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Abstract

Black rice is a food crop that contains a variety of useful substances, especially
anthocyanins (ACNs)widely known as a representative natural antioxidant.
However, applicatiorof black rice containing ACNhas beenlimited as ACN
belongs toone ofthe mos unstable compousdamong natural products, and its
crystallization is difficult. Therefore, in this study, theprovement of ACN
stability was attemptedby using cyclodextrin (CD) a versatile host molecule
capable of forming a complex with various guesoleculesto improve thé
thermal and photostability. The optimization of CD productiofiom variousrice
starch was also conducted andreaed with isoamylase, CGTase from
Thermoanaerobacter spand glucoamylase

The physicochemical properties ofvd different cultivars of rice starch
Dodammi (DD), llpummi (IP), Saegoami (SG), Sintoheukmi (SH), and
Geonganghongmi (GH) wereviestigated and the yiedcbf CD production were
compared. Due to the highest amylose content of 66%, DD showed significant
differences from the other cultivars in the results of various physicochemical
analyses such as HPAEC, RVA, DSC, XRD and SHvbm the preliminary

experiments to determine the optimum conditions for CD production using SG



starch,the maximum yieldof 76.6446 was obtained when B/g isoamylase was
treated for 8 h, 25 U/g CGTase was treated for 6 h, and 50 U/g glucoamylase was
treated for 6h. When CD was produced from the five cultivars at the optimal
conditiors, DD starch showed the highest yield of 82.9IPkerefore,DD was
selected as the final substrate for CD production.

After extraction, ACN was pulverized by lyophilizatioho investigate the effect
of CD on ACNstability, 02 % oGD whs mixed with 0.1% ACN at pH 2, 4, 6,
and 8 for 24 h, and a decreadeantioxidant activity during heat treatment {G%
and UVB irradiation for 24 h was monitored using ABTS method. In the heat
treat ment condi t i-GDnat pHt 2h resulteddid B tsigndicant o f b
improvement in antioxidative stability of ACN. A silar improvement of ACN
antioxidative stabilitywith b-CD was observed for UVB irradiation testspa 2.
The degradation constant (kd) value and -hfdf (t12) of antioxidant activity
suggested that ACN ex&d in a structure susceptible to heat at pHald
vulnerable to UVB at pH 4and CD worked to protect ACN at these plAs a
result of comparing the antioxidative stability of ACN with the addition of CD
produced from DD (DBCD) and maltodextrin (MD) at pH 2 and 4 under the same
conditions, the addith of DDDCD was superior to -€CChe addit
This resultindicatedthat CDwas superior to MD in complex formation with ACN,
and -Ub a-60Qcortained in DBCD weremore effectiveo protectACN than
b-CD only.

In conclusion, this studgonfirmed that higly efficient CDs could be produced
from rice starch by sequential treatment of isoamylase, CGTase, and glucoamylase.

Also, CD was found to form a complex with ACN to alleviate-gé¢pendent



thermal and photoinstability of ACN and suggésd the possibility of industrial
application. However, in the production of BID, the activity of CGTas&as
inhibited by sugar and CD. Therefore, a process of separating and adsorbing CD
was required during the process. In additismce ACN is known b be unstable in
environments other than light or hefatither studies about the effect of BID on

the storage stability and oxidative stability of ACN will be needed. It is highly
feasible thaDD-CD containedstableantioxidantmaterials can be developadd

also, theutilization of black ricecan be gpardedin the future.

Key words: Black rice, anthocyaningcyclodextrin, isoamylase, cyclodextin

glucanotransferasglucoamylase, thermal stability, phettability
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. Introduction

Rice has been regarded as an important food resource in the(Mbitdwaet al,
2001J). There are various cultivars of rice such as japornde indicarice, flavored

rice, and so onAmong them,black rice is especially known as economically
important rice species due to its beneficial components. Black rice contain
polyphenolics,vitamin E, Tocopheral o-oryzano] and rich anthocyanigACN)
(Kong & Lee, 201D However, black rice is often used as a cooked rice form, but it
is not utlized as a functional matet because of its low stabilitpf ACNs.
Therefore, studies to improve the stability of the useful components of black rice

are needed.

ACN, a group of phenolic compounds, is glycosylated polyhydroxy and
polymethoxy derivative of flavilium saltSerraino et al, 2003. It is a
representativdunctional material in black rice aneiists in different chemical
structuresdepending on the degree of acidity or alkaliniBrouillard & Dubois,
1977). A notablecharacteristiof ACNs is antioxidant actity that is effective in
the prevention oheurological and cardiovascular illnesses, cancer and diabetes,

among others (Patras et al., 2010).

Despite the great potential of ACN, it is difficult to utilize in a variety of
industries, since it is one ofdéhmost unstable compound among natural products
and its degradation can be occurred by many factors, such as temperature, oxygen,
light, and so on (Mourtzinos et.aR008). Thereforemnany studies were reported
technologies of encapsulation of anthocyamuluding spray drying, coacervation,

1



liposome entrapment, inclusion complex, cocrystallization, nanoencapsulation,
freeze drying, yeast encapsulation and emulsion to enhance the stabfiGNof
(Fang& Bhandari, 2010. Among these various technologi@sclusion complex
using cyclodextrin (CD) was coiered interesting, because @s similar with

amylose and amylopectin in which natural ACNs coexist (Yansadh,1980).

CD is a cyclic oligosaccharide most commonly ciated of 6, 7, or 8 glucosidic
units named}, b-, anda-CD, respectively (Dodziuk, 2006yhe most remarkable
ability of CD is forming inclusion complexes with a variety of guest molecules due
to their unigue structure of hydrophobic caviRy(ndénet al, 1983 Thaninget al,
2008. Among thel}, b-, anda-CD, b-CD is especiallyuseful in the industrgue to
its high encapsulation efficiencwppropriatecavity dimensions, and low cost
(Sanchoet al, 2011). Mourtzinos et al. (2008) protected ACNs from thermal
degradatiorby the presence df-CD. They reported that the ilusion complex of
H. sabdariffa L. extract witfo-CD was remained intact at 150 °C wherethe
free extract was oxidizetloward et al. (2013lsoinvestigated the effect &CD
againstthe stability ofChokeberryACNs and identified that addition of8b-CD
with chokeberry at pH3.6 showed excellent protection of ACNs with 81% retention

after 8 months of storage at°Z5

As mentioned above, studies on the interactiol’AGN with CD have been
reported, but no hdepth studies have been reported on the theramal phote
stability of CD and ACN produced in riceThus, n this study, te degradation of
antioxidantactivity against heat and light was investigated by forming complexes
of ACNs with b-CD, CD from rice starch, and maltodextrin (MDSpecial rice

2
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starchesPodammi (DD), llpummi (IP), Saegoami (SG), Sintoheukmi (SH), and
Geonganghongmi (GH)with high-amylose cor@nt were used as substrate for
producing CD andACN extracted from SH for the first time. The enzymatic
processes for the efficient CD production were investigated using cyclodextin
glucanotransferase (frofihermoanaerobacter sfeC 2.4.1.19 isoamylaseand
glucoamylase. Also, 8N was appeared with a degree of antioxidant activity by

ABTS assay.

