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ABSTRACT

The effects of hypochlorite level, i.e. 0.5; 1 ahdctive chlorine g/100g starch, on the
structure and physicochemical properties of oxilizeaize starch were investigated. The
obtained results show that oxidation degree grewvithpincreasing hypochlorite concentration,
especially, the carboxyl content saw higher in@dhasn the content of carbonyl. SEM images
indicated that surface of oxidized maize starchesewougher than native starch. The surface of
oxidized starches became rougher with increasimpdiylorite level in comparison with native
starch. However, the DSC results illustrated tHadré was no significant difference of
gelatinization temperature between the native Btantl oxidized starches.

Keywords:sodium hypochlorite, maize starch, oxidation,dtarxidized.

1. INTRODUCTION

Starch is a kind of low-costly renewable and bioddgble polymer and has been applied
in academic research and industry for the past deesades. However, native starches was
limited by their low thermal stability, susceptibilto extreme pH conditions, as well as strong
retrogradation rate etc. Chemical modification islassical way to effectively improve the
functionalities of starch and makes it approprfatevarious industrial uses. Oxidation as a form
of chemical modification, involve the introductiah carboxyl and carbonyl functional groups,
by means of subsequent depolymerization of thetst@xidized starch is widely used in many
industries, particularly in applications where filonmation and adhesion properties are desired.
Such starches have established to be whiter imr,cahal have restricted retrogradation [1 - 7].

Oxidized starch is produced by reacting starch waigpecific amount of oxidizing agents
under controlled temperature and pH [2 - 7]. Hygtaxoups, primarily at C-2, C-3, and C-6
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positions, are transformed to carbonyl and/or caybgroups by oxidation [8, 9]. Therefore, the
number of these carboxyl and carbonyl groups dliegd starch indicates the level of oxidation.
Several oxidants have been applied to preparezeddstarch including hydrogen peroxide, air
oxygen, ozone, bromine, chromic acid, permangamatieygen dioxide and hypochlorite. The
oxidant hypochlorite is the most common methodtf@ar production of oxidized starches in an
industrial scale [10 — 12].

Starch modified by oxidizing agent presents chamgés molecular structure resulting in a
raw material with different characteristics. Thacentration of sodium hypochlorite employed
for the oxidation of starch depends on the desitegree of modification. Garrido oxidized
cassava starches with NaClO at three different eanations (0.8, 2.0 and 5.0 %). The results
showed that oxidized starches also exhibit highieceptibility to syneresis, as assessed by the
release of liquid during freezing and thawing. A viscosity analysis showed a decrease in
peak viscosity of the oxidized starches. X-ray rdiffograms showed that the oxidation
influenced the extent of cassava starch relatiystalinity found to lie between 34.4 % (native)
and 39.9 % (2.0 % active chlorine) [10].

The objective of this work was to modify maize stamwith relatively cheap sodium
hypochlorite (0.5, 1.0 and 2.0 %) and evaluatecsedecharacterization of the modified starches
oxidation with desire to extent maize starch agpions to a wider range.

2. EXPERIMENTAL
2.1. Material

Native maize starch was obtained from ASEA-VNPICOdDS Ltd. Company, Thanh
Liet, Thanh Tri, Ha Noi, Vietnam.

Sodium hypochlorite containing approximately 80 eétivee chlorine (w/w) was obtained
from China. Accuracy active chlorine was determibgahemical titration according to method
Garrido et al used [10]. The sodium hypochlorites weoperly diluted and a quote of 10 mL was
transferred to an Erlenmeyer, added of 30 mL ohgsitim iodide (10 %, w/v) and 30 mL of
acetic acid 1:2 (v/v). This solution was titrateitha0.1 M sodium thiosulphate to a light yellow
color, when five drops of a 0.5 % (w/v) starch $iolu were added an the titration followed until
the solution became colorless. Active chlorine enthtvas calculated by using the equation:

Active chlorine = (V x fc x 0.3722)/(Vs x d) x 100953,

where: V is 0.1 M thiosulphate solution volume (mEg is correction factor of the 0.1 M
thiosulphate solution; Vs and d are volume of ga@gle in mL and density of the sample in g/L,
respectively.

