethyl acetate fraction, 
while compared to the other two fractions, the standard 
was 27 and 59% higher for the fractions of water residue 
and hexane, respectively. The results show that ethyl 
acetate is regarded as the most effective solvent to extract 
compounds from the ethanolic extract of Citrus 
hystrixpeel. This can be explained by the possible complex 
formation of phenolic compounds with other components 
which are more extractable in ethyl acetate than those of 
other fractions (hexane and water) (Zhao and Hall, 2008, 
Zhu et al., 2011).  

The antioxidant capacity of plants is contributed by the 
presence of phenolic compounds or phytochemicals. The 
fractions of Citrus hystrixpeel extract contain some potent 
phytochemical constituents such as phenolics, flavonoids, 
saponins, alkaloids, carbohydrates, and tannins which may 
be responsible for this activity (Table 2). Phenolic 
compounds such as phenolic acid, flavonoids, and tannins 

have been well known contribute the antioxidant 
activity/capacity (Gorinstein et al., 2001). Flavonoids 
found in citrus juice were reportedflavanoneaglycones, 
flavone aglycones, polymethoxyflavones, flavanone-O-
glycosides, flavone-C-glycosides, and flavone-O-
glycosides. Earlier investigations on saponins found that 
the compound reduced the risk factor of atherosclerosis 
(Rodrigues et al., 2005). Tannins was also reported to 
possess antioxidant activity (Beninger and Hosfield, 
2003). Since the fraction of hexane contains least 
phytochemical compounds (Table 2), thus it is not 
surprising if the fraction exhibited the lowest activity to 
quench DPPH free radical compound. The higher 
antioxidant capacity exhibited by ethyl acetate fraction 
cannot only be explained by phytochemical analysis 
performed. However, the mechanism behind this could be 
due to the presence of high content of phenolic 
compounds. 
 
CONCLUSIONS 
The fraction of ethyl acetate has shown impressive 
antioxidant capacity toward DPPH free radical scavenging 
activity. The comparable antioxidant capacity of ethyl 
acetate fraction compared to the standard of ascorbic acid 
indicates that the fraction may have beneficial implication 
for human health. The mechanism behind this could be 
due to the presence of high content of phenolic 
compounds. Accordingly, further investigation on analysis 
of compounds in the ethyl acetate fraction is required to 
confirm this. 
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Table 2. Phytochemical analysis of various fractions of Citrus hystrixpeel extract 

Fraction 
   Component    

Alkaloids Saponins Tannins Sugars Carbohydrates Phenolics Flavonoids 
Hexane + – – – – + + 
Ethyl acetate + + + + + + + 
Water residue + + + + + + +
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