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ABSTRACT

The effects of hypochlorite level, 1e. 0.5; 1 and 2 active chlorine g/100g starch, on the
structure and physicochemical properties of oxidized maize starch were investigated, The
obtained results show that oxidation degree grew up with tncreasing hypochlorite concenlration,
especially, the carboxyl content saw higher increase than the content of carbonyl. SEM images

oxidized starches became rougher with increasing hypechlortte fevel m comparison with native
starch However, the DSC results lustrated that there was no significant difference of
gelabinization temperature between the native starch and oxidized starches,
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L. INTRODUCTION

Starch is a kind of low-costly renewable and biodegradable polymer and has been applied
in academic research and industry for the past few decades However, natve starches was
limited by their low thermal stabihty. susceptibilizy 1o extreme PH conditions, as well as strong
retrogradation rate etc. Chemical modification s o classieal way to effectively improve the
functionalities of starch and makes 11 appropnate for vanous industrial uses Oxidation as a form
of chemical modification, involve the introduction of carboxyl and <arbonyl funetional groups,
by means of subsequent depolymerization of the starch Oxidized starch js widely used in many
industries, particularly in applications where film formation and adhesion properties are desired.
Such starches have established to be whiter in color, and haye restricted retrogradation [1 - 7.

Oxidized starch is produced by reacting starch with a specific amount of oxidizing agents
under controlled temperature and PH (2 - 7] Hydroxy &roups. primanily at C-2, C-3, and C-6
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iti i onyl and‘or carboxyl groups by oxidation [8. 9). 'I‘herafgre,»thg
Eii:l:::ifir}fe;r:ii:zg:f/]dafdcca:bogyl groups of oxjdized staich indic.atcs the level of Oxl.datlm.]'
Severa] oxidants have been applicd to prepare oxidized starch mcludx_ng hydrogen perw_ude, air
oxygen, ozone, bromine, chromic acid, permanganate, nitrogen @Joxxde andrhypochlonte.l The
oxidant hypochlorite is the most comunon method for the production of oxidized starches in an
industrial scale [10 - 12].

Starch modified by oxidizing agent presents changes n s molcgular structure fesulting ing
raw matcrial with different charactenstics. The concentration of sodium hypochlon_te emglqyed
for the oxidation of starch depends on the desired degree of modification. Garrido oxidized
cassava starches with NaCIO at three different concentrations (0.8, 2.0 and 5.0 %). The results
showed that oxidized starches also exhibit higher susceptibihity to syner;sis, as assessed by tl?e
release of liquid during freezing and thawing. Appnre'n} viscosity analysis showed a decrcasg in
peak viscosity of the oxidized starches. X-ray dlfﬁ?cl()granls showed that the ox1da!mu
1nfluenced the extent of cassava starch relative crystallinity found to lie between 34.4 % (native)
and 39.9 % (2.0 % active chlorine) [10].

The objective of this work was to modify maize starch with relatively cheap sodium
hypachiorite (0.5, 1 0 and 2 0 %) and evaluate selected characterization of the modificd starches
oxidation with desire to extent maize starch applications to a wider range,

2. EXPERIMENTAL
2.1. Material

Native maize starch was obtained from ASEA-VNPICO-FOODS Ltd. Company, Thanh
Liet, Thanh Tri, Ha No1, Vietnam.

Sodhum hypochlorite contaming approximately 80 % active chlorine (w/w) was obtained
from China. Accuracy active chlorine was determined by chemucal titration according to method
Garrido et al used [10]. The sodium hypochlorite was propetly diluted and a quote of 10 mL was
transferred to an Erlenmeyer, added of 30 mL of potassium iodide (10 %, w/v} and 30 mL of
acetic acid 1:2 (v/v). This selution was titrated with 0.1 M sodium thiosulphate (o 4 light yellow
color. when five drops of a 0.5 % (w/v) starch solution were added an the titration followed uatil
the selution became colorless. Active chlorine content was calculated by using the equation:

Active chlorine = (V x fe < 0.3722)/(Vs x d) x 10 x (.953,
where V15 0.1 M thiosulphate solution volume (mL); fo 15 comection factor of the 0.1 M
thiosulphate solution; Vs and d are volume of he sample in mL and density of the sample in g/L.
respectively,

