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ABSTRACT

The oxidization of starch was carried out by remgtstarch with a specific amount of
hypochlorite, i.e. 0.5; 1 and 2 g active chlori®®1g starch, under controlled temperature and
pH. The effects of hypochlorite level on functiogabups and film’'s solubility of maize starch
were investigated. For IR spectrum of oxidized dtathere was a little difference of spectra
shape while intensity of some characteristic vibret showed changes in comparison with
native starch IR spectra. To specify, the vibratbrd760 cr of oxidized starch corresponding
to carbonyl group indicated an increase of intgnaihile the intensity of absorptions at 3424
cm® (hydroxyl group) and 1640 c¢h(intra-molecular hydrogen bond) illustrating onidized
starch IR spectrum experienced a slight decreasemparison with native starch IR spectrum.
The solubility of native starch and oxidized indezh that there was, up to a point, a little
scission chain in oxidation process if modifyingineastarch by sodium hypochlorite at low
concentration< 2 % active chlorine). In addition, the oxidizedirgastarch film experienced a
lower solubility than the film of native starch.dan be explained that the oxidation process,
more or less, changed the interaction between amyhoolecules as well as the strong intra-
molecular bonds due to the appearance of carbaayhoxyl and thus reducing the water
absorbance of oxidized starch films.
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1. INTRODUCTION

Starch is a kind of low cost, renewable and biodégble polymer and has been applied in
academic research and industry for the past fevad#=c However, native starches are limited
by their low thermal stability, susceptibility taxteeme pH conditions, as well as strong
retrogradation rate, etc. Chemical modification islassical way to effectively improve the
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functionalities of starch and make it appropriatevarious industrial uses. Oxidation as a form
of chemical modification, involves the introductiohcarboxyl and carbonyl functional groups,
by means of subsequent depolymerization of thetsta@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 im,cahal have restricted retrogradation [1 - 7].

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

Starch modified by oxidizing agent presents chainmyés molecular structure resulting in a
raw material with different characteristics. Thencentration of sodium hypochlorite employed
for the oxidation of starch depends on the desitegltee of modification. Garrido et al. [10]
oxidized cassava starches with NaClO at threerdifteconcentrations (0.8, 2.0 and 5.0 %). The
results showed that oxidized starches also exhibitigher susceptibility to syneresis, as
assessed by the release of liquid during freezmd) thawing. Apparent viscosity analysis
showed a decrease in viscosity peak of the oxidstaathes. X-ray diffractograms indicated that
the oxidation process significantly influenced thkative crystallinity of cassava starch oxidized
by various NaCIlO concentrations. The starch retatiwystallinity was found to lie between
34.4 % (native) and 39.9 % (2.0 % active chlorine).

The objective of our work is to modify maize starelith relatively cheap sodium
hypochlorite (0.5, 1.0 and 2.0 %) and to evaluaiected characterization of the modified
starches oxidation with desire to extend maizechtapplications to a wider range. In the
previous paper, we presented results of effecodiusn hypochlorite on the oxidation degree,
starch granules morphology as well as gelatininatbaracterization [13]. This article would
continuously present the infrared spectroscopylslity of maize starch oxidized and starch
film solubility.

2. MATERIALSAND METHODS
2.1. Materials

The native maize starch was obtained from ASEA-\®P4FOODS Ltd. Company,
Thanh Liet, Thanh Tri, Ha Noi, Vietnam.

