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1 Introduction
In the modern food industry, starch presents the main 
component of several food formulations, and it possesses 
important functional properties and high nutritional value.1 
It is employed as a modifier of viscosity, adhesion, texture, 
and gelling agent.2,3 However, it presents some imperfec-
tions, such as lack of fluidity, excessive viscosity, cohesive 
or rubbery texture (especially that derived from waxy 
maize), low shear, thermal resistance and high tendency 
towards retrogradation, which restrict its use in certain 
food applications.4 

To overcome these limitations, some modification tech-
niques have been developed in order to improve its prop-
erties, such as solubility, texture adhesion, heat capacity 
and tolerance, and shearing force, so as to be suitable for 
specific industrial applications.5,6 These modifications also 
change its characteristics by limiting the retrogradation, 
and reducing the gelatinisation temperature. As a result, 
the use of modified starch improves the uniformity, stabili-
ty, and texture of various foodstuffs.7,8 One of these meth-
ods is chemical modification, which has been applied for 
the production of modified starch by treating native starch 
with octenyl succinic anhydride (OSA) to improve its func-
tional characteristics. This modification was first patented 
by Caldwell and Wurzburg.9 Since then, OSA starch is used 
in many branches of food industry, with a wide range of 
rheological and functional properties.10–13

Several researchers worked on the synthesis and proper-
ties of these macromolecules. Guo et al.14 demonstrated 

that native potato starch could be modified by OSA with 
different degrees of substitution (DS). They found that the 
physiochemical properties of the modified polymer had 
improved. Therefore, the degree of substitution (DS) seems 
to be the principal factor responsible for various properties 
of the modified starch. For food applications, the values of 
DS ranged from 0.01 to 0.03.15 Huang et al.16 reported that 
the smallest chemical modification of the starches has sig-
nificant consequences on their functional properties. Han 
et al.17 investigated the relationship between the molecular 
structure and emulsifying properties of OSA starches with a 
wide range of architectures. Zhao et al.13 studied the struc-
tural characterisation, and interfacial properties of three 
OSA starches with different multi-scale molecular struc-
tures. They observed that the DS influenced the interfacial 
properties of OSA starch. Liu et al.18 studied the distribu-
tion of octenyl succinate groups in waxy maize starch gran-
ules. They suggested that the octenyl succinate groups are 
probably distributed heterogeneously in the amorphous 
regions throughout the whole granule. Other research-
ers have been interested in the rheological and thermal 
properties of OSA starch. Ezzeroug et al.19 evaluated the 
properties of OSA starch using rheology and DLS. From 
thermo-rheological analysis, they demonstrated the pres-
ence of a thermosensitive behaviour in tangled solutions of 
OSA starch. These findings were confirmed by the results 
reported by Punia et al.20 in their study on the effectiveness 
of heat-treated OSA-modified mungbean starches. Recent-
ly, Wen et al.21 investigated the changes of pasting, gel tex-
ture, and rheological properties of modified waxy maize 
and five small granule starches. They found that their prop-
erties changed differentially among OSA starches. On the 
other hand, Kurdziel et al.22 evaluated the effect of thermal 
treatment on structural and physicochemical properties of 
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samples differing in content of octenyl succinate groups. 
They showed that OSA addition changed their physico-
chemical properties and influenced the course of physical 
modifications.

Although there are many studies on the physicochemical, 
rheological, and thermal properties of different sources 
of OSA starch, there are few works reported in the liter-
ature on their morphological organization combined with 
the structural and thermal properties. Therefore, the aim 
of this work was to carry out a fine characterisation of 
the chemical structure, morphology, and thermal proper-
ties of a commercial of OSA-modified starch, specifically 
Gel ‘N’ Melt™, which is currently used in the recent food 
formulations. Titration method was employed to deter-
mine the DS of modified waxy maize starch. The physico-
chemical and structural properties were determined using 
Fourier transform infrared spectroscopy, electronic scan-
ning microscopy, molecular weight, X-ray diffraction, and 
proton nuclear magnetic resonance. Thermal properties 
were then deduced from differential scanning calorimetry 
and thermogravimetric analyses. The results obtained were 
compared with those of native waxy maize starch.

2 Materials and methods
2.1 Materials

OSA-modified waxy maize starch (Gel ‘N’ Melt™) was 
purchased from Ingredion (Manchester, UK). Waxy maize 
starch was purchased from IronMaxx (GmbH, Germany). 
The grade of both the commercial OSA-modified starch 
and waxy maize (WM) starch is for food and pharmaceu-
tical uses. Chemical and reagents used were of analytical 
grade and commercially available. Sodium and potassium 
hydroxides were supplied by Fluka Chemika (USA) while 
ethanol, sulfuric acid, hydrochloric acid, isopropanol, ace-
tic acid and dimethylsulfoxide (DMSO-d6) were analytical 
reagents purchased from Sigma-Aldrich (Germany). Ul-
tra-pure water was used for solution preparation.