All other chemicals used 1n the study were of analytical grade.
2.2. Preparation of oxidized starch

Hypochlorite-oxidized maize starch was prepared as previously described (Fonseca et al,
[12]) with some nwdificatons A maize starch sample (200 g dry basis {d b.}} was suspended in
500 mL of distilled water in a glass reactor of 1 L, heated at 40 °C and subjected to a sodium
hypechlonte treatment The pH of the starch slurry was adjusted to 7.0 with 0.5 mol equill
NaOH and 0.5 mol equ/L HCl Afier addition of 100 ml baffer solution Na,HPQ, + NaH,P0,
(pH = 7), the sodium hypochlorite was added in the starch slurry. After the reaction (300 min),
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the oxidized starch was filtered, washed twice with distilled water and dne_d at 40 °C in the
vacuum in 16 h. The same procedure was apphed for different active chlorine concentrations
(0.5, 1.0 and 2 /100 g starch).

2.3. Carbonyl and carboxyl contents

The carbonyl content was detesmuned according to the titnmetric method adapted by
Fonseca et al. [12]. A starch sample (2 g} was added to 100 mL of distilled water in a 500-ml
flask. The suspension was gelatinized n a boiling water bath for 20 un, cooled to 40 °C. and
adjusted to a pH value of 3.2 with 0.1 mol equi/L HCL. A hydroxylamune reagent (15 mL) was
then added to the mixture The flask was stoppered and placed in 2 40 °C water bath for 4 h with
slow stirring. The excess hydroxylamine was determined by rapidly titrating the reaction mixture
to a pH value of 3.2 with standardized 0.1 mol equv’l. HCI. A blank determnation with only the
hydroxylamine reagent was performed in the same manner. The hydroxylamine reagent was
prepared by first dissolving 25 g of hydroxylanune hydrochlonde in 100 mL of 0.5 mol equi/L
NaOH, before the final volume was adjusted to S00 mL with distilled water, The carbonyl
content was calculated by equation:

CO (gM100g) — ——

where: Vb 15 the volume of HCl used for the blank (mL), Vs is the volume of HC1 required for
the sample (mL}), M is the melanty of HC] (equ/L) and W s the sample weight (dry basis) (g).

The carboxyl content of the oxidized starch was determined according to the method of
Fonseea et al. [12]. Appraximately 2 g of a starch sample was mixed with 25 mL of 0 [ mol
equi’L HC, and the slurry was stirred occasionally for 30 mm with a magnetic stirrer The slurry
was then vacuum filtered through a 150 mL medium porosity fritted glass funnel and washed
with 400 mL of distilled water, The starch cake was then carefully transferred into a 500 ml.
beaker, and the volume was adjusted to 300 mL with dustilled water, The starch slurry was
heated in a boiling water bath with continuous stimring for 15 min to ensure complete
gelatinization, The hot starch dispersion was then adjusted to 450 1. with distilled water and
titrated to a pH value of 83 with standardized 0 01 mol equ/L NaCH, A blank test was
performed with unmodified starch The carboxyl content was calculated by equation:

s~ Vib) x M x 0.045 x 10
COOH (g/100g) = 5 77)",”7"_4\0

where' Vs is the volume of NaOH required for the sample {mL).Vb is the volume of NaOH used
to test the blank (mL), M 1s the molarity of NaOH {equL) and W 15 the sample weight (dry
basis) (g).

2.4. Viscosity of starch paste

The viscosity of starch paste samples were deterniined usmg a Flow Cup (Elcometer 2353
IS0 Viscosity Cup No 4, Elcometer, England) according to ASTM D 5)25. The viscosity was
expressed in seconds (s) flow time Starch samples were prepared follow method of Fonseca et
al. (12}, the starch weighed directly and distilled waler was added to obtain a starch-water Tatio
of 1:20 (wiw) Then the sample heated to 95 °C i 3.% min, and held at 95 °C for 2.5 min with
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mechanical sturing on whole process. After that, the sample was put in cup and determined the
time flow. Measurements were performed three times and average the values were reported.

2.5. Scanning electran microscopy (SEM)

i i ized maize starch were studied by
Morphological properties of native maize starch and uxlql e
using Scanning Electroni¢ Microscope S4800 (Japan) at Instltule' of Materials Scxepce, VAST.
Subsequently, all of the szmples were coated with gold and clxam{ned vsing a scanning electron
i py under an Jeration voltage of 15 kV at a magnification of 5000x.