Therefore, the goals of this research werdevelopenzymatic processes for the
efficient CD production from rice starch and to enhance the stabiligG@Nl by

forming a complex with CD.

Specific objectives are as follow.

1. Identification of physicochemical characteristics of various rice cultivars.

2. Enzymatic production of CD and comparing the yield of CD produced from
various rice cultivars.

3. Development of factional complex using CD witACN and investigation of

its effect on the stability oACN.



. Background and literature review

2.1. Starch

Starch is widely used in many industries for a variety of purposes such as adding
stability, gelling, thickening, or lowing co¢BeMiller & Whistler, 2009) Normal

starches are composed of two polymers of glucose, amylose and amylopectin. They

form insoluble and semicrystalline structure of starch granule with an internal

lamellar structure (Zeemaet al, 2010).Amy | os e, a | tldénked chai ns
glucose residues, can have a degree of polymerization (DP) as high asad00

molecular weight ofamylose is aboup 1 Da. Amylose can complex with free

fatty acids, glycerides, some alcohols, and iodine through hydrophobic core due to
hydrogen atoms of the internal lamellar structukenylopectin (with molecular

weight ranging fromp mtop mDa), anaj or component-l4of star
linked glucose residues with about 5% of branch points and the molecule possesses

three types of chains: A, B, and C cha{fgy. 1) A-chains, the outer chains of
amylopectin, are linked with an inner chain (B)atert reducing group by# of

a glucose residue.-Bhains are longer than-¢hains anctarryone or morechains

as branchesThe single Gchain has theole reducing terminal residue and other

chains as branches likedhains Buléonet al, 1999.

Starch carnbe modified to increase its quality and vall®y chemical reaction,
physical reaction, anenzymatic treatmest(Bemiller, 1997). Enzymtic methods
are commonly used because they are economical and efficient to produce modified

starch (Satyanarayanat al, 2004). For these reasons, enzymes used in
4



modification of starch, such as amylases, isoamylases, glucanosyltransferases, and

glucoamylases, are favoured and noteworthy (Ray, 2011)

L B chain
'I '\ Y C chain

______ — Y ', Lo g

| J ¥ A

Y i i i
i i i
i A
i i J
— 1

Fig. 1. Model of the different chainsonstituting the amylopectin.



2.2. Cyclodextrin glucanotransferase (EC 2.4.1.19)

Cyclodextrin glucanotransferageC.2.4.1.19 CGTasg is one of the important
industrial enzyme isolated from more than 30bacteria such afBacillus
ThermoanaerobacteiKlebsiellg and Actinomycetespecies(Qi & Zimmermann
2005) Although CGTases traditionally known as exacting enzyme producing
cyclodextrin(CD), it has many other multiple functighs & Xia, 2014. CGTase
can catalyze transglycosylation reaction as well as hysisotgaction on starch
andCDs (Tonkova, 1998). Such activities of CGTase on inded intramolecular
t ransgl yc elstglicanare kmown asfthe tyclization reacti@y. 1-(1))
and the disproportionation reactiofEq. 1(2)), respectively. CGTase is also
capable of catalyzing the transglycosidic linearization (coupling reaction), the
reverse reaction of cyclization, @Dswith an acceptor molecule to produasear

U-1,4-glucars (Teradeet al, 1997).

cyclization
Gn — G[n—x] + C-Gx [1]
coupling

disproportionation
Gn + Gm —_ Gln—y] + G{m_;_}.-]
(2)

Eq. 1 The reations of CGTase (Schmid, 1989).



CGTase is usually classifieal s-, § b eQGTaseaccording to the type and
yield of CDs produced at the highest ratios under the reaction conditions
(Kamaruddinet al, 2005 (Table 1) Toruzyme 3.0 L, a popular commercial
CGTasetefrom Thermoanaerobacter spbelongs to thé-CGTasefamily (Lu &
Xia, 2014).Toruzyme 3.0L produces a mixture of CDsith 6 (U) 7 (b), and
glucose unitrom the starch(Zhouet al, 2010). Initially, - andb-CD are formed
as equal levels, but if the reaction is continue@D becomes the major element.
Toruzyme 3.0L also prefers using-CD as the donor in disproportionation

reactions thaproducing it through cyctiation reactiorfAra et al, 2015).

Most CGTases that have been investiga@muprodue more than one type of
CDs as Toruzyme 3.0L, becausd), -, b a-CH hawe a dimensionally distinct
central cavity andlifferent specificity forCGTases producing a specific type of
CD. For this reason, recent studigsve been focused on either rational protein
engineering of CGTases based on the mechanism of the cyclization reaction or
design of reaction methodology by optimizinge production vth physice
biochemical parameters to use the wilgde enzymefor improving the yield of

specifictypes of CDs (Teradet al, 1997).



Table 1. Type of CGTases produced from various bacteria (Schmid, 1989).

Organism CGTasetype Gene cloned
Klebsiella oxytocavi5al U +
Bacillus macerans U +
Bacillusstearothermophilus U] +
Bacilluscirculans b +
Bacillusmegaterium b -
Bacillusohbensis b -
Micrococcussp. b -
Alkalophilic Bacillus 382 b +
Alkalophilic Bacillus 171 b +
Alkalophilic Bacillus 1011 b +
Alkalophilic Bacillus +1 b +
Bacillus subilis No. 313 ) +
Alkalophilic Bacillus 2963 ) +




2.3. Cyclodextrin (CD)

2.3.1.Properties and structures

Cyclodextrirs (CDs) arecyclic and nonreducing oligosaccharideo mposed of U
D-glucose units with U-1,4-glucosidic linkages produced from starch or starch
derivates using CGTase (Szernetnal, 2007; Biwer& Heinzle, 2004). CDs are
designatd by the number of glucose unitd(6 units), (7bunits), (8ounits}CDs
and so on(Fig. 2). The three major CDs{}, b-, o-CD, are crystalline,
homogeneous, nontgoscopic substances which have a torus like macroring shape.
Each CDhas different diameter and solubilit due to the different numbesf
glucose units (Tabl&). U-CD has the smallesholecular weight and diameter, but
water solubiliPy. i ghéai gvlaerer-ChOsaitroonbi | i ty
temperature25°C) is 1.7%, the lowest solubility of all thenajor CDs, because
the C20H group of one glucopyranoside uoén build a hydrogen bond with the
C3-OH group of thenext glucopyranose unéndthese hydrogebonding forma
complete seondary beltmaking it a inflexible structurein the cavity ofb-CD.

On the other hands, tHeCD has the incomplete hydrogen bond belt, as one
glucopyranose unit is in a distorted position. DA€D is more flexible structure
compared tothe other CDs, and is therefon@ore solublethan U and b-CD

(Fromming& Szejtli, 1993.

