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Abstract

This study investigate the effect of oxidation gsimydrogen peroxide and sodium hypochlorite on
physicochemical and baking expansion propertiesxafized sago starch. Type of oxidant and irradmatime
(10,15 and 20 min) were studied. The extent of atkith was determined based on starch color, catboxy
carbonyl, and amylose contents, swelling powersoidbility, and baking expansion properties of @eéd starch.
The results showed that L* value increased withdation reaction using peroxide and hypochloriteogslant
and longer time of UV irradiation. Carbonyl conterfitperoxide- and hypochlorite-oxidized starch éesed by
increasing of UV irradiation time. Carboxyl contemas increased by increasing irradiation time atrii6 and
then decrease at 20 min irradiation time. Incrapsiradiation time, increasing amylose content xiflized sago
starch. Swelling power and solubility of oxidizeaige starch increase from 10 min to 15 min irradratime and
then decrease at 20 min irradiation time. Swellogver and solubility of peroxide-oxidized sago cltakwas
higher than hypochlorite-oxidized starch. Oxidatieaction decrease the pasting temperature andaserpeak
viscosity, hot paste viscosity and cool paste \sggmf sago starch. The peak viscosity and hotepascosity of
peroxide-oxidized sago starch are higher than hylpoite-oxidized starch. Oxidation of starch usimgroxide
and hypochlorite catalyzed UV irradiation increaspdcific volume of starch. Baking expansion of dgfgorite-
oxidized starch is lower than peroxide-oxidizeddtaOxidation starch using peroxide with UV irraiion for 15
min gave the highest specific volume of sago stat@h65 mL/g with degree of baking expansion 65,6%
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1. Introduction

Native starch have been used since ancient tinserass material to prepare different products indf@md non-
food industries. Sago starch is one kinds of neastarch derived from the pith of Sago PaMet{oxylon sago).
Sago palm is one of the important economic plantanly because it has the highest yield of standieims of its
caloric yield per hectare. Its grown in several lltnopical countries, such as Indonesia, Malagsid Thailand
(Lim et al., 1991).

Sago starch is more difficult to used as raw malddr refined products in the food industry beeawd the
limitations of its physicochemical properties (Liofigan, 2007). Tethool et al., (2009) reported Haajo starch
has low swelling power, whereas this propertiesecuired in food industry, especially noodles aa#tdry. But
the shortcomings of starch physicochemical properthay be overcome by modifications, either by dbain
physical or enzymatic methods (Ketola and Hagh200.3).

Oxidation of starch is one of a chemically modifica. This method is important and widely used,suse the
resulted starch has a low viscosity, high stabititgrity, film forming and binding properties (R4mez-Rivera et
al., 2005). Oxidized starch has been used in mashystries particularly in the paper, textile, lanynfinishing and
binding materials industries to provide surfacéngizand coating properties (Kuakpetoon and Wan@6200ne
of the important properties of oxidized starche®doapplied in the food industry is baking expangooperties
(Bertolini et al., 2001; Demiate et al., 2000).

Oxidized starch is produced by reacting starch witlspecific amount of oxidizing agents under cdledo
temperature and pH (Wang & Wang, 2003). Severaflinxiy agents have been applied to starch oxidation
including sodium hypochlorite, bromine, periodapgrmanganate and ammonium persulfate. Among them
hypochlorite oxidation is the most common methodtf@ production of oxidized starch in an industseale,
because it is very efficient and cheap (Sancheriiet al., 2005). Hydrogen peroxide, is the othedizing
agent, has been used in a commercial practicendroxidation of starch, hydrogen peroxide doespmnotiuce
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harmful by product, because decomposes inevitabbxygen and water. Therefore, these chemical afer and
more environmentally friendly, making it suitablgpdied in the food industry (Ketola and Hagberg)20

Several studies on the oxidation of starch in presef Ultraviolet (UV) light has been done (Vatanehart et al.,
2003; Vatanasuchart et al., 2005; Lorlowhakarn idaivikul, 2005). EI-Sheikh et al., (2010) reportbdt cassava
starch oxidation with UV irradiation are affected the physicochemical properties. Another reseatates that
UV irradiation is important for baking expansionilap of cassava starch and its biscuit productsr{Blini et al.,
2001; Vatanasuchart et al., 2003; Vatanasuchat,e2005). This is caused the oxidizing agenth aschydrogen
peroxy and hypochlorite which exposed to UV lighll e formed the radical groups that trigger thedation
process (EI-Sheikh et al., 2010; Wang et al., 2012)

The purpose of this study was to compare the phghmical and baking expansion properties of pdexand
hypochlorite-oxidized sago starch. Sago starchaxédized use hydrogen peroxide and sodium hypottblarth
catalized by UV irradiations at varying oxidatiomes. The change in physicochemical and baking resipa
behavior were evaluated and compare.