2.2 Methods

2.2.1 Preparation of stock solutions

Stock solution was prepared by dissolving 10 g of modified 
starch in 100 ml of ultra-pure water at 65 °C under agi-
tation during 30 min, and then diluted to obtain desired 
concentrations. The pH of prepared solutions was found 
equal to 5.94.

2.2.2 Fourier transform infrared spectroscopy

Chemical structures of native and modified starches were 
qualitatively analysed using Fourier transform infrared 
(FTIR) spectroscopy (Bruker, Germany). The evidence of 
esterification will be verified by the presence of peaks 
showing the shift of the hydroxyl group to the carbonyl of 
ester group. Native and OSA starches were dried at 105 °C 

for 12 h before analysis to avoid the interference from wa-
ter. Samples were prepared by grinding the finely pow-
dered starch with KBr, and scanned over a wave number 
range from 400 to 4000 cm−1.

2.2.3 1H-NMR spectroscopy

Proton nuclear magnetic resonance (1H-NMR) was utilised 
to quantify the chemical structure of modified OSA maizy 
waize starch. 1H-NMR spectra was recorded on an INO-
VA-400 spectrometer (Varian, Palo Alto, CA, USA) operat-
ing at 400 MHz using DMSO-d6 as solvent. A quantity of 
0.2 g of OSA starch sample was dissolved in 1 ml of DM-
SO-d6 at 30 °C for NMR experiment. The chemical shifts 
were reported in ppm.

2.2.4 X-ray diffraction

The crystallinity of OSA starch was identified by an X-ray 
diffractometer (D8 Advance, Bruker axs, Germany), oper-
ated at 40 mA and 40 kV, using a wavelength of 0.1542 nm 
monochromatic Cu-Kα radiation. The scanning scope of 
the diffraction angle (2θ) was varied from 2 to 80° at 0.05° 
step size with a count time of 3 s. The modified starch 
samples were equilibrated at 40 °C for 24 h prior to the 
analysis.

2.2.5 Scanning electron microscopy

The morphology of the granules of OSA-modified starch 
and gelatinised OSA-modified starch was examined using 
a scanning electron microscopy (Jeol JSM-6400, Japan). Be-
fore testing, the samples were fixed onto metallic sample 
holders with conducting silver glue, and then sputtered 
with a layer of gold. The tension of acceleration of the 
electrons used was 5 kV, and detector-sample outdistances 
varied between 9 and 14 mm.

2.2.6 Degree of substitution 

The degree of substitution (DS) is the average number 
of hydroxyl groups substituted per glucose unit. The DS 
of OSA starch was determined by titration as previously 
reported by Nilsson et al.23 OSA starch sample (5 g, dry 
weight) was weighed and dispersed by stirring for 30 min 
in 2.5 M HCl diluted in isopropanol (25 ml). Then, 100 ml 
of 90 % (v/v) aqueous isopropyl alcohol solution was add-
ed, and the slurry stirred for an additional 10 min. The 
suspension was filtered through a glass filter, and the res-
idue washed with 90 % isopropyl alcohol solution until 
no Cl− could be detected any longer (using 0.1 M AgNO3 
solution). The starch was re-dispersed in 300 ml of distilled 
water, and then the dispersion was heated up in a boiling 
water-bath for 20 min with stirring. The starch solution was 
titrated with 0.1 M standard NaOH solution using phe-
nolphthalein as an indicator. A blank was simultaneously 
titrated with native starch as a control. The DS was calcu-
lated using Eq. (1).24
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V is the titration volume of NaOH solution (ml), M is the 
molarity of NaOH solution, and W is the dry weight (g) of 
the OSA starch.

For comparison, the DS was also deduced from the results 
of 1H-NMR spectra using Eq. (2).25 
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3

I
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Imethyl is the integrated signal of the NMR peak from methyl 
group, and Ianomeric proton is the integrated signal of the NMR 
peak from anomeric proton.

2.2.7 Viscosity-average molecular weight

The intrinsic viscosity of a macromolecule depends on 
its molecular mass, structure, and polymer-solvent inter-
actions. Measurements of intrinsic viscosity, expressed in 
ml g−1, are carried out by preparing solutions with various 
concentrations in the DMSO solvent.

Specific viscosity (ηsp = (t – t0)/t0) and reduced viscosity 
(ηred = ηsp/c) were calculated by the determination of three 
parameters: time of flow of solution (t), time of flow of solvent 
(t0) measured in the viscometer, and solution concentration 
(C) in mg ml−1. The intrinsic viscosity was obtained by extrap-
olation of ηsp/c to zero concentration, according to Eq. (3).

(3)

An Ubbelohde capillary viscometer (Fungilab), thermostat-
ically controlled at 25.0 ± 0.1 °C, was used to measure 
the intrinsic viscosity (η) of samples at about 5.0 mg ml−1 
dissolved in DMSO. The average viscometric molecular 
weight (Mw) was estimated using Eq. (4), which gives the 
relation between η and Mw.