The importantproperty of CB¥ is forming inclusion complexes with various
hydrophobic and insoluble low moleculaveightcompounds by itsunique

hydrophobic interior cavity (Kim & Lee, 1997) The cavity is lined by the



glycosidic oxygen bridges and the hydrogen atormespectively.Due to the

structure of hydrophobic cavitgiverseproperties of the guest molecules, such as

their water solubility, stability, and bioavailability can be efficiently manipulated

(Kaulpiboon& Hansaku) 2007).For this reasonCDs areone of the mostvidely

utilized materialsn food, cosmetic, pharmaceutical and any other industries.

Fig. 2. Structure of}, -, &do-CD (Frémming, 1993)

Table 2. Solubility of U-, b-,

a-@ with different condition(Li & Purdy, 1992).

characteristics U b 2

no. of glucose units 6 7 8
Molecular weight 972 1135 1297
Solubility in water (g/100mL) 14.5 1.85 23.2
Cavity diameter ( ) 4.7-5.3 6.0-6.5 7.57 8.3
Height of torus ( ) 79+0.1 7.9+0.1 79+0.1
pKa values 12.33 12.20 12.08
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2.3.2. Applications

Szejtli (1988) reported CIB can protectactive ingredients against oxidation,
light-induced reactions, heptomoted decomposition, and loss by volatility or
sublimationin food. Also, CDs can eliminate or reduce undesirexbtes/odors,
microbiological contaminations, fibres/other undesired components, hygroscopicity,
etc. Szente& Szejtli (2004)found that arious CD complexes can beed in foods
as conserving agents or antiseptic, 0.dirie b-CD inhibits putrefying for 2
months as20°C in fish paste or in frozen sdaod products.n drug delivery,
Loftssonet al. (2005) reported that CD is utilized to increase aqueous solubility
and stabilityof poorly soluble drugs, and to improve drug delivery so that the
complexing agentsncreasetheir bioavailability CD is also useful in peptide,
protein, andoligonucleotidedelivery (rie & Uekama 1999 as well as a gene

delivery systeml(i & Loh, 200§.

2.3.3. Production

Szermanet al. (2007) reported thatlifferent types of starch can be used as
substrate, but starch containing a high percentagengfose such as maize starch
and wheat starch gives lower yields of CD than amylopettiey used casva
starch that has a high amylopectin content and obtained 66% (w/w) yield of CD
with 1.00:0.70:0.16 of th&-CD: b-CD: 2-CD weight ratio. Sagastarch, obtained
from the cycadCycasrevolutesynthesized 25.97/Ig of b-CD (the distributions of
U, b-, ando-CDs were 7%, 65%, and 28%, respectively) using partially purified

11



Bacillus circulans CGTase by ammonium sulfate precipitation ati A%

saturation (Charoenlagt al, 2004).

A preliminary treatment of starch by physical, chemical, and enzymatiton®

is recommended when starch is used as raw materi&@Dgproduction, because

the high viscosity of the mediunmterrupts stirring and contact between the
enzyme and the substrai® be hydrolyzedBiwer & Heinzle 2004). Moreover,
CGTass do not act on thé+1,6-linkages of amylopectin and a part of the starch
molecule remains unused, so preliminary treatment of starch with debranching
enzymes like pullulanase or isoamylagiich cleavelt1,6- linkages is needed to
make this part of starchhain accessible for CGTaséRendleman1997). For
instance, Duan et al. (2013) developed a simultaneous conversion approach by
conjunction use of isoamylase frofinermobifida fuscavi t -EGThbke, and the

total yield of CD on the optimum condition readr#4.6 % (w/w) after 24 h, which
was 31.2% higher t hCGhasd aloreXlss,fPishtiysiadtalon wi t h
(2006) found that CD vyield was 50.9% by usib@mylase, and the effect of
debranching was highest in the case of corn starcl€CEhgeld increased by 10%.
Without pretreatment, the yield €D and maltodextrin was 27.9 and 31.4%,
respectively prior to removal 0f40.7% ofresidual corn starch by centrtfugation

(Kim et al., 1997).
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2.4. Anthocyanin(ACN)

Anthocyanins(ACNs) are pigments of flavonoid group that widely exist in many
plant and fruits as red to purple to blue col&&Ns can be used in food, cosmetic

and pharmaceutical industries because they have great potential as natural colorants,
antioxidant ability and 8ab reducing the risk of cardiac diseases or cancer.
However,ACNs are very sensitive to temperature, pH, light, oxygen and another

factor, so their stability is quite low to processing and storage (Tenaln 2010).

The basicstructure of ACNs are thenthocyanidins (or aglycons), consist lnfete
bonded aromatic ringd &ble3); an aromatic ring [A], &eterocyclic ring [C] that
contains oxygen, and third aromatic ring [B] (Koncz&k Zhang 2004).
Anthocyanidinsare known asACNs when they are found ia glycoside form
(bound to a sugar moiety) (Castané€dleandoet al, 2009).ACNs may exist in a
variety of forms like protonateflavylium cation AH+), deprotonatedquinoidal
bas@, hydrated(hemiketa), and isomeric formgchalcong, and these moleces
exist as the relative proportion that strongly degendpH. These forms may play
an important role in the antioxidant actoof anthocyanins. The completely
conjugated structuseof ACNs allowing electron delocalization results in very
stable radical products, which is favorable considering antioxidativite ability

(K&hkdnen& Heinonen 2003)
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Table 3. Identification of anthocyanidins (aglycons) (Castan€dzando et a).

2009.
General anthocyanins structure

Substitution pattern
Name Abbreviations Colour

R R2 Rs R4 Rs Re Rz
Apigeninidin Ap H OH H OH H OH H
Arrabidin Ab H H OH OH H OH OMe N.R2
Aurantinidin Au OH OH OH OH H OH H
Capensinidin Cp OH OMe H OH OMe OH OMe  Blue-red
Carajurin Cj H H OH OH H OMe OMe N.R2
Cyanidin Cy OH OH H OH OH OH H Orange-red
Delphinidin Dp OH OH H OH OH OH OH Blue-red
Europinidin Eu OH OMe H OH OMe OH OH Blue-red
Hirsutidin Hs OH OH H OMe OMe OH OMe  Blue-red
35HydroxyAb B/ (A H H OH OH OH OH OMe N.R2
6-HydroxyCy 60HCy OH OH OH OH OH OH OH Red
6-HydroxyDp 60HDp OH OH OH OH OH OH OH Blue-red
6-HydroxyPg 60HPg OH OH OH OH H OH H N.R2
Luteolin Lt H OH H OH OH OH H
Malvidin Mv OH OH H OH OMe OH OMe  Blue-red
5-MethylCy 5-MCy OH OMe H OH OH OH H Orange-red
Pelargonidin Pg OH OH H OH H OH
Peonidin Pn OH OH H OH OMe OH H Orange-red
Petunidin Pt OH OH H OH OMe OH OH Blue-red
Pulchellidin PI OH OMe H OH OH OH OH Blue-red
Riccionidin A RIiA OH H OH OH H OH H N.R2
Rosinidin Rs OH OH H OMe OMe OH H Red
Tricetinidin Tr H OH H OH OH OH OH Red

aN.R: not reported.
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. Materials and methods