2. Materialsand Methods

2.1. Source of Raw Materials

Native sago starch was obtained from traditionalketin Manokwari, Indonesia. Hydrogen peroxide%gGand
sodium hypochlorite containing 10% active chlor{méw) was obtained from Merck (Germany), and ahest
chemicals for analysis were analytical grade.

2.2. Design of Photochemical Reactor

Photochemical reactor design was shown in Fig.®. fdliotochemical reactor equiped with stainlesd s¢eetor
tank to place the material and mechanical stirtmgorevent precipitation of starch during oxidatiggaction,
pump to circulate slurry through a stainless stehel containing an UV lamp with 100-400 nm wawgjéh, the
funnel being designed in such a way that its volisrsmaller than the total volume of the slurryo®otreated.

2.3. Preparation of peroxide-oxidized sago starch

Oxidation of starch was performed used UV catabizatstrument (Fig. 1), with UV ligtht (wavelengtthi®0-400
nm) as an oxidation catalyst. Hydrogen peroxidedaton of sago starch catalyzed by UV irradiatioasw
prepared as previously described by El-Sheikh.ef{2010) with some modification. A known weight mdtive
sago starch was mixed with a known volume of déstilwater to making the starch-water slurry, with
material:liquor ratio is 1:6. The starch slurryéned into the reactor tank (No.1), and then 3%hydrogen
peroxide based on weight starch were added toltiey.sStarch slurry is pumped (No. 2) and circeththrough
the tube of UV irradiation (No. 4) and UV light wammersed. The process of oxidation with UV irrdidia was
performed for 10, 15, and 20 minutes (the time e@mted after all oxidant was added and UV ligtts waned
on). To prevent precipitation of starch during @tidn, mechanical stirring was performed (No.5)teAfthe
oxidation, the oxidized starch can be separatenh freacting slurry by filtration. The separated deédl starch
were washed with destilled water and dried in andrpven at 56C.

2.4. Preparation of hypochlorite-oxidized sago starch

Sodium hypochlorite oxidation of sago starch catedly by UV irradiation was carried out as descrilbgd
Sangseethong et al., (2009) with some modificati@hsdation with UV irradiation was performed asdebed
in the oxidation with hydrogen peroxide. The natsagjo starch was mixed with a destilled water t&ingathe
starch-water slurry with 1:6 ratio, and then 3%sodium hypochlorite based on weigth starch wereedd8tarch
slurry is pumped and circulated through the tub&dfirradiation and UV light was immersed for 1G and 20
minutes. After the oxidation, the oxidized stareim de separated from reacting slurry by filtratibhe separated
oxidized starch were washed with destilled water thien be dried in a drying oven at %0

2.5. Sarch color measurement

The color of oxidized starch in terms of L*, a* ah# values were measured by Chromameter CR-400i¢igen
Minolta, Japan).

2.6. Amylose content
Amylose contentof oxidized sago starch determinedine assay method from AOAC (2005).
2.7. Swelling Power and Solubility
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Swelling power and solubility of the oxidized staes were determined by a procedure described lepéwlale
et al., (2002). A starch sample 1.0 g was accwrateighed and quantitatively transferred into aacléried test
tube and re-weighed (W1). The starch was then disgein 50 ml of distilled water. The resultantrsjuwas
heated at 9% for 30 min. The mixture was cooled to°Cand centrifugated (500 rpm, 15 min). Aliquotsn(§

of the supernatant were dried to a constant wedghitl0°C. The residue obtained after drying the supemata
represented the amount of starch solubilised iremv&olubility was calculated as g per 100 g ofcétaon a dry
weight basis.