η = K ∙ Mw
α (4)

K and α are constants that depend on the system poly-
mer-solvent and temperature. In our case, K = 51.8 ∙ 10−3 
and α = 0.51.26

2.2.8 Thermal analyses

Thermal analyses were realised using both differential scan-
ning calorimetry (DSC) and thermogravimetric analysis 
(TGA), according to the method proposed by Krueger et al.27

DSC analysis was carried out using a DSC model (SDT 
Q600 V20.9 Build 20, TA Instruments). An amount of 
three mg of polymer was accurately weighed in an alu-
minium pan, and distilled water was added (1 : 3, w/w dry 
basis: water). The pans were placed in closed stainless steel 

DSC pans, and heated from 25 to 700 °C with a heating 
and cooling rate of 10 and 5 °C min−1, respectively, in a 
nitrogen atmosphere with N2 filled at 100 ml min−1. The 
pans were hermetically sealed and allowed to stand for 2 h 
at room temperature before analysis. Gelatinisation tem-
perature was determined by automatically computing ge-
latinisation onset temperature (To), peak temperature (Tp), 
conclusion temperature (Tc), and gelatinisation enthalpy 
(∆Hgel) from the endothermic thermograms on the basis of 
dry matter of the sample. The gelatinisation temperature 
range (R) was calculated as 2(Tp–To).28 The glass transition 
temperature (Tg) is taken as the inflection point of the in-
crement of special heat capacity and as the peak value of 
the endothermic process in the DSC curves.

TGA is a technique where a loss weight of sample can be 
measured as a function of time or temperature. In this 
study, OSA-modified starch was analysed by a thermo-
gravimetric analyser (SDT Q600 V20.9 Build 20, TA Instru-
ments). Sample was heated from 25 to 700 °C using open 
alumina crucibles.

3 Results and discussion
3.1 Molecular structures of native and 

OSA-modified waxy maize starches 

FTIR spectra of native and OSA-modified starches are 
shown in Fig. 1. Both biopolymers have similar profiles. 
In the fingerprint region, there are several discernible ab-
sorbencies at 1148, 1078, 994, and 930 cm−1, which were 
attributed to C−O band stretching.29 The characteristic 
peaks at 3330 cm−1 are the hydroxyl groups (O−H), and 
peaks at 2975, 2927, and 2892 cm−1 are characteristic of 
C−H stretching vibration of the glucose unit, respectively. 
The absorption at 1641 cm−1 is due to residual bound wa-
ter. In comparison with native starch (Fig. 1, case(a)), two 
new absorption bands at 1740, 1693, and 1576.9 cm−1 
appeared in OSA-modified starch (Fig. 1, case (b)). The 
band occurring at 1740 and 1693 cm−1 is related to C=O 
stretching vibration of an ester and carboxylate groups.30 
The peak at 1576.9 cm−1 was assigned to an asymmetric 
stretch of vibration of a carboxyl group.31 
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Fig. 1 – Fourier transform infrared spectra of: (a) native starch, 
(b) OSA-modified starch
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In addition, the fine chemical structure of OSA-modified 
starch (DS = 0.049) was investigated using NMR spec-
troscopy. The obtained spectra presented as plots of sig-
nal intensities are shown in Fig. 2. The results obtained 
by 1H-NMR are in agreement with those found by the ti-
tration method. According to the literature,34 the hydroxyl 
protons appear between 3.68 and 5.6 ppm. The peak ob-
served at 0.85 ppm (a) was assigned to the methyl protons, 
and it was used to measure the presence of the octenyl 
succinate group. The signals observed between 1.28 and 
1.35 ppm (b, c, d) were from the methylene protons of 
the side chains of the group OS. The signal at 1.95 ppm 
(i) was from the methylene protons of the octenyl succi-
nate group. The peaks at 2.33 and 2.62 ppm came from 
the methylene protons, and the signal at 2.68 ppm was 
from succinic anhydride (e, h). The peak at 5.10 ppm was 
from the starch equatorial proton. There was a multiplet 
at 5.54 ppm, and a shoulder with multiple peaks around 
5.40 ppm. It had a byte with 5.82 ppm, and a shoulder 
with several peaks around 5.72 ppm that came from the 
protons of the double bond in the octenyl succinate group. 
The results of 1H-NMR and FTIR confirmed the structure of 
the OSA-modified waxy maize starch (DS = 0.049). 