2.6. Thermal analysis E

The gelatinization characteristics of starches were determined using a differential sct
calorimeter (DSC) which mean Labsys Evo (France) at Institute of Matenals Science, V.
Starch samples (approximately 2.5 mg, dry basis) were weighed directly in an aluminum pauf
and distilled water was added 1o obtain a starch-water ratio of 1:3 (w:w) The sample pans waié,
then heated 1n presence of air from 30 to 150 °C at a rate of 10 °C/min. E

3. RESULTS AND DISCUSSIONS

3.1. Carbonyl and carboxyl contents

Carbonyl, carboxyl contents and oxidation degree of exidized maize starches at variows
hypachlorite concentrations were illustrated in Table 1. Oxidation with sodium hypochlorite
grew up all of the carbonyl and carboxyl content of maize starches The carboxyl content sgw
higher increase than the content of carbonyl. The oxidized maize starch with the highest active-
chlorine concentration (2 ¢/100 g) showed a higher carboxyl and carbonyl content as compared
to other oxidized maize starches (Table 1). The presence of carbonyl and carboxyl groupiﬁ
oxidized starches is due to oxidation of the hydroxyl groups of maize starch molecules to
carbory| groups and then the carboxyl groups.

Tabie 1. Carbonyl and carboxy) contents of the oxidized maize starches. z.
Active chlonne Carbonyl content Carboxyl content Sum
(/100 g starch} (/100 g) (g/100 g) (CO + CQOH)
Native 0238 - -
0.5 0.294 0.036 033
i 0336 0086 0.422
2 0378 0.194 0572

Several authors studied the ox1dation of cassava and common bean starches with different
concentrations of sodium hypochlorite and reported that there was a gradual mcrease in the
carbonyl and carboxyl contents with the ncreasing concentration of active chlorine [7, 8, 10, 13)
while other studied showed the significant differences of carboxyl content with variois
concentration of active chlorine [12]. Because ¢he level of carbony! and carboxyl depends on

1
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vanous factors such as: the source of starch, type and concentration of oxidants, pH, and
reaction temperature.

3.2, Starch granules morpholoegy

The scanning electron micrographs of the native and oxidized maize starches arc presented
in Figure [

IMI-NKL # Q0K SEM; - '

10.0um

IMIS-NKL x5.00k SE4p1

IMS-NKL x5.00k SE@y

Figure | Scanning electron micrographs of masze starch () and oxidized starches of 0 5 % {b),
[ % {¢) and 2 % (d) active chlorine content

The SEM data show that natve maize starch granules had irregular or tncated shapes
Surface of unmodified marze siarch granules was smooth without observable pores However.
for the maize starch modified by 05 g chlorine/100 g starch, a shightly roughened surfuce was
observed Slightly roughencd surface due to Ex0-corrosion was clearly visible after oxidized
with tigher chlomne active concentration When studying the effect of the hypochlonite
concentration on the physicochemical properties of cassava starch. the results reported that the
observed rougher granules and the presence of fissures in oxidized cassava starch (137
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However, there was no changes w» the granule morphology of potato starches modified with
hypochlerite at < 2 % active chlonne levels [12].

3.3. Viscosity
Viscosity of starch paste expressed via flow time (second) of native starch and oxidation
starch are shown on Figure 2.

60

e (seoonil)

Flow 1im

a 95 1 2
Active chlorine content (%)

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

Overall, the flow time of starch paste through flow cup reduced when starch was oxidized
at higher level of oxidant. There was no different flow time {second) between native starch and
starch oxidized by lowest oxidant content, 0.5 % (the flow time of both samples were 48 s), For
starch oxidized by oxidant content doubled, leveling off I %, the flow time of oxidation starch
paste reached 44 s. If the oxidant continuously increased, at 2 %, viscosity of oxidation starch
paste reduced to 38 5. Hence, if the oxidant increased, the carboxyl and carbonyl groups content
grew up but the viscosity of starch paste reduced. It means that the oxidation Pprocess nat only
transferred hydroxyl group to catbonyl and carboxyl groups but also, more or less, occurred
polymer chain scission to create the various molecular compounds with different weights.