3.1. Materials

Five Korean rice cultivars, Dodami (DD), llpummi (IP), Saegoami (SG),
Sintoheukmi (SH), and Geonganghongmi (GH) were acquired fRumal
DevelopmentAd mi ni st r at ii®ync |oofd eKxOtDr,ei%8086 [ufrity),
bicycl odeiCDr,i md nffnum 98.@%cpodiilCP)j Oando o
98.0% purity)werepurchased m SigmaAldrich Co. (St. Louis, MO, USAand
used as a standar@oruzyme® 3. (CGTase,Thermoanaerobactesp.) was
provided from Novo Nordisk A/S (Denmark) to produC®s. Isoamylasdrom
Pseudomonasp. and glucoamylasérom Hormoconis resinaewere purchased
from Megazyme(Wicklow, Ireland. Anthocyanin (AQN) was extracted from
black rice, SH and ABTS2( 2 -&zinobis (3-ethylbenzothiazoling-sulphonic
acid) A1888 was purchased fronsigmaAldrich Co. (St. Louis, MO,USA).
Maltodextrin (MD, Avg. M\W. = 2,160 Da (80 DE)) was obtained from
Samyang Genex Cd@Seoul, South Koreany other reagents were bought from
Junsei Chemical CqTokyo, Japan), Duksan Pure Chemical Co. LkKuhgki,

Korea) and so on.
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3.2.Cyclodextrin (CD) production from various rice cultivars

3.2.1. Isolation of starches from various rice cultivars

Rice starches were isolated from 5 native rice cultivars (DD, IP, SG, SH, and GH,
Korea) by the modifiednethod ofalkaline extraction(Yamamotoet al, 1973).
Rice was washed and steeped in 2 volumes of deionized ata2&C for 3hto
soften the endosperméifter then, the liquor was drained off and the endosperms
were ground in successive small fractions viitd volumes 0f0.2% v/v sodium
hydroxide solution using a blender. The slurry was sequentially passed through 45,
100, and 270 we meshsieves and the final starch suspengiassed through 270
mesh allowed tdoe settlad overnight. The cloudy supernatant was discarded, and
the sediment was diluted to the original volume with sodium hydroxide solution.
The process was repeated until the supernatant becomes clear and gives a negative
reaction to the biuret test for proteftarch was washed three times with distilled
water, and then neutralized byN hydrochloric acid solution. The sedimented
starch was collected and dried at room temperature. The dried starch was ground

using theblender and passed through 108sh.
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3.2.2 Physicochemical properties of rice starches

3.2.21. Moisture content and apparent amylose content

The moisture content was measured in accordance with the AOAC method
(1984).The samples were weightedy2zand measured for 30 min using a moisture

balancgPrecisa HA 300)

The gparentamylosecontent of starch wameasured with iodine colorimetry
method byWilliams et al. (1970) and Juliano et al. (198The 0.1g of starches
were suspended ithe solutioncontaining fnl 99% (v/v) ethanol and ®l 1N
NaOH and leaved at room temperature for 24 h for dispersion. After that diluted
with deionized water wasdded to 100nl. 5 ml of suspension was decanted into
100ml flask and 5aml deionized water andrhl iodine solution were added at the
same time. Finally, the volume was made up torhD@ith deionizedwater. 5ml
of 0.09N NaOH soltion was decanted intanother flask and used as a blank. The
results were measured usinfpe UViVis spectrophotometer (UY650PC,
SHIMADZU Co., Japan) at 620m. These experiments were performed in

triplicates.

3.2.22.Rapid VisceAnalyzer (RVA)

The viscoamylographs of the starches were measured by using a Rapid Visco
Analyzer model RVA4 (RVA) (Nowport Scientific Pty, Ltd., Wariiewood,
Australia) in accordance with the AACC method@2 (1995). The sample starc

3 g and 25ml of distilled water were mixed in the sample canister. Pasting

17



condition was maintained for 1 min at the initial temperatuf€ 3hd then held at
95°C for 4 min. Finally, it was maintained for 4 minutes after the temperature was
cooled to 58C. The RVA pasting parameters of peak viscosity, trough viscosity,
final viscosity, break down (pedkough), setback (finarough), peak time and
pasting temperate were calculated. Viscosity units were marked as Rapid

Viscosity Unit (RVU).

3.2.2.3. High-performance size exclusion chromatography (HPSEC)

1% (w/v) of starcheslissolved in 90%v/v) DMSO were boiled with stirring for
30 minutes and continuously stirred for B4t room temperature. After that, the 5
fold volume of ethanol was added into the starch solutions and centrifugated
(10000x g, 20min) to collect the prcipitated starches. In the same way as above,
3fold volume of acetone was added into the precipitated starches for

centrifugation and then, dried in hood.

The samples were analyzed withPSEC (high performance size exclusion
chromatographyrombined witha refractive index detectoifhe HPSEC system
used running columns (GHak 804, OKB0O6 HQ, Shodex) at room temperature.
The flow rate of mobile phase (pure water) wasrl4nin. The molecular weight

was measured with the pullulans standards.
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3.2.24. High-performance anion exchange chromatography with pulsed

amperometric detection (HPAE®AD)

Distribution of branched amylopectinh@in length was analyzed Hyigh
performance anion exchange chromatogramlhiged amperometric detection
(HPAEGPAD). The sample starches were treated as above HPSEC sample
method.Then, 5mg of powders were dissolved imil of 50mM sodium acetate
(pH 4.5) by boiling for 15min. Isoamylase (LJ/mg) was added in the starch

solutions a0  for 2 h. In order to stop the reaction, the starch solutions were
boiled for 10 min. The samples were filterading 0.45 filter (disposable

membrane, nylon) and irgeed into HPAEC.

HPAEC with a Dionex DX300 (Dionex Cor., Sunnnyvale, CA, USAystem
and pulsed amperometric detector (ED40, Diongs¢d CarboPacTM PA-1
anionexchangecolumn @50 x 4 mm, Dionex, USA) The column was
equilibrated with 150mM NaOH aml the samples were eluted wittaried
gradients o0600mM sodium acetat@a 150mM NaOH at a flow rate of nl/min.
The solvent gradient condition of the analysis of the distribution of brelmaim

length was summarized in Table
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Table 4. HPAEC solvent gradient condition for the chain length distribution of

starches

Time (min) 0O 10 16 27 44 63 70 70.10 75.01 80.01

Buffer A (%) 90 70 60 50 40 35 34 0 100 90

Buffer B (%) 10 30 40 50 60 65 66 100 0 10

a) 150 mM NaOH in water.

b) 600 mMsodium acetate in 150 mM NaOH.
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3.2.25. X-ray diffractometry (XRD)

The degree of crystallinity of rice starch granules were analyzed by powder X
ray diffractometry(XRD, D8 Advance, Bruker AXS GmbH, Karlsruhe, Germany)
following the method of Nar& Komiya (1983).The starch powder samples were
scanned usi rog@E=<IbA086A) at 44k¥ ana BOMA. The scanning

region of the angles @ was from 5°to 35° at a scanning speed of O.0dif1.