3.2 Crystalline structure

In order to study the effect of OSA modification on the 
crystalline structure, native starch, OSA-modified starch, 

and OSA-modified gelatinised starch (temperature of ge-
latinisation of 65 °C) were examined by powder X-ray dif-
fraction analysis. Majority of the peaks (Fig. 3) were in the 
range of 14°–24°, indicating that the modification of waxy 
maize starch with OSA had no significant effect on the 
crystallinity of both starches under study.
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Fig. 3 also indicated that both studied starches showed 
typical A-type diffraction pattern with strong reflection at 
15, 17, 18, 19, 22, and 23°. The intensity of peaks at the 
2θ values of 15°, 17°, 18°, and 19° were strong, whereas 
the peaks at the 2θ values of 22° and 23° had low intensi-
ty, which was characteristic of A-type crystalline structure. 
This result suggested that esterification and the tempera-
ture of gelatinisation (Tg = 65 °C) had not changed the 
crystalline pattern of samples up to DS = 0.049, although 
the granules of OSA-modified starches had been damaged 
to some extent by the modification processes. These re-
sults are in agreement with those obtained by Wang and 
Wang,32 who indicated that the esterification occurred pri-
marily in the amorphous regions, and did not change the 
crystalline pattern of starches in lower DS. However, this 
was checked by analysis in diffraction of X-rays that the 
crystalline types of waxy maize native starch, OSA-modi-
fied starch and gelatinised starch were preserved.

3.3 Molecular weight

Intrinsic viscosity describes an average molecular state of 
the sample. It is a sensitive indicator of the de-polymeri-
sation of the macromolecules. Thus, all reduction in this 
parameter translated a decrease in average molecular 
mass.32 The intrinsic viscosity of a polymer solution can 
be influenced by the behaviour of modified starch gran-
ules during the flow, depending on their shape and size, 
including the structural distribution of amylose and am-
ylopectin.1 The intrinsic viscosity value of modified OSA 
starch was 54.80 ml g−1 (DStitration = 0.05). This result was 
regarded as suitable compared to those found for other 
modified starch sources, such as corn starch and oxalate 
starch half-ester, where the intrinsic viscosities were about 
56.06 ml g−1 (DS = 0.08), 41.34 ml g−1 (DS = 0.4) and 
22.56 ml g−1 (DS = 0.87), respectively.33 The estimat-
ed molecular weight of modified starch of waxy maize 
source (DS = 0.049) showed a somewhat higher Mw 
(0.847 ∙ 106 g mol−1). This result was regarded as higher 
than those found for other modified starch sources such as 
corn starch and oxalate starch half-ester, where the Mw was 
about 1.06 ∙ 105 g mol−1 (DS = 0.08), 0.71 ∙ 105 g mol−1 
(DS = 0.40), and 0.32 ∙ 105 g mol−1 (DS = 0.87), respec-
tively, and 8.60 ∙ 106 g mol−1 (DS = 0.021) for OSA-mod-
ified starch.34 These results demonstrated the existence 
of a relationship between the DS and Mw of the polymer. 
Therefore, an increase in Mw of OSA-modified starch was 
correlated with a decrease in DS. The reason may have 
been that the modification caused rupturing of some or all 
of the modified starch molecules.33 Moreover, a certain de-
gree of depolymerisation, which must have occurred dur-
ing the substitution process, might also have contributed to 
the variation (reduction) in Mw.

It arises from the results of 1H-NMR and titration meth-
od, that the values of DS do not differ significantly  
( =1H-NMR
DS 0.049) from one another (DStitration = 0.050). 
All things considered, the DS is strongly influenced by 
the conditions of esterification and the botanical origin of 
starch.34 OSA is adapted for the starch of waxy maize be-

cause it confers a DS of 0.052, where standards require a 
DS lower than 0.2 for starches intended for a food use.15 
Generally, a commercial modified starch has a DS ranging 
between 0.01 and 0.05.1

3.4 Morphological properties 

The diversity of size of the starch granules is an important 
criterion for industry;35 it predicts a certain diversity of 
industrial applications for the OSA-modified waxy maize 
starch, in particular in food industry. The SEM micrographs 
of samples are presented in Figs. 4 and 5, respectively. The 
obtained images revealed a population of particles made 
up of starch granules with large and small sizes. The small 
round grains have diameters of the order of μm, and mainly 
the form of polyhedric grains approximately 10–20 μm in 
diameter. Certain grains present a central cavity of regular 
form. These differences observed are related to the botani-
cal origin and the species used. In addition, a depression of 
the polyhedric grains was observed, which occurred on the 
level of their faces. This depression is probably accentuat-
ed in the drying of structures during gelatinisation, which 
could be compared to a fusion on the surface of the granule 
of OSA-modified starch.