All other chemicals used in the study were of atizdy grade.
2.2. Preparation of oxidized starch

Hypochlorite-oxidized maize starch was preparegrasiously described (Fonseca et al.,
[12]) with some modifications. A maize starch saen(200 g dry basis (d.b.)) was suspended in
500 mL of distilled water in a glass reactor of lheated at 46C and subjected to a sodium
hypochlorite treatment. The pH of the starch slumgs adjusted to 7.0 with 0.5 mol equi/L
NaOH and 0.5 mol equi/L HCI. After addition of 1680 buffer solution NsgHPO, + NaH,PO,

(pH = 7), the sodium hypochlorite was added indtagch slurry. After the reaction (300 min),
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the oxidized starch was filtered, washed twice vdistilled water and dried at 4 in the
vacuum in 16 h. The same procedure was appliediffarent active chlorine concentrations
(0.5, 1.0 and 2 g/100 g starch).

2.3. Carbonyl and carboxyl contents

The carbonyl content was determined according # titnimetric method adapted by
Fonseca et al. [12]. A starch sample (2 g) was édoled00 mL of distilled water in a 500-mL
flask. The suspension was gelatinized in a boiirsger bath for 20 min, cooled to 4G, and
adjusted to a pH value of 3.2 with 0.1 mol equi/CIHA hydroxylamine reagent (15 mL) was
then added to the mixture. The flask was stoppanedplaced in a 4% water bath for 4 h with
slow stirring. The excess hydroxylamine was deteediiby rapidly titrating the reaction mixture
to a pH value of 3.2 with standardized 0.1 mol AgHiCI. A blank determination with only the
hydroxylamine reagent was performed in the samensrarThe hydroxylamine reagent was
prepared by first dissolving 25 g of hydroxylamimgdrochloride in 200 mL of 0.5 mol equi/L
NaOH, before the final volume was adjusted to 500 with distilled water. The carbonyl
content was calculated by equation:

(Vb -Vs)x M x 0.028 x 100
w

CO (g/100g) =

where: Vb is the volume of HCI used for the blanik_f, Vs is the volume of HCI required for
the sample (mL), M is the molarity of HCI (equi/aihd W is the sample weight (dry basis) (g).

The carboxyl content of the oxidized starch waemeined according to the method of
Fonseca et al. [12]. Approximately 2 g of a stasemple was mixed with 25 mL of 0.1 mol
equi/L HCI, and the slurry was stirred occasionfdiy30 min with a magnetic stirrer. The slurry
was then vacuum filtered through a 150 mL mediumogity fritted glass funnel and washed
with 400 mL of distilled water. The starch cake wiasen carefully transferred into a 500 mL
beaker, and the volume was adjusted to 300 mL digtilled water. The starch slurry was
heated in a boiling water bath with continuousrisiiy for 15 min to ensure complete
gelatinization. The hot starch dispersion was thdjusted to 450 mL with distilled water and
titrated to a pH value of 8.3 with standardized10r@ol equi/L NaOH. A blank test was
performed with unmodified starch. The carboxyl emitwas calculated by equation:

(Vs — Vb) x M x 0.045 x 100
W

COOH (g/100g) =

where: Vs is the volume of NaOH required for theagke (mL),Vb is the volume of NaOH used
to test the blank (mL), M is the molarity of NaOEqui/L) and W is the sample weight (dry
basis) (g).

2.4. Viscosity of starch paste

The viscosity of starch paste samples were detexnusing a Flow Cup (Elcometer 2353
ISO Viscosity Cup No 4, Elcometer, England) acaogdio ASTM D 5125. The viscosity was
expressed in seconds (s) flow time. Starch sampbdee prepared follow method of Fonseca et
al. [12], the starch weighed directly and distill@dter was added to obtain a starch-water ratio
of 1:20 (w:w). Then the sample heated to°85n 3.5 min, and held at 9& for 2.5 min with
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mechanical stirring on whole process. After thiag $ample was put in cup and determined the
time flow. Measurements were performed three tiamesaverage the values were reported.

2.5. Scanning electron microscopy (SEM)

Morphological properties of native maize starch aridlized maize starch were studied by
using Scanning Electronic Microscope S4800 (Japamjstitute of Materials Science, VAST.
Subsequently, all of the samples were coated vath gnd examined using a scanning electron
microscopy under an acceleration voltage of 15 k& magnification of 5000x.