3.2.2.6. Differential scanning calorimeter (DSC)

The thermal propertiesf starch samples were measured and recorded on a
differential scanning calorimeter (DSC, Unix DSC 7, Paiimer Co., USA). The
samples(10 mg) were added in the DSC pans as 1:3 staretater ratios with
distilled water(30 €l). The pans were sealed and equilibrated & I2 at room
temperature. The scanning temperature range wa8°@0and the heating rate was
5°C/min. The results were recorded withempty pan as a reference. The onset of
gelatinization To), the peak tempetare (Tp), the gelatinization temperature at
conclusionTe) , and mel tH)wege cacalatdd &dmperdotliegmic peak

by Lund method (1984). All experiments were performed at least three times.
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3.2.27. Scanning electron microscopy (SEM)

Granule morphology wamaged by using scanning electron microscopy (SEM).
The dried starch samples were mounted on circular aluminum boards with-double
side tape and then coated with gold at rB® for 90 sec. Subsequently the
morphology of samplesvas photographed with JSM700F field emission

scanning electron microscopy (FEEM, Helios NanoLab 650).

3.2.3. CD production from various rice cultivars

3.2.31. Assay ofCGTase activity

Cyclization activity of CGTase was determined by the phenolphthalein method
with slightly modification (Kanekecet al, 1987; Mahatet al, 2004).40 mg of
soluble starch was mixed in 1.0 ml of 0.1M sodium phosphate buffer (pH 6.0).
Crude enzyme 0.1 ml was added in soluble starch solutiomaundated at 6@
for 20 min. Reaction was stopped by adding 3.5 ml off8@ NaOH and 0.5 ml of
0.02% (w/v) menolphthalein in 5 mM N&O; solution. Then the reduction of
colour intensity was measured at 550 nm by spectrophotometer. One unit of the
enzyme activity was defined as the amount of enzyme forméngnlo 1 b-CB per

min. Standard curve was plotted WifCD concentration$40-400eg/ml).
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3.2.32. Debranching of rice starch using Pseudomonas isoamylase

In order to optimize the reaction of starch debranching, SG starch was
debranched with isoamylase (EC 3.2.1.68) frBseudomonasp. (Megazyme
International Ireland)At first, the slurry of 1% starch dissolved in sodium acetate
buffer (50mM, pH 4.5) wasoiled for 30 minwith stirringto gelatinize After that,
the gelatinized starch was coolddwn to 40C and incubated wittb U/g of
isoamylase in a&l0°C water bathup to 15h with stirring. In order to stop the
debranching reaction, thenzymetreated amples wereboiled for 10 minand

collected by precipitating with 2@lume of 95% ethanol.

3.2.3.3. Reducing sugar measurement

The reducing sugars wenmeasued by dinitrosalicylic colorimetric DNS)
method (Miller, 1959)to estimate the degree of enzymatic hydroly&ach
Aliquots of the liquid fraction 0.Iml after isoamylase treatment for different
reaction time are place into test tubes and 1ml of DNS reagent was addeglpfi0.6
DNS, 19.8g of sodiumhydroxide, 306g of Rochelle salts (sodium potassium
tartrate), 7.6mL of phenol crystals melted at 50°C, and &3of sodium
metabisulfite were dissolved in 14186L of distilled water. To start theeaction,
the mixture was boiled for Bin ard the reaction rapidly stopped by transferring it
to ice. After 15min, the mixture was left to room temperature fomi. The
absorbance of the mixture was measured at 575 nm usingVislVv

spectrophotometdlJV-1650PC, SHIMADZU co., Japan). The amountaxfucing
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sugar was indicated as the average concentration of the three replicas calibrated by

the standard curve.

3.2.34. Optimization of CGTase and glucoamylase treatment

SGstarch (1% wi/v) was suspended in 50mM sodium acetate buffet.§)rnd
debranchedwith 5 U/g of isoamylase at 40 for 8h with the same method
described in the section 3.3.4.2. The debranched starch (1% wi/v) was dissolved in
90% (v/v) DMSO and boiled foB0 min. After that, 100mM sodium acetate buffer
(pH 6) was added and CGTase (10\2§) were treated. The reaction mixture was
incubated at 6C up to 24h. The enzyme reaction was terminated by heating the
samples at 10C for 20 min. In order to purifyand obtain the yield of CDs with
HPAEGPAD, glucoamylase fronilormoconis resinaavas used. The pH of the
CGTasdreated samples was adjusted to pH 4.5 by adding 1N aceticTéed.
resulting solution was incubated with &ldg of glucoamylase up to 2#at40°C.

At the end of the reaction, the enzyme of samples was inactivated by heating at

100°C for 15 min.
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3.2.35. Quantification of CDs by HPAEGPAD

The yield of produced CDs waslculated through the peak areas using the same
device and column described in the sectidh234. Several programs of solvent
gradient were examined and the most suitable program to sepzatevas

summarized in Tablb.

The standard curve @Ds wasfitted using the peak areas of puite b-, a-nd 9
CDs. The pure CDs & w/v) were dissolved in distilled water and serial diluted up
to 1.563x10?%. The standard curve had a linear range of 1.563"%01® 2.5 x

10%%.

Table 5. HPAEC solvent gradient condition for taealysis of the chain length

distribution of CDs

Time (min) 0 10 16 27 27.01 32 32.01 42
Buffer A® (%) 90 70 60 50 0 0 90 90
Buffer B (%) 10 30 40 50 100 100 10 10

a) 150 mM NaOH in water.

b) 600 mMsodium acetate in 150 mM NaOH.
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3.2.3.6. Matrix assisted laser desorption ionizatigime of flight mass

spectrometry (MALDITOF MS)

Themolecular mass gfroduced CD was determined using a MAEDDF MS
(VoyagefM-DE, Perceptive Biosystem, Framingham, USA). The sample was
mixed with a matrix (2,8lihydroxybenzoic acid, 0:2 } s ) / and the
was spread on the probe tip added until homogeneous crystals formddhe
sample on the probe tip was desorbmuzed under the appropriate conditions
(Grid voltage, 87; Grid wire voltage, 0.3; Delayed extraction, 300nsec; and Laser,
2000). According to the assumption that a molacweight is 162 g/glucose unit,
theoretical masses of CD were calculated frogH(gs), and n is the number of
D-glucose unit. The masses of noytlic glucans were calculated as 162n plus

18Da, which is the additional mass of a reducing end residueuidoit al., 1999).
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3.3 Interaction between anthocyanin and CD produced from
high amylose rice starch

3.3.1 Extraction of ACN from black rice

ACN was extracted from black rice, SH with modified method of Hou et al., (2013). SH
was ground using a blender and storee?@C. SH powder (5g) was weighed and
extracted with 60% v/v aqueous ethanol containing 0.2% v/v hydrogen chloride -of solid
liquid ratio (1:10) for 90min ab0°C, 100rpm. After then, the extracted solution was
centrifuged for 15min with 4,000 rpm and the supernatant vieedi(0.45¢ m por e

size).The filttered ACN solution was used as lyophilized powder form to remove ethanol.