Fig. 4 – SEM micrographs of OSA-modified waxy maize starch

According to Herrera-Gómez et al.,36 the regular form is spe-
cific to the non-gelatinised granules while the irregular form 
indicates that the granules are gelatinised. Indeed, the heat-
ing effect (Fig. 5) causes a morphological modification of 
samples. On the other hand, the coexistence of individual 
particles with aggregate ones was observed, supported by the 
extent of the fusion of the grains during heating. These ag-
gregates are made of particle clusters. The predominance 
of agglomerated particles of various sizes completely 
fragmented with less significant cavities was also observed.
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Fig. 5 – SEM micrographs of OSA-modified waxy maize gelati-
nised starch (Tg = 65 °C)

3.5 Thermal properties

DSC was used to determine the thermal parameters, such 
as the temperature of vitreous transition, which is described 
as a specific point. It is characterised by critical tempera-
tures such as the yield temperature (T0), which corresponds 
to the initial temperature of gelatinisation, peak tempera-
ture (Tp), which is the optimal temperature to obtain the 
yield possible gel, and the temperature of end of gelatinisa-
tion (Tc), as well as the heat flow of gelatinisation of the bi-
opolymer. The thermal behaviour of OSA-modified starch 
reveals two endothermic peaks (Fig. 6). Initially, the slightly 
hydrated amorphous phase would destabilize a part of the 
crystalline system, causing the cooperative fusion of some 
crystallites. 
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The first endothermic peak at 45.03 °C is due to the evap-
oration of water related to the macromolecular chains of 

the biopolymer. The gelatinisation temperature (Tg) is the 
temperature at which the forces binding of amylose and 
amylopectin are slackened to allow molecular movements 
on a large scale.37 This behaviour depends on the botanical 
species and possibly on the genotype (waxy corn, normal 
corn, corn rich in amylose). According to the literature, the 
Tg of the native waxy maize starch is evaluated at 285 °C.40 
Gelatinisation onset (To), peak (Tp), and final (Tf) tempera-
tures were found equal to 101.16, 102.30, and 114.82 °C, 
respectively, for OSA-modified starch granules. The heat 
flow for the sample was 0.3011 W g−1. The gelatinisation 
temperature range (R) was 2.28 °C for a DS value of 0.050. 
The values of the heat flow and gelatinisation transition 
temperature correspond to the energy provided to dissolve 
the samples and to achieve gelatinisation. This means that 
the high transition temperatures are related to the high de-
gree of crystallinity, which creates structural stability and 
makes the granule more resistant to gelatinisation.1

The carboxyl group repulsion effect also helped OSA 
starch to swell at lower temperature. Consequently, the 
OSA effect on the gelatinisation temperature of starch is 
dependent on the starch base and the value of DS. The 
gelatinisation enthalpy also decreases as the DS increases, 
indicating that modified starch granules require less energy 
to melt.34 The second endothermic peak observed in DSC 
profile corresponded to the decomposition of the polysac-
charide, which was accompanied by a release of heat at 
292.42 °C. The gelatinisation properties differed from one 
type of sample to another. This may have been due to sev-
eral factors, such as starch granule shape and size, mineral 
composition, and molecular architecture of the crystalline 
region of starch.

TGA and DTGA curves of OSA-modified starch sample 
(DS = 0.049) are shown in Fig. 7. The TGA curves of the 
studied polymer showed three typical stages of weight loss. 
The first phase ranging from 36.02 to 126.67 °C was at-
tributed to the dehydration, with a weight loss of 8.32 % 
corresponding to a small endothermic peak in the DTGA 
curve for each sample, followed by a light thermal stability 
until 186.23 °C. After stability, two phases of weight loss 
were observed. The second phase corresponded to the 
decomposition (decarboxylation) of the organic matter in 
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temperature ranges between 186.23 and 400.62 °C, with 
a maximum rate of mass loss of 65.16 %, corresponding 
to a length endothermic peak in the DTGA curve. The 
third phase of loss weight that exceeded 400.62 °C led to 
the formation of final residue of 0.8936 mg with 12.56 % 
weight loss. These results reveal the thermal characteristics 
of OSA-modified waxy maize starch. According to the tem-
perature interval of degradation obtained for other sources 
of starch, the main phase of decomposition is between 290 
and 350 °C.1 The results obtained by TGA-DTGA agree 
well with those obtained by DSC. 

The improvement in the thermal stability induced leads 
to a reduction in the mobility of the chains thus leading to 
the increase in Tg. According to the literature,38 the Tg at 
low temperatures can be allotted to the poor phase of the 
polymer, and the Tg at high temperatures can be allotted to 
the rich phase, constituted mainly of amylopectin.

4 Conclusion
Relations between the structural parameters, morpholog-
ical, and thermal properties of OSA waxy maize starch 
were investigated. From FTIR and 1H-NMR analyses, no-
ticed was the presence of new absorption band groups, 
indicating that the signal intensities are lower as the DS 
is lower. In addition, the results of 1H-NMR were in ac-
cordance with those deduced from the titration method. 
The values of Mw were found in accordance with those 
obtained for other sources of starch and for the same value 
of DS. X-ray diffraction and SEM analyses revealed a loss 
of crystalline structure, which is characteristic of polymers 
with lower DS. The coexistence of individual and aggre-
gate particles was also observed, supported by the extent 
of the fusion of the grains during heating. These results 
were corroborated by thermal analyses, which showed a 
total loss of crystallinity of the heated grains. These findings 
can be considered as paramount elements to adapt in the 
polymer compositions for industrial uses.