The residue obtained from the above experimergr(aintrifugation) with the water it retained wasqtitatively
transferred to the clean dried test tube usedegatid weighed (W2).
(W2-W1)

Swelling of starch = (weight of starch)

2.8. Carbonyl content

The carbonyl content was determined as describeuakpetoon and Wang (2001). Satrch sampel (4g) was
slurried in 100 mL of distilled water. The slurnasigelatinized in a boiling water bath for 20 ndogled to 46C

and adjusted to pH 3.2 with 0.1 M HCI. Then 15 mfLhgdroxylamine reagent was added. The flask was
stoppered and agitated in a water bath atClOAfter 4 h, the sample was rapidly titrated to p}2 with 0.1 M
HCI. A blank determination with only hydroxylamineeagent was performed in the same manner. The
hydroxylamine reagent was prepared by dissolvirg Ii3&Iroxylamine hydrochloride in 100 mL of 0.5 M Q4.

The final volume was then adjusted to 500mL witstidled water. Carbonyl content was calculatedadiswvs:

[ (blank - sample)mL x Acid Normality x 0.028 x 100
sample weigth (g, dry basis)

Carbonyl content=

2.9. Carboxyl content

The carboxyl content of starch was determined uaingpdification of FAO method described by Sandsss] et
al., (2010). Starch sample (5g) was stirred in 25h010.1 M HCI for 30 min. The slurry was then fikkel and
washed with distilled water until free of chlorids. The filtered cake was transferred to a 600bmhker, and
the volume was adjusted to 300 mL with distilledavaThe starch slurry was heated in a boiling whsgh with
continuous stirring for 15 min to ensure complettatnization. The hot sample was immediately titdawith 0.1
M NaOH using phenolptalein as indicator. A blanketlmination was run on the original sample in thens
manner but being stirred in 25 mL of distilled waitestead of 0.1 M HCI. Carboxyl content was cadtedl as
follows:
_ [(sample - blank)mL x N NaOH x 100

Carboxyl content= sample weigth (g, dry basis) x 0.045

2.10. Pasting properties

The RVA parameters were determined using the Rédiating to Zaidul et al., (2007). Each sample dfvesand
oxidized sagu starch was added to 25 ml of didtiliater to prepare a 6% suspension on a dry wdighis
(w/w).. Each suspension was kept at°60for 1 min and then heated up to @5at 12.2°C/min and held for 2.5
min at 95°C. It was then cooled to 5C at 11.8C/min and kept for 2 min at 5. The pasting temperature (PT),
peak viscosity (PV), hot paste viscosity (holdifdPV), cool paste viscosity (CPV) and their derivati
parameters breakdown (BD = PV - HPV), and setb&@®& € CPV - PV) were recorded and presented in
centipoise (cP).

2.11. Baking expansion properties

The baking property of starches was determinedeasribed by Demiate et al., (2000) with some modifon.
The baking property was measured by weighing 10gtarth sample and partially cooking by additiort@fmL

of boiling de-ionized water over this starch maBkis partially cooked starch was homogenized tapce a
dough, that was molded to three small balls ane:ain an electric oven at 200 for 25 min. After baking, the
doughs were weighed, and made impermeable by ysangffin and their volumes determined on graduated
cylinders as the volume of water displaced. Theaagjpn was obtained by dividing volume by weight avas
expressed as specific volume (mL/g).

2.12. Satigtical analysis

The data obtained from this study were analyzedgusinalysis of variance at a 95% confidence level a
comparisons significant for all treatments used Li8&. SPSS v17.0 software (SPSS Inc.) was usadalyze



Food Science and Quality Management www.iiste.org

ISSN 2224-6088 (Paper) ISSN 2225-0557 (Online) T
Vol .10, 2012 st
the data.

3. Results and Discussion
3.1. Color evaluation of oxidized starch

Table 1 showed the effect of hydrogen peroxidesmaium hypochlorite oxidation catalyzed by UV iricttbn on
oxidized sago starch color. The L* value was a patar for characterizing starch color and it wadiract
measurement of its whiteness. The L* value incréaatien UV irradiation time was increase. The Liueaclose

to 100 indicates white material. Increasing theviafue due to the peroxyl groups and active chlopreduced
while UV irradiation time can act as bleaching ég@anchez-Rivera et al., 2005; Indra, 2009). Blaémv10 min

of UV irradiation time, L* value of oxidized sagtasch was lower than L* value of native sago staidhis is
probably due to the presence of polyphenol oxidaiseyme at native sago starch that promotes enzymati
browning. This reaction cannot be completely elimtéa during the modification processes (Miftahdmraan and
Novarianto, 2003; Flores et al., 2010). During @tidn process, aldehyde groups is formed and #seqnrce
increase the b* value or yellownes of starch c@@hiu and Solarek, 2009).