3.4, Gelatinization

The gelatinization process 13 characterized by an endotherm obtaned by a differential
scanning calorimetry (DSC). The Pajameters of temperature at the onset of gelatinization (T,),
?eb;ei;peramre at peak (T,) and the temperature at the end of gelatinization (T.) are shown in

able 2.

The oxidized maize starches with different concentrations of active chlorine had
gel;umzzhon temperatures simular to native starch; however, the oxidized starch with 1 g/lodg
active chlorine showed higher gelatinization temperature compared to native starch and to
starches oxidized with the other levels of active chlorine (0.5 and 2.0 g/100 g).

The conclusion temperatures (T.) of the starches oxidized with 0.5 % and 2.0 % active
chlorne were insignificantly different from the conclusion temperature of the native starch
(Table 2). Many studies have reported the influence of oxidation on the gelatinizatron properties
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of starch, bui the results are inconclusive and vary due to starch ongin and modification
conditions [2, 3, 5, 12].

Table 2. Gelanmzation characteristics of the native and hypochlorite-oxidized marze starches.

Active chiorine Transition [§o)

(/100 g starch) » | T S
Native 1530 | s | w0
s | am 130

%24 | mm 10.04

B2 | sl 1085

Note. T, T, and T, are the femperatures at the onset, midpoint and end of gelatunzanon, respectively

Sangseethong et al [7] found a reduction 1 the gelatinization temperatures (To, Tp and Te}
of cassava oxidized starches when compared to native starch, they suggested that the negatively
charged carboxy) groups mtroduced during sodium hypochlorite oxidation can readily adsorb
water and facilitate hydration, thus weakening starch granules and resulting n gelatimzation at
lower temperatures. According to Fonseca el ail [12]. these thermodynamic characterstics of
gelatinization ¢an be largely associated with the weakening of the itermolecular bonds
responsible for the crystal structure of amylopectin, due to the incorporation of carboxyl groups
in the starch granules. In addition, the starch granules undergo a chemical modification that may
show, on the surface, disturbances such as fractures and pores, which also facilitate the

be the ratio of amylose/amylopectin, the residual lipids and proten, the molecular structure of
amylopectin, morphology and the disteibuton of starch granules, the products of oxidaton
process.

4. CONCLUSION

The oxidation with different concentrations of active chlonne affected differently the
charactenstics of maize starches. (1) The 1ncrease in active chlonne concentration increased the
intensity of oxidation of the maize starches but reduced the VIscosity of starch paste (ii) With
reaction conditions in this article, oxidation attack on starch granules was evident mn the form of
superficial surface erosion (imnThere was no significant  difference of gelatinization
temperatures between the natve starch and starches oxidized with different concentration acuve
chlorne

Acknowledgement. The studies received the supports from Annual Financial Fynd of Vietaam Academy
of Science and Technology.



Dao Phi Hung, Truong Thi Nam. Mac Van Pnuc, Nguyen Anh Hiep, T. V. Thanh, N. Thien VM

REFERENCES

<. Khahl. Anis Shobirin Meor Hussin - Modified Smrches an.d Their

GS:;:SIEAEEIS:C}:Q };‘ooK; Products. A Review Study, Journal of Agricultural Science 2

(2010) 90-100. ) !

2. Nathan Levien Vanier. Elessandra da Rosa Zavareze, V@nla Zamei]? Pinto, Bruna l.(]em*

’ Fabiana Torma Botelho, Alvaro Renato Guerra D{as‘ Mcamr_ Cardosa Elias -
Physicochemical. crystallinity. pasting ar}d morphologlyal properties »of bean starch
oxidised by dfferent concentrations of sodium hypochlorite, Food Chemistry 131 (2012)
1255-1262.

3. Huw-Tin Chan, Chiu Peng Leh, Rajeev Bhat, Chandra Senan, Peter A Williams, Aljas A
Karim - Molecular structure, rheological and thermal charactenstics of ozone-oxidized
starch, Food Chemistry 126 {2011) 1019-1024.