ACKNOWLEDGEMENTS 

Pr Boutoumi from the University of Blida (Algeria) is grate-
fully acknowledged for his helpful suggestions in chemical 
analysis.

References
Literatura

  1. M. Boukhelkhal, N. Moulai-Mostefa, Physicochemical char-
acterization of starch isolated from soft acorns of holmoak 
(Quercus ilex subsp. ballota (Desf.) Samp.) grown in Algeria, 
Food Meas. Charact. 11 (2017) 1995–2005, doi: https://doi.
org/10.1007/s11694-017-9582-6.

  2. S. C. Alcazar-Alay, M. A. A. Meireles, Physicochemical prop-
erties, modifications and applications of starches from differ-
ent botanical sources, Food. Sci. Technol. 35 (2015) 215–
236, doi: https://doi.org/10.1590/1678-457X.6749.

  3. M. Miao, H. Jiang, B. Jiang, S. W. Cui, Z. Jin, T. Zhang, Struc-
ture and functional properties of starches from Chinese gink-

go (Ginkgo biloba L.) nuts, Food Res. Int. 49 (2012) 303–310, 
doi: https://doi.org/10.1016/j.foodres.2012.07.038.

  4. J. N. BeMiller, Carbohydrate chemistry for food scientists, 2nd 
ed., AACC International, Saint Paul, Minnesota, 2007.

  5. S. X. Xie, Q. Liu, S. W. Cui, Starch modification and appli-
cations, in S. W. Cui (Ed.), Food Carbohydrates, CRC Press, 
Boca Raton, Florida, 2005.

  6. H. Yan, G. U. Zhengbiao, Morphology of modified starch-
es prepared by different methods, Food. Res. Int. 43 
(2010) 767–772, doi: https://doi.org/10.1016/j.food-
res.2009.11.013.

  7. Z. G. Luo, Y. C. Shi, Distribution of acetyl groups in acetylat-
ed waxy maize starches prepared in aqueous solution 
with two different alkaline concentrations, Food Hydro-
coll. 79 (2018) 491–497, doi: https://doi.org/10.1016/j.
foodhyd.2018.01.015.

  8. C. F. Hsieh, W. Liu, J. K. Whaley, Y. C. Shi, Structure, prop-
erties, and potential applications of waxy tapioca starches 
– A review, Trends Food Sci. Tech. 83 (2019) 225–234, doi: 
https://doi.org/10.1016/j.tifs.2018.11.022.

  9. O. B. Wurzburg, Modified starches: properties and uses, in 
O.B. Wurzburg (Ed.), CRC Press, Boca Raton, Florida, 1986.

10. R. Bhosale, R. Singhal, Process optimization for the synthe-
sis of octenyl succinyl derivative of waxy corn and ama-
ranth starches, Carbohydr. Polym. 66 (2006) 521–527, doi: 
https://doi.org/10.1016/j.carbpol.2006.04.007.

11. R. Bhosale, R. Singhal, Effect of octenylsuccinylation on phys-
icochemical and functional properties of waxy maize and 
amaranth starches, Carbohydr. Polym. 68 (2007) 447–456, 
doi: https://doi.org/10.1016/j.carbpol.2006.11.011.

12. B. Zhang, Q. Huang, F. X. Luo, X. Fu, H. X. Jiang, J. L. Jane, 
Effects of octenylsuccinylation on the structure and prop-
erties of high-amylose maize starch, Carbohydr. Polym. 84 
(2011) 1276–1281, doi: https://doi.org/10.1016/j.carb-
pol.2011.01.020.

13. S. Zhao, G. Tian, C. Zhao, C. Lu, Y. Bao, X. Liu, J. Zheng, 
Emulsifying stability properties of octenyl succinic anhydride 
(OSA) modified waxy starches with different molecular 
structures, Food Hydrocoll. 85 (2018) 248–256, doi: https://
doi.org/10.1016/j.foodhyd.2018.07.029.

14. J. Guo, W. Tang, S. W. Quek, Z. Liu, S. Lu, K. Tu, Evaluation 
of structural and physicochemical properties of octenyl suc-
cinic anhydride modified sweet potato starch with different 
degrees of substitution, J. Food Sci. 85 (2020) 666–672, doi: 
https://doi.org/10.1111/1750-3841.15031.

15. S. Plate, S. Diekmann, U. Steinhäuser, S. Drusch, Determi-
nation of the degree of substitution of hydrolysed octenyl 
succinate derivatised starch, LWT-Food Sci. Tech. 46 (2012) 
580–582, doi: https://doi.org/10.1016/j.lwt.2011.12.014.

16. J. Huang, H. A. Schols, Z. Jin, E. Sulmann, A. G. J. Voragen, 
Characterization of differently sized granule fractions of 
yellow pea, cowpea and chickpea starches after modifica-
tion with acetic anhydride and vinyl acetate, Carbohydr. 
Polym. 11 (2007) 11–20, doi: https://doi.org/10.1016/j.car-
bpol.2006.04.011.