3.3.2 ABTS Antioxidant activity assay

ABTS assaywas used to evaluate the antioxidant abilityA@N according to pH
and CD concentratior.here were some methods to determine antioxidant activity
(Table6), but each method has its own advantages and disadvanYagest (al,

2007. In this study, ABTSmethod was chosen by its advantages of fast reaction
and stability to pH, while DPPH method commonly used to measure antioxidant

activity is sensitive to pH (Tabl® and its reaction time is slow.

7.4 mM ABTS and 2.6 mM Potassium persulphate were mixeldand allowed
to stand in a dark place for 24 h to form ABTS cations. After diluting ABTS

solution with distilled water at 73dm with absorbance of 0.7 degree, 20 o f
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samplesand989L of dil ut ed

20 min was measured its absorbance atns4

ABTS soluti on

The antioxidant activity was calculated as the absorbance of the ABTS solution

reduced by ACN versus the absorbance of the diluted ABTS solution in % unit (Eq.

2).

Eq. 2. Calculation of antioxidant activity

Antioxidant activity (%) = (AblankAsample) / Ablank x 100

Table 6. Methods taletermineantioxidant activityin vitro (Yoo et al, 2007)

Method Advantages Disadvantages
ABTS Applicable to both aqueous and organic  Very sensitive with temperature and
phase, fasteaction light
Using standard as vitamin C, hence can t Extra step to thermally generate free
expressed on a weight basis as natural  radical fromABTS salt
source
Not standardized, hence hard to compi
Stable to pH hence can be used to study values across laboratories
effect on activity
DPPH Simple to use and inexpensive Dissolved in organic solvents
Reaching steady state quickly Sensitive pH and slow reaction
Good repeatability Color interference causing
underestimation of antioxidant activity
ORAC To uses biologically relevant free radicals Using standard as Trolox, hence cannc
be expressed on a weight
To integrate both degree and time of
antioxidant reactionbasis as natural sourc
Various free radical generators can be us
FRAP Being expressed in ascorbic acid Oxygen electrode, which may not

equivalents

Easy and inexpensive

maintain stable during measurement

SH-group containing antioxidant are nc
detected
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Table 7. The absorbance of DPPH solution as different pH levels.

pH 1.85 2.90 4.15 5.09 6.00 6.54

Abs. 0.49+0.03 0.57+0.03 0.58+0.03 0.59+0.02 0.59+0.01 0.62+0.01

3.3.3 Interaction of ACN with CD
3.3.31. Production of CD

1% (w/v) of DD starch was debranched with same methods as the section
3.2.32. The 5%(w/v) of debranched DD starch was suspended inMB®0sodium
acetate buffer (pH 6) and boiled for 80n to gelatinize. After that, CGTase-%b
U/g) was added and incubated at@®@ip to 24h. The enzyme was inactivated by
heating the samples at £Q0for 20 min. In order to purify and obtain the yield of
CDs with HPAEC, Iml of CGTasdreated sample wadiluted with 49ml of 50
mM sodium acetate buffer (pH 4.5) and Q% of glucoamylase frorllormoconis
resinaewas treated for 6h at 4D. At the end of the reaction, the enzyme of
samples was inactivated by heating at®@fdr 15 min. The CD mixture from DD

starch (DDCD) was lyophilized to use as powder.
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3.3.32. Fading effect of ACN with CD

In order to confirm the effect of pH and CD with ACN, the color change of ACN
was investigated with slight modification as described by Fernandes et al. (2013).
0.2% (w/v) of ACN, lyophilized powder of extracted solution, was dissolved in universal
buffer adjusted pH & and filtered with 0.4%5m pore sized filter. After then, the ACN
solution was stirred with-CD at an approximate volume ratio of the 1:0, 0.5, and 20 for 2
h in dark place and the spectrum of the samples was measured s UV

spectrophotmeter (UM1650PC, SHIMADZU co., Japan).

3.3.4 Analysis of stability of ACN with CD

3.3.41. Thermal stability

Thermal stability of ACN was measured as a degradation of antioxidant activity
with ABTS assay reported at secti@3.2. 0.2% (w/v) of ACN powder was
dissolved inuniversal buffer adjusted pH&and filttered with 0.48m pore sized filter. 0
- 4% (wiv) of b-CD, DD-CD, and MD were dissolved in distilled water and left under
stirring with the 0.2% of ACN solution, respectively at volume ratio of 1:1 for&4oom
temperature in dark place. After B4aliquots of 50@I of the samples were placed into
Eppendorf tubes with brown color and heated up th a492C using heat block (BF

20HB, Biofree, Korea).
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3.3.42. Photo-stability

The complexes of ACN with-CD, DD-CD, and MD were prepared as same methods
of section3.3.4.1 Aliquots of 1ml of the complexes were placed intor@lvial and UVB
irradiated. UVB irradiation was conducted in {dklamber40x 35 cn) with 8 W UVB

lamp (&ankyo Denki Co. Ltd.JapanG8T5E) up to 2.

3.3.43. Degradation rate constant gk and halflife (ti.)

The degradation rate constafit) and halflife (ti2) were determined using
thermal andphotostability experiments. Thdegradationrate constant ¢x was
obtained by usind=q. 3(1) of simple firstorder kinetics icrosoft Exce) and
half-life (ti2) by calculatingeqg. 3(2). Where C;is the ABTS radical scavenging
activity of ACN (%) remaining in solution at time t (ho is the initial ABTS

radical scavenging activity of ACN (t=0) akdis the rate of degradation constants

().

Eq. 3. Formula of the degradation rate constag} &ad halflife (t1) of ACN.

(1)  Ci=Ceetd

(2) o= In2/kd
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3.3.5 Statistical analysis

All data were performed duplicate of triplicate ardorded as mean * standard
deviation. For statistical analysis,theem&ay ANOVA test foll owed
posthoctests were performed using SPSS statistical software (SPSS version 23.0;
SPSS Inc., Chicago, IL). In order to indicate a statistically significant result, a

value <0.05 was considered.
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. Results and discussions

4.1. CD production from various rice cultivars

4.1.1. Physicochemical properties ofice starches

4.11.1.Moisture content and appareramylosecontent

Moisture content of rice starches was reported13.80% and Dodami (DD)
was indicated the highest moisture content (13.00%). Apparayibse content
was determined by considering moisture con(@able8). The amoylose content
of Saegoami (SG) wa81.26:34.00% almost same as 33-37.1% (Mira et al.,
2013). llpummi (IP), Sintoheukmi (SH), and Geonganghongmi (GH) were also
similar asprevious study(Lee et al, 2013). DD was indicated to have higher
apparenamylosecontent (66.768.89%) than previous report (42.8%) of National

Institute of Crop Science in 26.