Sodium hypochlorite containing approximately 80 etivee chlorine (w/w) was obtained
from China. Accuracy of active chlorine was deteradai by chemical titration according to the
method used by Garrido et al. [10]. The sodium leparite was properly diluted and a quote of
10 mL was transferred to an Erlenmeyer, adding0ofm8 of potassium iodide (10 %, w/v) and
30 mL of acetic acid 1:2 (v/v). This solution watsatted with 0.1 M sodium thiosulphate to a
light yellow color, when five drops of a 0.5 % (W/starch solution were added, the titration
following until the solution became colorless. Aetichlorine content was calculated by using
the equation: Active chlorine = (V x fc x 0.3722)4(x d) x 10 x 0.953,

396



Oxidized maize starch: characterization and its effect on the biodegradable films

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

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

Hypochlorite-oxidized maize starch was prepareprasiously described by Fonseca et al.
[12] with some modifications. A maize starch sam{@@0 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 168 buffer solution NgHPO, + NaH,PO,
(pH = 7), the sodium hypochlorite was added indtagch slurry. After the reaction (300 min),
the oxidized starch was filtered, washed twice wvdistilled water and dried at 4 in the
vacuum for 16 h. The same procedure was appliediffarent active chlorine concentrations
(0.5, 1.0 and 2 ¢/100 g starch).

2.3. Solubility of oxidized starch

The solubility of maize starch was determined a&vipusly described by Fonseca et al.
[12] Samples (1 g each) were mixed with 50 mL Hesti water in centrifuge tubes. These
suspensions were heated af@auring 30 min. The gelatinized sample was cotdeaimbience
temperature and then centrifuged at 4500 rpm fomit© The supernatant was dried at 110
until the constant weight was archived, so that dbkible fraction could be quantified. The
solubility was expressed as the g/100 g of theddsadid weight based on the dry sample weight.
The solubility was calculated by equation:

Solubility = (weight of dissolve solid in supernatfweight of starch sample in dry basis) x 100.
2.4. Fourier transformsinfrared (FTIR) spectroscopy

FT-IR spectra of different modified starches wereorded on a Fourier transform infrared
spectrometer (Nicole Nexus 670, USA) at InstituteTrropical Technology, VAST, with 4 ¢
of resolution. The transmittance spectra were nredsin a range of wavenumber from 4000 to
400 cm' using KBr pellets which were made from homogenmisture of KBr powder and
fabricated at the same thickness. The starch sangfl&/50 weight ratio were kept at 40
during 48 h in vacuum oven to remove absorbed viegfare the test.

2.5. Starch film solubility water

Films of maize starches were prepared followingRbaseca method [12]. Starch samples
were mixed with distilled water as rate 4.0 andg$arch/100 mL water. Glycerol was used as
a plasticizer with weight ratio of glycerol/starst8/10. The film-forming suspension was heated
with stirring at 90°C during 5 min. After that, the film forming solati was poured on stainless
steel and dried at 5 during 48 h in the vacuum oven. Then, the filnswtabilized at 25C
during 24 h.

The solubility of the starch films was calculatesl the g/100 g of solubilized film dry
matter after immersion for 24 h in water at @5 Film discs (diameter of 2 cm) were cut,
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weighed, immersed in 50 mL of distilled water. Tdmount of dry matter in the initial and final
samples was determined by drying the samples atQ@ar 24 h.

Solubility of starch film = (weight of initial sanhgs — weight of final samples)/(weight of
initial samples) x 100.

3. RESULTS AND DISCUSSIONS

3.1. Infrared spectr oscopy

The infrared spectroscopy is sensitive to monitorcfional groups changes as well as
structural changes on starch macromolecules, imduchelicoidal chain conformation,
crystallinity, retrogradation and water contenteTihfrared spectra of native starches (potato,
wheat, regular or waxy corn) present various batius:band in the region 2900-3000tm
correspond to C-H stretching, that in 1160 - 1160 és relevant to C-O and C—C stretching
with some contribution of the C-OH stretching, wéaes that in 1077 — 928 émegionreflects
the asymmetric deformation of C-OH and £#0,14,15].

IR spectra of native maize starch and maize staxitized by sodium hydrochloride at
2 % of active chloride are displayed on Figure 1.