3.2. Amylose content

Amylose content, swelling power and solubility oddized sago starch are shown in Table 2. Amylasdgent of
sago starch increase with peroxide and hypochlatielation process. Increasing irradiation timegré@ase
amylose content of oxidized sago starch. Increaamglose content might be due to depolymerizatibstarch
molecules into the polymer chain with chain lengthsrter in greater numbers (Kuakpetoon and Wa@g6R
Besides carbonyl and carboxyl groups formed whi@ation reaction, oxidation also causes degradatib
starch molecules by mainly cleaving amylose andlep&gctin molecules at-1,4 glucosidic linkages (Wang and
Wang, 2003).

3.3. Swelling power and solubility

Swelling power and solubility of oxidized sago stamwas increase from 10 min to 15 min irradiationet and
then decrease. Increasing swelling power might thébated to the formation of more hydrophilic gpsu(—
COOH) during oxidation (Lee et al., 2005). Decregsswelling power when increasing irradiation timay be
due to photocrosslinking occur during oxidationctem. Photocrosslinking inhibit swelling power oxXidized
starch (Wang and Wang, 2003; Lorlowhakarn and Kaly2005)

Solubility indicate a quantity of soluble starchlgmules at a certain temperature. Table 2 showatdsthiubility

of starch will increase along with peroxide and dgfglorite oxidation reaction. The UV Irradiatiomg until 15
min increasing solubility, but at 20 min time irfation the starch solubility was decreased. Indéngasolubility

of starch after oxidation process resulting frora tlepolymerization and weakening structure of bt@mnule
cause amylose leaching occured (Adebowale et @02;2Lorlowhakarn and Naivikul, 2005). Decreasihg t
starch solubility at 20 min time irradiation might due to photocrosslinking of starch molecule a@=ur while
oxidation reaction. These crosslinks could stabitize swollen granules and overcome the negatipadiifrom
minor depolymerization (Kuakpetoon and Wang, 200/Ang and Wang, 2003). Table 2 showed that swelling
power and solubility of peroxide-oxidized sago stahigher than hypochlorite-oxidized starch.

3.4. Carbonyl and carboxyl content

During oxidation process, hydroxyl groups on staneblecules are oxidized to carbonyl and carboxglugs.

Kuakpetoon and Wang (2006) and EI-Sheikh et abD1(2 have proposed a consecutive reaction pathhiohw
hydroxyl groups in starch molecules are first czédi to carbonyl groups and then to carboxyl grolipss

depending on the type of oxidant used and the imaconditions. Parallel reaction paths in whichbcay! or

carboxyl groups are selectively formed by oxidatminthe hydroxyl groups at C-2, C-3, and C-6 posi

(Kuakpetoon and Wang, 2006).

Carbonyl and carboxyl content of peroxide- and loyparite-oxidized sago starch are shown in Tabl€&bonyl
content of peroxide and hypochlorite-oxidized dtadecrease by increasing UV irradiation time. Dasieg
carbonyl content may be due to carbonyl groups éarnvhile oxidation reaction are converted to caybgroups
(El-Sheikh et al., 2010; Sangseethong et al., 2d&0areze et al., 2010). Carboxyl content incrépsmcreasing
irradiation time at 15 min and then decrease. b&irgy of carboxyl content may be due to furthedation of the
carbonyl to carboxyl groups and after 15 min reactthe decarboxylation occurs (EI-Sheikh et al.1®0

4
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Carbonyl was a primary functional group producedttia peroxide-oxidized starches, while carboxyl veas
primary functional group produced hypochlorite-azétl starch (Vatanasuchart et al., 2005).

3.5. Pasting properties

Table 4 showed the pasting properties of peroxided hypochlorite-oxidized sago starch. The pasting
temperature of oxidized starch was lower than eatago starch. Peak viscosity, hot paste (holdiisgpsity and
cool paste viscosity increase with oxidation reattiDecreasing pasting temperature might be duecteasing
hydration capacity of starch molecules, so the ggn@ecessary to carry out the gelatinization preaesrease
(Zaidul et al., 2007; Wang and Wang, 2003). Indreagpeak viscosity was attributed to the formatiofn
hemiacetal or hemiketal cross-links from oxidatievhich are assumed to occur mostly among amylapecti
molecules and to a lesser extent between amylopecti amylose molecules. Crosslinking was attribute
increasing molecular weight and paste viscosityaliaetoon and Wang, 2006; Wang and Wang, 2003).