17. H. Han, H. Zhang, E. Li, C. Li, P. Wu, Structural and functional 
properties of OSA-starches made with wide-ranging hydrol-
ysis approaches, Food Hydrocoll. 90 (2019) 132–145, doi: 
https://doi.org/10.1016/j.foodhyd.2018.12.011.

18. W. Liu, Y. Lia, H. D. Goff, J. Nsor-Atindana, F. Zhong, Dis-
tribution of octenyl succinic groups in modified waxy 
maize starch: an analysis at granular level, Food. Hydro-
coll. 84 (2018) 210–218, doi: https://doi.org/10.1016/j.
foodhyd.2018.06.001.

19. K. Ezzeroug, N. Moulai-Mostefa, A. Hadjsadok, Rheology, 

https://doi.org/10.1007/s11694-017-9582-6
https://doi.org/10.1007/s11694-017-9582-6
https://doi.org/10.1590/1678-457X.6749
https://doi.org/10.1016/j.foodres.2012.07.038
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.foodres.2009.11.013
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.foodres.2009.11.013
https://www.sciencedirect.com/science/article/pii/S0268005X17318593
https://www.sciencedirect.com/science/article/pii/S0268005X17318593
https://www.sciencedirect.com/science/article/pii/S0268005X17318593
https://www.sciencedirect.com/science/journal/0268005X
https://doi.org/10.1016/j.foodhyd.2018.01.015
https://doi.org/10.1016/j.foodhyd.2018.01.015
https://www.sciencedirect.com/science/article/pii/S0924224418306393
https://www.sciencedirect.com/science/article/pii/S0924224418306393
https://www.sciencedirect.com/science/article/pii/S0924224418306393
https://doi.org/10.1016/j.tifs.2018.11.022
http://doi.org/10.1016/j.carbpol.2006.04.007
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.carbpol.2006.11.011
https://doi.org/10.1016/j.carbpol.2011.01.020
https://doi.org/10.1016/j.carbpol.2011.01.020
https://www.sciencedirect.com/science/article/pii/S0268005X18306490
https://www.sciencedirect.com/science/article/pii/S0268005X18306490
https://www.sciencedirect.com/science/article/pii/S0268005X18306490
https://www.sciencedirect.com/science/journal/0268005X
https://www.x-mol.com/paperRedirect/747854
https://doi.org/10.1111/1750-3841.15031
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.lwt.2011.12.014
https://www.sciencedirect.com/science/article/pii/S0144861706002104
https://www.sciencedirect.com/science/article/pii/S0144861706002104
https://www.sciencedirect.com/science/article/pii/S0144861706002104
https://doi.org/10.1016/j.carbpol.2006.04.011
https://doi.org/10.1016/j.carbpol.2006.04.011
file:///E:\My%20Documents\RADOVI%20KORESPODENCIJA\RADOVI%20elektronske%20verzije\2021\KUI-05-2021\Original%2014.1.2021\Food%20Hydrocoll
https://doi.org/10.1016/j.foodhyd.2018.12.011
https://doi.org/10.1016/j.foodhyd.2018.06.001
https://doi.org/10.1016/j.foodhyd.2018.06.001


  A. DJORI and N. MOULAI-MOSTEFA: Structural, Physicochemical and Thermal Properties of ..., Kem. Ind. 71 (1-2) (2022) 39−4746

dynamic light scattering and physicochemical characteri-
zation of octenyl succinic anhydride (OSA) modified starch 
in aqueous solution, J. Food Sci. Technol. 55 (2018) 4485–
4491, doi: https://doi.org/10.1007/s13197-018-3377-6.

20. S. Punia, A. K. Siroha, K. S. Sandhu, M. Kaur, Rheological 
and pasting behavior of OSA modified mungbean starches 
and its utilization in cake formulation as fat replacer, Int. 
J. Biol. Macromol. 128 (2019) 230–236, doi: https://doi.
org/10.1016/j.ijbiomac.2019.01.107.

21. Y. Wen, T. Yao, Y. Xu, H. Corke, Z. Sui, Pasting, thermal and 
rheological properties of octenylsuccinylate modified starch-
es from diverse small granule starches differing in amylose 
content, J. Cereal Sci. 95 (2020) 103030, doi: https://doi.
org/10.1016/j.jcs.2020.103030.

22. M. Kurdziel, K. Królikowska, M. Łabanowska, S. Pietrzyk, M. 
Michalec, The effect of thermal and irradiation treatments 
on structural and physicochemical properties of octenyl suc-
cinate maize starches, Food Chem. 330 (2020) 127242, doi: 
https://doi.org/10.1016/j.foodchem.2020.127242.