2.6. Thermal analysis

The gelatinization characteristics of starches vadetermined using a differential scanning
calorimeter (DSC) which mean Labsys Evo (Francdpstitute of Materials Science, VAST.
Starch samples (approximately 2.5 mg, dry basiseweeighed directly in an aluminum pan,
and distilled water was added to obtain a starctesatio of 1:3 (w:w). The sample pans were
then heated in presence of air from 30 to 5@t a rate of 18C/min.

3. RESULTS AND DISCUSSIONS
3.1. Carbonyl and carboxyl contents

Carbonyl, carboxyl contents and oxidation degreedflized maize starches at various
hypochlorite concentrations were illustrated in [€alb. Oxidation with sodium hypochlorite
grew up all of the carbonyl and carboxyl contenhize starches. The carboxyl content saw
higher increase than the content of carbonyl. Thdized maize starch with the highest active
chlorine concentration (2 g/100 g) showed a higlagboxyl and carbonyl content as compared
to other oxidized maize starches (Table 1). Thesgaree of carbonyl and carboxyl groups in
oxidized starches is due to oxidation of the hygitayroups of maize starch molecules to
carbonyl groups and then the carboxyl groups.

Table 1.Carbonyl and carboxyl contents of the oxidizedzaatarches.

Active chlorine Carbonyl content Carboxyl content Sum
(9/100 g starch) (9/100 g) (9/100 g) (CO + COOH)
Native 0.238 - -
0.5 0.294 0.036 0.33
1 0.336 0.086 0.422
2 0.378 0.194 0.572

Several authors studied the oxidation of cassadacammon bean starches with different
concentrations of sodium hypochlorite and repotteat there was a gradual increase in the
carbonyl and carboxyl contents with the increasiogcentration of active chlorine [7, 8, 10, 13]
while other studied showed the significant differem of carboxyl content with various
concentration of active chlorine [12]. Because ltheel of carbonyl and carboxyl depends on
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various factors such as: the source of starch, gpé concentration of oxidants, pH, and
reaction temperature.

3.2. Starch granules morphology

The scanning electron micrographs of the nativeaadized maize starches are presented
in Figure 1.

IMS-NKL x5.00k SE(M) IMS-NKL x3.00k SE(M)

(b)

IMS-NKL x5.00k SE(M) IMS-NKL x5.00k SE(M)

(d)

Figure 1. Scanning electron micrographs of maize starcld)oxidized starches of 0.5 % (b),
1 % (c) and 2 % (d) active chlorine content.

The SEM data show that native maize starch grarhaesirregular or truncated shapes.
Surface of unmodified maize starch granules wasofimwithout observable pores. However,
for the maize starch modified by 0.5 g chlorine/X6tarch, a slightly roughened surface was
observed. Slightly roughened surface due to exmsmm was clearly visible after oxidized
with higher chlorine active concentration. Whendging the effect of the hypochlorite
concentration on the physicochemical propertiesassava starch, the results reported that the
observed rougher granules and the presence ofrdssim oxidized cassava starch [13].
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However, there was no changes in the granule mérgif potato starches modified with
hypochlorite ak 2 % active chlorine levels [12].

3.3. Viscosity

Viscosity of starch paste expressed via flow tirmecond) of native starch and oxidation
starch are shown on Figure 2.
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0 0.5 1 2

Active chlorine content (%)

Flow time (second)
|72 PN
() th

—_
N

Figure 2.Flow time (second) of native starch and oxidattarch.

Overall, the flow time of starch paste through floup reduced when starch was oxidized
at higher level of oxidant. There was no differotv time (second) between native starch and
starch oxidized by lowest oxidant content, 0.5 Be flow time of both samples were 48 s). For
starch oxidized by oxidant content doubled, lexglidif 1 %, the flow time of oxidation starch
paste reached 44 s. If the oxidant continuouslyem®ed, at 2 %, viscosity of oxidation starch
paste reduced to 38 s. Hence, if the oxidant ise@athe carboxyl and carbonyl groups content
grew up but the viscosity of starch paste reduttetheans that the oxidation process not only
transferred hydroxyl group to carbonyl and carboysdups but also, more or less, occurred
polymer chain scission to create the various mdéée@ompounds with different weights.

3.4. Gelatinization

The gelatinization process is characterized by mdoterm obtained by a differential
scanning calorimetry (DSC). The parameters of teatpee at the onset of gelatinization,);T
the temperature at peakpfTand the temperature at the end of gelatinizafighare shown in
Table 2.