=
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Figure 1. IR spectra of native (a) and maize starch oxidizgdy sodium hypochlorite
at 2/100 of active chlorine/starch weight ratio

As can be seen from Fig. 1, there is a little diffece between the graphs of native maize
starch (a) and maize starch oxidized by sodium tiglooite at 2 % active chlorine (b), except
for the appearance of stronger absorption intersify760 crit corresponding to carbonyl group
vibration. The vibration of carbonyl group usuaillystrates strong intensity. However, for the
maize’s IR spectra, the vibration of carbonyl grallystrated a small peak on IR spectrum of
maize starch oxidized while this absorption on lectrum of native starch was just a tiny peak.
It was explained that the carbonyl group contens wary low (As the result of chemical
titration, total carbonyl contents were of 0.238 @572 g/100 g starch for native and oxidized
maize starch, respectively [13]). The IR spectraensuitable with the chemical titration results
which investigated that there was a carbonyl aoeati the oxidation of maize process.
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In addition, absorption at 1640 &nfcorresponding to the intra-molecular hydrogendjon
and vibration at 3424 cin(corresponding to hydroxyl) [13] had a little @ifent shape as well as
intensity. In native maize starch, peaks at 3424 B840 crit were sharper in comparison with
those in oxidized maize starch. The optical dgnsitOH and intra-molecular hydrogen bond
are presented on Table 1.

Table 1. Optical density of functional group of native staand oxidized starch.

No Peak Native starch Oxidized starch
1 | 3424 crit (hydroxyl group) 1.49 1.35
2 1640 crit (intra-molecular hydrogen bond) 0.43 0.34

It means that the amount of hydroxyl group andaimiolecular hydrogen bond reduced
significantly in the oxidized maize starch. In thadation of maize starch process by sodium
chlorine, hydroxyl group was oxidized to producebcayl and carboxyl groups. Consequently,
intensity of peak at 3424 ¢tras well as amount of intra-molecular hydrogen bondtarch
oxidized reduced. Moreover, for oxidized starchsfiectra, there is an appearance of a shoulder
around 3200 cihwhich is assigned to the OH group of COOH andaulsker around 2900 ¢
supposedly assigned to the C-H group of aldehydepgr

Hence, it is not exaggerating to say that the didaprocess had occurred when
modifying maize starch by sodium chlorine. It me#ret there was a conversion to produce the
carbonyl and carboxyl group in the oxidation praces

3.2. Solubility of maize oxidized

Solubility of native and oxidized maize starch displayed on Figure 2. As can be seen
from Figure 2, there is a little difference of dality between native starch and oxidized starch
with low active chlorine ratio (at 0.5 and 1 g/1§@tarch), reaching at approximately 8 %. The
solubility of oxidized starch at highest active arimie level (at 2 g/100 g starch) showed the
highest degree, levelling off 10.51 %.

According to literature reports, the oxidation @¢érsh has an insignificant effect on the
solubility of starch. The study on modifying cortargeh by acid and oxidant carried by O.S.
Lawala et al. [16] showed that the oxidation did affect to the solubility of corn starch. There is
no difference among the samples. Fonseca et dl.il[a&rated the similar results when they
studied the effect of sodium hypochlorite concdittraon potato starch oxidation. While some
other authors showed that the solubility of oxidiztarch illustrated higher solubility increase in
comparison with native starch. Liu et al. [14] sopgd that the oxidation of starch raised solubility
of oxidized starch because of producing hydropHiliectional groups (especially carboxyl). In
addition, the chain scission might be occurredhendxidation process to produce lower molecular
weight and thus rising solubility level of oxidizetarch.

As can be seen from Fig. 2, there was no subskaizange of solubility of native starch
and starch oxidized by low active chlorine leveé.(i0.5 and 1 %). As the chemical titration
results [13], the carbonyl contents of native $tamod starch oxidized at low active chlorine
level, i.e. 0.5 and 1 %, were 0.238; 0.294 and®@3200 g starch, respectively. In addition, the
carboxyl groups were small, levelling off at 0.0&a&d 0.086 g/100 g starch for starch oxidized
by 0.5 and 1 % active chlorine, respectively. h && seen that although carboxyl and carbonyl
groups were produced, it was too small to affeltlslity of starch. Moreover, there was a little
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difference of viscosity between native and oxidiztarches [13]. It means that the oxidation
reaction scission, to some extent, occurred inBggmitly to produce low molecular weight.
Therefore, the solubility of starches was not diéfé between native starch and starches
oxidized by low active chlorine degrees.
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Figure 2. The solubility of native and oxidized maize staathifferent active chlorine levels.