Table 8. Moisture content and apparemylose content of rice starches.

Apparent amylosecontent (%)

Rice Starch Moisture content (%)
Williams & method Juliano& method
DD 13.00 68.89+1.35 66.76+0.08
P 10.84 23.40+0.38 20.69+0.26
SG 7.50 31.26+0.90 34.00+0.35
SH 9.00 21.61+1.40 18.38+1.06
GH 8.50 23.92+0.02 21.78+1.01
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4.1.12. Pasting properties by RVA

Pasting properties of rice starches were analyzed by RVA. Viscogram and
pasting viscosity indexvere respectively reported in Fig8 and Table9. DD
showed significantly lower characteristics of past viscosity and peak viscosity
(73.67cP) compared to other cultivar&s swelling of the starctwas caused by
amylopectin andinhibited by amylose DD with the highestamylose content
exhibited the lowest peak viscosity because the swellings the most strongly
inhibited thanthe other cultvars.In the case of gsting temperature, whidk the
starting temperature of swellinBD also showedhe highestvalue because it da
the highstamylose content (DD > SG > GH > #PSH). Trough viscosity among
different ricestarches ranged frod@i7.13to 141.8 cP, the lowest foDD and the
highest forGH. Breakdown, setback, and final viscosity were indicated low values
when the amylose contews high.Break down of DD was 29.96 cP and that of
SG was 40.96, whereas the others above 100 cP. Setlhaektix@ recovery of the
viscosity during cooling of the heated starch suspension, was 51.21 cP at DD and
the others showed a lower value in the order okS&H < SH< IP. Final viscosity
value was higher than the other values may be because of theadiggrey the
amylose moleculedMiles et al, 1985a,b).Final viscosity of DD was 88.34 cP and

the others above 200 cP.
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T T
800 1000

100

r 90

- 80

- 70

r 60

r 50

E 40

- 30

20

- 10

1200

dway

Amylose Viscosity(cP)
Rice Pasting
content
starch Temp. (°C) Peak Trough Breakdown Setback Final
(%)
DD 66.76 91.08 73.67 37.13 29.96 51.21 88.34
IP 20.69 67.68 290.3 1256 161.8 101.0 226.5
SG 34.00 70.88 1718 129.5 40.96 72.38 2019
SH 18.38 69.13 286.5 1392 134.1 96.05 235.2
GH 21.78 69.18 2495 1418 1036 91.08 2329
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4.11.3.Molecular weight distribution curve by HPSEC

The molecular weight distributioturves of the rice starobswereshown in Fig.
4. Large peak eluted between-38 minrepresentamylopectin andhat of 30-50
min representsamylose. M with the highest content of amylose exhibitidw

largest peak area.
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Fig. 4. The molecular weight distribution curve of rice starches.
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4.1.1.4.Distribution of branched amylopectin chain lengthy HPAEGPAD

HPAEC chromatogram of the chains of debranchedce starcheswere
displayed in Fig.5, and the distribution of branched amylopectin chain length
(degree of polymerization, DRyas showed in Fig.6 and Tablel0. Amylopectin
branch chains are classified by the DP range with the following chain types: A
chains (DP €L2), B1 chains (DP 124), B2 chains (DP 236), and B3+ chains

(DP O37) (Hanashiro, 1996).

DPs of the branched chains afl starchesvere rangingrom DP6 to DP60. In
the case of 8, GH and P were not showed difference withe distributionof the
branched amylopectin chain length.was indicaied that SG haslightly higher
cont ent «lhain 84 %)ttharoothér cultivars, but the lowesitent of

B3+ chain (6.81%)DD had the lowest content 6fA™ chain (20.31%), while the

contents ofB1, B2 and B3+ chain were shown significantly higher than other
cultivars. Takeda et al. (1989) reported that rice varieties with high amylose
content aranore distributed in the B chain with long chain length than those with
low amylose contentyhich is consistentvith the result oDD with high amylose

contentin this study
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Fig. 5. HPAEC analysis of rice starches: (a) Ob) IP, (c) SG, (d) SH, and (§H.
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Fig. 6. Distribution of branched amylopectin chain length of rice starches

Table 10. Distribution of degree of polymerization of rice starches

Distribution (%)

Rice starch
A(DP6-12)  BL1(DP1324) B2(DP2536) B3+ ( DP(
Db 17.27 50.91 13.31 18.50
P 28.74 47.71 12.24 11.30
SG 28.85 46.44 13.36 11.35
SH 27.96 47.09 12.91 12.04
GH 27.06 47.36 13.15 12.43
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4.11.5.Crystallinity of granulesby XRD

The Xray spectrumof Dst ar ch was of the O6B0&6 type r
starches and the other four starches; | P,
pattern of cereal starches with three main peaks at,1b/18° and 2223° of 2d
(Fig. 7). Crystalline regionswere formed due to sequential packing of double
helices(Sarko & Wu, 1978)that were formed between the flexibl#\é chains of
amylopectin (Kainuma & French, 1972) while amylose molecules foed
amorphous regions in the starch struct@heethan® Tao, 1998) Therefore, the
low X-ray intensity pattern (B type) of D starchwas probably due to its high

moisture and amylose content, but lamylopectin content.
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4.1.1.6.Thermal properties by DSC

Onset temperature I and peak temperature T of DD starch were
significantly higher thanhe other starches (TablEl). Gelatinization temperature
by DSCwasreported to be affected by the molecular structure of amylopectin and
the branched amylopectin chains that W& less than or equal to .IDheywere
known to lower the gelatinization temperature becalusgreducel the stability of
the starch crystallinity within the double helix structure. It seethat DD showed
hi gh gelatinization temper-Bjoiamglopécencause 6.

and pasting temperaturedha negative correlation.

The gelatinized tarches were stored 4fC for a week and measured thermal
properties of the retrograded starch&nthalpy changeof DD and % was
respectively 3.20/g and 1.14/g which was proportional to content of amylose.
The retrograded starches were hardly indicated endothermic curve on a DSC

thermogram.

42



Table 11. Thermal properties of gelatinized and retrograded rice starches

Rice starch To(°C) Tp(°C) oH( J/

DD 64.92+ 0.32 73.79£0.32 9.31+0.16

IP 57.07+£0.31 62.26+0.31 9.03+0.23

Gelatinization SG 57.30+0.07 62.32+0.07 9.17+0.38
SH 57.99+0.29 63.2+0.29 9.05+0.40

GH 58.05+ 0.32 63.22+0.32 8.93+0.60

DD 40.73+0.22 56.97+0.75 3.20+£0.25

IP 41.56+ 0.97 48.08+ 1.14 0.62+0.09

Retrogradation SG 39.65+ 0.86 46.95+ 0.21 1.14+0.10
SH 42.33+0.39 49.76+ 1.13 0.51+£0.08

GH 41.58+1.02 49.80+0.92 0.67+0.05
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4.1.1.7.Granule morphologyby SEM

The granudr morphology ofrice starches from differemice cultivars showed
considerable variation in size and shape as viewed by SHMzH, SG and P
starcheshowed polygon forms and the surfadgranule was smootnd angular
shapeDD starch showed smooth and almost spherical shape which is different

shapewith other starches (Fi@.).