The oxidized maize starches with different conedmins of active chlorine had
gelatinization temperatures similar to native stalmowever, the oxidized starch with 1 g/100 g
active chlorine showed higher gelatinization terapgne compared to native starch and to
starches oxidized with the other levels of actiiline (0.5 and 2.0 g/100 g).

The conclusion temperatures.Tof the starches oxidized with 0.5 % and 2.0 %vact
chlorine were insignificantly different from the rcusion temperature of the native starch
(Table 2). Many studies have reported the influesfcexidation on the gelatinization properties
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of starch, but the results are inconclusive andy \wdue to starch origin and modification
conditions [2, 3, 5, 12].

Table 2 Gelatinization characteristics of the native aggdochlorite-oxidized maize starches.

Active chlorine Transition temperature&Q)’

(g/100 g starch) T, Te Te T.-T,
Native 71.05 75.30 81.30 10.25
0.5 69.93 74.35 81.23 11.30
1% 72.68 76.24 82.72 10.04
2% 70.29 75.21 81.14 10.85

Note:" T,, Tp, and T; are the temperatures at the onset, midpoint articérgelatinization, respectively.

Sangseethong et al. [7] found a reduction in tHatiggzation temperatures (To, Tp and Tc)
of cassava oxidized starches when compared toenstiwch, they suggested that the negatively
charged carboxyl groups introduced during sodiumpokilorite oxidation can readily adsorb
water and facilitate hydration, thus weakeningddtagranules and resulting in gelatinization at
lower temperatures. According to Fonseca et al], [fi#2se thermodynamic characteristics of
gelatinization can be largely associated with theakening of the intermolecular bonds
responsible for the crystal structure of amylopeaddue to the incorporation of carboxyl groups
in the starch granules. In addition, the starcmgjies undergo a chemical modification that may
show, on the surface, disturbances such as fractanel pores, which also facilitate the
penetration of water in the granules. Moreover, dkiglation of hypochlorite on maize starch
could create particle products with different molec weights. Variations in the thermal
properties of starches from different sources mage to the granule compaosition which could
be the ratio of amylose/amylopectin, the residimti$ and protein, the molecular structure of
amylopectin, morphology and the distribution ofrekagranules, the products of oxidation
process.

4. CONCLUSION

The oxidation with different concentrations of &etichlorine affected differently the
characteristics of maize starches: (i) The incréasetive chlorine concentration increased the
intensity of oxidation of the maize starches bwueed the viscosity of starch paste. (ii) With
reaction conditions in this article, oxidation akkan starch granules was evident in the form of
superficial surface erosion. (ii)There was no #igant difference of gelatinization
temperatures between the native starch and staoxidized with different concentration active
chlorine.
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TOM TAT

TINH BOT NGO OXI HOA: TiNH CHAT VA SU ANH HUONG PEN MANG PHAN HUY
SINH HOC

. TINH CHAT CUA TINH BOT NGO OXI HOA BANG NATRI HYPOCLORIT

Dao Phi Hung Truong Th Nam, Mac Vian Phdc, Ngu§n Anh Higp,
Trinh Van Thanh, Ngugn Thién Mrong

Vién Ky thudt nhiét déi, Vien H’an lam Khoa bc va Céng ngé Viét Nam,
18 Hoang Quc Viét, Ha Nji, Viét Nam

"Email: dphung@itt.vast.vn

Anh hrong aia ham drong natri clorit, Wi ti 16 0,5; 1; 2 gam clo ht h6a/100 gam tinhdb
dén ciu trdc va tinh cfit hda Ii gia tinh Bt ngd oxy hoata dugc nghién éu. Két qua thu dugc
cho thiy, mic do oxy tinh Bt ngd ting khi ting ham krong natri hypocloritdic bigt, khi ting
ham Lrong cHit oxy héa, hamuong nhém cacboxyling nhanh bn so Wi ham kong nhém
cacbonyl. Anh SEM cho thy hinh thai loc bé mat hat tinh byt ngd oxy hoa gh ghé hon so \6i
tinh bot ngd bandau. Ham trong chit oxy hda t 18 thuan voi do gd ghé bé mit caa tinh bt ngd
oxy héa. Tuy 9y, két qua phan tich DSC cho iy khdng cé s thayddi nhidu vé nhiét d6 hd
héa @a tinh Bt ngd oxy hda sodi tinh bot bandau.

Tu khéa: natri hypoclorit, tinh Bt ngé, oxy hoa, tinhdi oxy hoéa.
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