4. Yunia Veronica Garcia-Tejeda, Carlos Lépez-Gonzdlez, Juan Pablo Pérez-Orozco,
Rodelfo Renddn-Villalobos, Alfredo Jiménez-Pérez, Emmanuel Flores-Hincachea, Javier
Solorza-Feria, C. Andrea Bastida - Physicochemical and mechanical properties of
extruded laminates from native and oxidized banana starch during storage, LWT - Food
Science and Technology 54 (2013) 447-455,

5 Aisha A.A. Soliman, Nabila A El-Shinnawy, Fardous Mobarak -Thermal behaviour of
starch and oxidized starch, Thermechimica Acta 296 (1997) 149-153.

6. Yu-Rong Zhang. Xiu-L1 Wang, Gue-Ming Zhao, Yu-Zhong Wang - Influence of oxidized
starch on the properties of thermoplastic starch, Carbohydrate Polymers 96 (2013)
358-364.

' Kuvnruedee S h Niti Termvejsayanon, Kl g Sriroth ~ Characterization of
physicochemical properties of hypachlorite- and peroxide-oxidized cassava starches,
Carbohydrate Palymers 82 (2010) 446453,

8  Ya-Jane Wang, Linfeng Wang - Physicochemical properties of common and waxy corn
starches oxidized by different levels of sodium hypochlorite, Carbohydrate Polymers 52
(2003) 207-217

9. Outo B. Wurzburg - Mod fied starches: properties and uses, CRC Press Inc., 1986.

10. Lica Helena Gamido, Egon Schnitzler, Manogla Estefinea Boff Zortéa, Thais de Souza
Rocha, Ivo Mottin Demate - Physicochernical properties of cassava starch owidized by
sodium hypochlorite, Journal of Food Seience and Technology 51 (2014) pp. 2640-2647.

11, Chong W T., Uthumporn U., Karim A.A , Cheng L.H. -The influence of ultrasound on the
degree of oxidation of hypochlerite-oxidized corn starch, LWT - Food Science and
Technology 50 (2013) 439443

12. Laura Martins Fonseca, Julia Rosa Gongalves, Shanise Lisie Mello El Halal, V*ania
Zanella Pinto, Alvaro Renato Guerra Dias, Andressa Carohina Jacques, Elessandra da
Rosa Zav‘an:ze - Oxidation of potato starch with different sodium  hypachlorite
concentrations and 1ts effect on biodegradable films, LWT - Food Science and
Technology 60 (2015) 714-720.

13. Nguyen Thanh Tung, Nguyen Van Khoi, Nguyen Quang Huy, Nguyen Kim Hung, Thai
Hoang - Characterization of tapioca starch oxidized by sodivm hypochlorite, Vietnam
Journal of Chemistry 47 (2009) 393-396,

354




Oxidized maize starch- charactenzation and its effect on the biodegradable films

TOM TAT

TINH BOT NGO OX1 HOA: TINH CHAT VA SU ANH HUONG BEN MANG PHAN HUY
SINH HOC

L TINI CHAT CUA TINH BOT NGO OXI HOA BANG NATRI HYPOCLORIT

Pao Ph Hl‘m" , Truong Thy Nam, Mac Vin Phic. NOuyen Anh Higp,
Trinh Vin Thaah, Nguyén Thién Vuong

ién K¥ thudt nbuér din, Vien Han ldm Khoa koc vd Cong nghé Viét Nam.
1% Hodang Quéc Viér, Ha N6i, Viét Nam
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Anh huong cua ham lvomg natr clorm, ven u 18015, 1. 2 gam clo hoat héa' 100 gam tinh bt
dén cAu tric va tinh chit haa Ii cua tnh bot ngd oxy héa da duge aghién ciru. Két qua thu duoc
cho thiy, mec a6 oxy tnh bét ngd tang khi ting him lueng natr hypoclont, dac bigr, ki ting
ham luqrng chét oxy hoa, ham lugng nhém cacboxyl tdng nhanh hom so véi ham lugng nhém
cacbonyl. Anh SEM cho thiy hinh thai hoe bé mit hat tnh bt ngo oxy héa ghé ghé hom so v
tinh bét ngd ban diu, Ham luong chit oxy héa 11 i¢ thudn vén 46 6 ghé bé mat cua tinh bjt ngd
oxy héa. Tuy viy. két qua phin dch DSC cho thay khong c6 su thay dér nhidu v nhiét do hé
héa cua tinh bét ngo oxy hna 50 VGt ink bdt ban diu.

Tir khoa: natry hypeclont, unh bat ngd. oxy hoa. tinh bét eay hoa
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