Nevertheless, the carbonyl and carboxyl groupstartrincreased if the content of oxidant
rose. Maize starch oxidized by 2 % active chlorimed the highest carboxyl degree, at
0.194 g/100 g starch. The carboxyl content in stasadized by 2 % active chlorine was triple
that in starch oxidized by 1 % active chlorine. €auently, the solubility of oxidized starch
grew. However, in comparison with solubility of ethmaize starches oxidized by different
active chlorine degrees, solubility of starch ozétl by 2 % active chlorine was higher by a
small marginal. The solubility and viscosity of retaes exhibited no significant change when
increasing active chlorine degree. Hence, it wagjg&rating to say that the oxidation reaction
of maize starch by sodium hypochlorite at studiedcentrations not only transferred hydroxyl
group to carbonyl and carboxyl groups, but migebahake the polymer chain scission to create
various molecular compounds with different weights.

3.3. Maize starch film solubility

The dissolution of a hydrophilic polymer involvesngtration or diffusion of water inside
and the swelling due to rupture of polymer chaind gelaxation. Therefore, the low dissolution
rate of the films shows a high cohesion of the iatr

During 24 h immersion in water, all of maize stafitithn samples maintained their integrity.
The solubility of starch films in water is shown dable 2.

As can be seen from Table 2, when increasing staotent, the amount of soluble weight
of film in water rose. The films prepared from axed starch had a lower water solubility
compared to native starch. Solubility of maize dtafilms, which was prepared from maize
starch oxidized by 2 % active chlorine, experientieel highest level in the all of samples.
Outstandingly, solubility of starch oxidized by 2 &étive chlorine showed the highest value
while the film based on this starch had the loweadtie. It can be explained that the reduction in
water solubility of the films of oxidized maize sthes can be attributed to the increase of the
interactions between the amylose molecules, as allthe strong intra-molecular bonds
promoted by the oxidation of the starch, which e=guthe capacity of the film to absorb water
[12].

400



Oxidized maize starch: characterization and its effect on the biodegradable films

Table 2. The solubility of film based on starch oxidized diifferent active chlorine levels.

Sarch weight (g)/100 Lo
No Samples based starch ml distilled water Solubility (%)
. 4 27.28
1 Native starch
5 28.10.
5 Starch oxidized by 0.5g active] 4 25.27
chlorine/100 g starch 5 26.85
3 Starch oxidized by 1g active 4 19.97
chlorine/100 g starch 5 20.63
4 Starch oxidized by 2 g active 4 19.05
chlorine/100 g starch 5 19.78

4. CONCLUSION

The oxidation process is occurred if maize staedcted with sodium hypochlorite. The
difference of structure and functional groups bemveative starch and oxidized starch were
investigated by infrared spectroscopy. The vibrat 1750 cm (corresponding to carbonyl
group) of oxidized starch spectra has a highensitg than that of native starch spectroscopy.
The oxidation has an insignificant change of sditybof starch if the maize starch is oxidized
with content of oxidant leveling off 1 % and lowé#rthe oxidant content is higher than 1 %, the
oxidation has, more or less, scission chain toterdéhe low molecules weight and thus
increasing the solubility of starch. However, tlabonyl and carboxyl producing changes the
interaction between amylose molecules as well assttong intra-molecular bonds due to the
appearance of carboxyl and thus reducing the waisorbance of starch oxidized films. As
results, the oxidized starch film exhibits a lowelubility than native starch.
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