The peak viscosity and hot paste viscosity of peewxidized sago starch higher than hypochlorkiliaed
starch. This phenomenon might be due to hemiacetaklink formation and it increase of the staratienular
weight. The cool paste viscosity of hypochloriteédizved starch higher than peroxide-oxidized statnhreased
UV irradiation time, increasing cool paste viscpsithis phenomenon due to amylose chains were siakdb
during the heating step forming a network that Aadore compact structure (Sanchez-Rivera et 8520 his
condition attribute to increasing cool paste vidyosnd setback of hypochlorite-oxidized starch.

3.6. Baking test

Table 5 showed baking expansion properties of peéesxand hypochlorite-oxidized sago starch. Theckta
oxidation using peroxide and hypochlorite catalybgdJV irradiation are effectively increasing sgacivolume
of the oxidized starch. Oxidation using peroxid¢hwiV irradiation time for 15 min produce the highspecific
volume of sago starch at 8.65 mL/g with degreeakditg expansion 65,6% compared to native sagotstavbile
oxidation using sodium hypochlorite with UV irrati@an time for 10 min gave the lowest specific vokuat 7,35
mL/g with degree of baking expansion 40,7%. Figuishowed baking expansion of oxidized sago starch.

Increased degree of baking expansion due to catl@omy carboxyl groups formation while oxidation cgan.
Carbonyl and carboxyl groups are affect to incregsiydration capacity of oxidized sago starch (Wand Wang,
2003). Increased hydration capacity of starch doutie to water bonding increase in starch molecues! it
affect increasing water vapor and internal pressiuring baking process. Increased the baking eskparmdue to
the formation of matrix amorph structure along wittdrogen bonds (Bertolini et al., 2001). Baking&nxsion of
hypochlorite-oxidized starch is lower than peroxidédized starch. This phenomenon might be dueh® t
formation of more compact amylose structure whaéatinization process and its inhibit increasedhef baking
expansion (Sanchez-Rivera et al., 2005; Vatanasuehal., 2003).

4. Conclusions

Oxidation sago starch using hydrogen peroxide adiusn hypochlorite catalyzed by UV irradiation aféected
on physicochemical properties of oxidized sagockta€Carbonyl content of peroxide- and hypochlooxidized
starch decrease by increasing UV irradiation ti@arboxyl content increase by increasing of irradmatime at
15 min and then decrease at 20 min irradiation .timereasing irradiation time, increasing amylosatent of
oxidized sago starch. Swelling power and solubitify oxidized sago starch increase at 10 min to 18 m
irradiation time and then decrease at 20 min ig#ah time. Swelling power and solubility of perdatoxidized
sago starch was higher than hypochlorite-oxidizatth. Oxidation reaction decrease the pasting ¢eatpre and
increase peak viscosity, hot paste viscosity aral paste viscosity of oxidized sago starch. Thekpégscosity
and hot paste viscosity of peroxide-oxidized sagech higher than hypochlorite-oxidized starch.dzed starch
is suitable to improve baking properties. Oxidatstarch using peroxide with UV irradiation time fids min gave
the highest specific volume of sago starch at &6 with degree of baking expansion 65.6%.
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Table 1. Effect of hydrogen peroxide and sodiumdayyorite oxidation catalyzed by UV irradiation oridized
sago starch color

Sampel treatments Starch color
Oxidizing agent |rrad|(::|i(r)];1 time L* a* b*
Native Sago Starch 87.86 1.72 2.76
H,0, 10 85.32 3.45 2.85
15 89.48 3.20 3.15
20 90.56 2.84 3.63
NaOCI 10 84.12 3.49 2.86
15 87.94 3.35 3.07
20 88.45 3.26 3.20

Result are expressed as an average of three epicaMeans in a column with different supersaipre
significantly different at P<0.05 by ANOVA and LSD
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Table 2. Effect of hydrogen peroxide and sodiumdayporite oxidation catalyzed by UV irradiation amylose
content, swelling power and solubility of oxidizealgo starch

Sampel treatments

i radiation time Amylose content Swelling Solubility
Oxidizing agent (min) (%) (%) (%)