Fig. 8. Granuhr morphology of rice starchdsy SEM (x 200Q: (a) SH, (b) GH(c)
DD, (d) SGand (e) IP
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4.12.CD production from various rice cultivars

4.1.2.1.Reducing sugars formed fromrice starchafter debranching

The reducing sugars of all debranched starches (DD, IP, SG, SH, GH) were
rapidly increased for initial 6 h with isoamylase treatman*C and gradually
reached a plateau (Fig). Therefore, theptimization of debranching time is 8 h

that the highest quantity of reducing sugars formed

The apparent amylose content was gradually increased when treatment time of
isoamylase increased because lingdr,4-glucan which can be a complex with
iodine moe cul e was f or me@brareh of starch wasiclt oy U
isoamylase. Hydrolysis was continued until 8 h after isoamylase treatment, but
longer treatment time decreased the apparent amylose content or reached a plateau.
This is because if the enzymedtment time is over 8 h, a little change occurs.
This result was consistent with the result of reducing sugars formed after

debranching (Tabl&2).
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Fig. 9. Reducing sugars of debranched rice starches treatedsodimlase

Table 12. The apparent amylose content of rice starches as the reaction time of

isoamylase
Debranching Apparent amylose content (%)
time (h) DD IP SG SH GH
0 50.94+1.90 20.71+0.45 32.69+0.15 17.56+0.18 21.35+1.00
2 61.76+1.02 42.44+3.81 48.93+2.11 43.53+1.18 47.44+3.26
4 59.96+3.86 56.47+3.17 52.64+2.99 44.36+3.63 45.26+2.72
6 61.45+1.75 59.94+2.09 59.03+0.22 58.65+3.72 59.42+1.54
8 68.72+0.66 60.58+2.63 65.11+1.53 68.53+4.26 64.42+3.17
10 63.41+1.02 58.78+3.72 64.91+1.82 60.26x0.91 60.38+1.09
12 59.70+£0.15 58.21+2.54 61.51+0.66 60.32+2.27 56.47+£3.35
15 57.69+£1.97 57.1242.45 56.97+3.86 56.79+3.63 59.36+£2.54
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4.1.2.2.0ptimization of CGTase and glucoamylase

In order to optimize the condition of producing Cldepranched rice starch (1%
w/v) was treated with 10 and 25U(gat t he enzyme concentrat.i
the dry weight of the starclof CGTase (354. 6% 9.70U/ml) at 60C and10 and
50 U/g of glucoamylase (17@/ml) at 40C under defined time. At first, the
reduchg sugas of the oligosaccharide chains formed by glucoamylase were
measured to know whether CD can be decomposed by glucoamylase or not (data
not s howdbD)was tehtéd with glucoamylag®-25 U/g) to determine the
degree of formation of reducing sugar up to 24 h. The reducing sugar did not
increase until 24 h at all concentratioriadicating that glucoamylase from
Hormoconis resinaeannot hydrolge CD. This result wasonsistent withthe
report by Bender & Hans (1981) that orBacillus polymyxaand a hydrolytic

enzyme oBacillus maceransan decompose the CDs.

After that,the degree of reducing sugar %o CGTase treate8G (10 and 25
U/g, 14h) was measuredsing10 and 50J/g of glucoamylase up to 24(Fig. 10).
SG starch with 1QJ/g of CGTase had relatively low quantity of reducing sugar
thanthe 25 U/g of CGTase treated because the higher the concentration of enzyme,
the faster thecouplingreaction occurred. In the case of W@y of CGTase, there
was no significant difference betweéme 10 U/g and 50U/g of glucoamylase
treatmentbecausehere was not much oligosaccharide initialjyowever, in 25
U/g of CGTase, 50©)/g of glucoamylase fored more reducing sugar than W@y
of glucoamylase after 4, because the activity of the enzyme was further increased
as the enzyme concentration was increastddies on the kinetics of enzymatic
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action have shown in most cases and over certain coatientranges that the
enzymatic activity was related linearly to the concentration of enzyme and
excessively to the concentraiimf substrate (Chancd943). Thus, 50J/g of
glucoamylase was considered to be more suitable thawd@or increasing the
purity of the CD and quantifying through the peak area, hydiodyz

oligosaccharides more than Way.

The reaction time of glucoamylase (8@g) was optimized bydentifying the
decomposition of maltodextrin (MD) ancalculating peak area of CDs using
HPAEGPAD. The standard curve of CDsaso bt ai ned by-, cbmmandi al
2-CD with various concentratiar{Fig. 11). After 6 hof glucoamylase treatment in
the CGTase reaction mixture, mdsbs were decomposed and the samples treated
for 12 h showed similar resul{&ig. 12). Also, it was confirmed that the peak of
the CDs after 6 hveresmaller than that of B. This is because the oligosacchrides
attached to CDs were hydrolyzed by glucoangld$e yield of C3 at 6 h and at
12 h were 72.6 £ 4.6% and 69.0 + 5.9%, respectitelyalmostsame value (data
not shown) As a result, 50U/g of glucoamylase for & was determined as

optimum condition of obtainig the yield of GD

The optimumconcentration of CGTase was also obtained by calculating the
peak aresof CDs treated with 50J/g of glucoamylase for B using HPAEGPAD
(Fig. 13). The CD contemstwererapidly increased during initial B (CGTase 25
U/g) and 4h (CGTase 10/g) and therreached maximum atl6 (CGTase 2%J/g)
and 12h (CGTase 1QJ/g), respectively. After that time, the yield of CDs were
decreased. This result might be related with the inhibition of the CGTase activity
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by produced CDs during the enzyme reaction time (Mdiived al., 2009), and

coupling reactions degraditig or b-CDs (Uitdehaag et al., 1999).

The maximum vyield of CBfrom 1% starchwith 25 U/g CGTase wa36.64+
2.81% almost same a89.38+ 6.51% of 10U/g, so the concentration of CGTase
was determined as 23/g and the reaction time was 6h to reduce the producing
time. This result also similar with 84.6% w/w of Duan et al. (2013) and higher than

67% from soluble starch (Yim et al., 1997) and 47% from raw corn starch (Kim et

al., 1997).
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Fig. 10. Reducing sugars of CGTase (10’\g and 25U/g for 14 h) and
glucoamylase (GA, 1QJ/g and 50U/qg)-treated starches from SG measured to
optimize the condition of glucoamylase.
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