Native Sago Starch 31.9+0.25 38.1+0.92 25.3+0.47
H,O, 10 33.7+0.4% 36.2+0.12 28.2 £ 0.36'
15 33.8+0.14° 40.1+1.37 35.1+0.35
20 34.5 + 0.46° 37.8+0.15 33.6 £ 0.1
NaOCl 10 33.3+0.48 33.5+057° 18.4 + 0.02
15 33.8 + 0.54° 34.6+0.19 23.6£0.14
20 34.8+0.16 32.8+0.22 17.9 +0.23

Result are expressed as an average of three tgplicaMeans in a column with different supersaipre
significantly different at P<0.05 by ANOVA and LSD

Table 3. Effect of hydrogen peroxide and sodiumdayyorite oxidation catalyzed by UV irradiation oarbonyl
and carboxyl content of oxidized sago starch

Sampel treatments

Carbonyl content Carboxyl content

irradiation time

Oxidizing agent (min) (%) (%)

Native Sago Starch 0.45 + 0.82 0.33+0.03

H.0, 10 0.52 + 0.04 0.23+0.02

15 0.49 + 0.04° 0.44 +0.04

20 0.44 £0.02° 0.35+0.02

NaOCl 10 0.49 + 0.0¥ 0.30 £ 0.04

15 0.43+0.03 0.32 +0.04

20 0.41+0.02 0.29 + 0.03

Result are expressed as an average of three tgplicaMeans in a column with different supersaipre

significantly different at P<0.05 by ANOVA and LSD
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Table 4. Effect of peroxide and hypochlorite-oxatizwith UV irradiation on pasting properties of dixed sago
starch

Sampel treatments Pasting Hot

Temp _Peak_ Paste qu P"?‘Ste Break Set
Oxidizing  irradiation o) Viscosity Viscosity Viscosity Down  Back
agent time (min) (cP) (cP) (cP)
Native Sago Starch 72.6 4715 480.0 865 -8.5 393.5
H,0, 10 68.8 590.4 585.4 982.7 5.0 392.3
15 69.2 692.0 642.8 975.0 49.2 283.0
20 68.2 651.7 615.6 1032.9 36.1 381.2
NaOCI 10 71.6 490.5 4854 1006.4 51 515.9
15 70.5 532.0 545.0 1021.5 -13.0 489.5
20 70.1 556.2 560.2 1038.0 -4.0 481.8

Table 5. Effect of peroxide and hypochlorite-oxatizwith UV irradiation on baking expansion of ozl sago
starch

Sampel treatments

_ SR Specific volume Degree of Baking
Oxidizing agent '”ad'(";‘:iz;' time (mL/g) Expansion (%)*
Native Sago Starch 5.22+0.42 -
H,O, 10 7.58 +0.38 45.1
15 8.65 +0.29 65.6
20 8.43+0.22 61.4
NaOCl 10 7.35+0.19 40.7
15 7.62+0.23 46.0
20 7.68 £0.26 47.1

Result are expressed as an average of three epicaMeans in a column with different supersaipre
significantly different at P<0.05 by ANOVA and LSD.

* sample treatments compare with native sago starch
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Note:

1. Reactortank 2. Circulation pump
3. Circulation pipe 4. UV lamp tube
5. Mechanical stirring 6. Control panel

Figure 1. UV catalyst instrument.

Figure 2. Baking expansia@f oxidized sago star. a) Native Starch; b) i@, for 10 min; ¢) kO, for 15 min; d)
H,0, for 20 min; €) NaOCI for 10 min; f) NaOCI for 15 mig) NaOCI for 20 mi

10



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

CALL FOR PAPERS

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. There’s no deadline for
submission. Prospective authors of IISTE journals can find the submission
instruction on the following page: http://www.iiste.org/Journals/

The IISTE editorial team promises to the review and publish all the qualified
submissions in a fast manner. All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than
those inseparable from gaining access to the internet itself. Printed version of the
journals is also available upon request from readers and authors.

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

m EB O INDEX (\(@‘ COPERNICUS
I N TEIRNATTIONA L

INFORMATION SERVICES
ULICHSWEE, , JournalTocs @D

- E'zB Elektronische
lBA SE .. ©0®Zeitschriftenbibliothek

open

o G

The world’s libraries. — UniverseDigitalLibrary —
Connected. WorldCat

y

(A
GEORGETOWN UNIVERSITY
LIBRARY



http://www.iiste.org/
http://www.iiste.org/Journals/