23. L. Nilsson, M. Leeman, K. G. Wahlund, B. Bergenstahl, Me-
chanical degradation and changes in conformation of hydro-
phobically modified starch, Biomacromol. 7 (2006) 2671–
2679, doi: https://doi.org/10.1021/bm060367h.

24. F. F. Shih, K. W. Daigle, Gelatinization and pasting properties 
of rice starch modified with 2-octen-1-ylsuccinic anhydride, 
Nahrung 47 (2003) 64–67, doi: https://doi.org/10.1002/
food.200390015.

25. C. Fringant, J. Desbrieres, M. Rinaudo, Physical properties of 
acetylated starch-based materials: Relation with their mo-
lecular characteristics, Polymer 37 (1996) 2663–2673, doi: 
https://doi.org/10.1016/0032-3861(96)87626-9.

26. M. M. Millard, F. R. Dintzis, J. L. Willett, J. A. Klavons, 
Light-scattering molecular weights and intrinsic viscosities of 
processed waxy maize starches in 90 % dimethyl sulfoxide 
and H2O, Cereal Chem. 74 (1997) 687–691, doi: https://
doi.org/10.1094/CCHEM.1997.74.5.6.87.

27. B. A. Krueger, C. A. Knutson, G. E. Inglett, C. E. Walk-
er, A differential scanning calorimetry study on the ef-
fect of annealing on gelatinization behavior of corn 
starch, J. Food. Sci. 52 (1987) 715–718, doi: https://doi.
org/10.1111/j.1365-2621.1987.tb06709.x.

28. B. Vergnes, J. P. Villemaire, P. Colonna, J. J. Tayeb, Interrela-
tionships between thermo-mechanical treatment and mac-
romolecular degradation of maize starch in a novel rheom-
eter with preshearing, J. Cereal Sci. 5 (1987) 189–202, doi: 
https://doi.org/10.1016/S0733-5210(87)80022-X.

29. J. M. Fang, P. A. Fowler, C. Sayers, P. A. Williams, The chemi-
cal modification of a range of starches under aqueous reac-
tion conditions, Carbohydr. Polym. 55 (2004) 283–289, doi: 
https://doi.org/10.1016/j.carbpol.2003.10.003.

30. R. L. Shogren, Rapid preparation of starch esters by high 
temperature/pressure reaction, Carbohydr. Polym. 52 
(2003) 319–326, doi: https://doi.org/10.1016/S0144-
8617(02)00305-3.

31. Z. Q. Liu, Y. Li, F. J. Cui, L. F. Ping, J. M. Song, Y. Ravee, 
Production of octenyl succinic anhydride-modified waxy 
corn starch and its characterization, J. Agric. Food. Chem. 
56 (2008) 11499–11506, doi: https://doi.org/10.1021/
jf802317q.

32. Y. Wang, L. Wang, Characterization of acetylated waxy 
maize starches prepared under catalysis by differ-
ent alkali and alkaline earth hydroxides, Starch-Starke 
54 (2002) 25–30, doi: https://doi.org/10.1002/1521-
379X(200201)54:1<25::AID-STAR25>3.0.CO;2-T.

33. S. D. Zhang, Y. R. Zhang, H. X. Huang, B. Y. Yan, X. Zhang, Y. 
Tang, Preparation and properties of starch oxalate half-es-
ter with different degrees of substitution, J. Polym. Res. 17 
(2010) 43–51, doi: https://doi.org/10.1007/s10965-009-
9288-5.

34. M. C. Sweedman, M. J. Tizzotti, C. Schäfer, R. G. Gilbert, 
Structure and physicochemical properties of octenyl succinic 
anhydride modified starches: A review, Carbohydr. Polym. 
92 (2013) 905–920, doi: https://doi.org/10.1016/j.carb-
pol.2012.09.040.

35. V. P. Hung, N. Morita, Effects of granule sizes on physico-
chemical properties of cross-linked and acetylated wheat 
starches, Starch-Starke 57 (2005) 413–420, doi: https://doi.
org/10.1002/star.200500417.

36. A. Herrera-Gómez, M. Canónico-Franco, G. Ramos, Ag-
gregation in cooked maize starch, Carbohydr. Polym. 50 
(2002) 387–392, doi: https://doi.org/10.1016/S0144-
8617(02)00054-1.

37. E. Vesterinen, T. Suortti, K. Autio, Effects of preparation tem-
perature on gelation properties and molecular structure of 
high-amylose maize starch, Cereal Chem. 78 (2001) 442–
446, doi: https://doi.org/10.1094/CCHEM.2001.78.4.442.

38. A. Wattanakornsiri, K. Pachana, S. Kaewpirom, P. Sawang-
wong, C. Migliaresi, Green composites of thermoplastic corn 
starch and recycled paper cellulose fibers, Songklanakarin J. 
Sci. Technol. 33 (2011) 461–467.

https://www-sciencedirect-com.sndl1.arn.dz/science/journal/01418130
https://www-sciencedirect-com.sndl1.arn.dz/science/journal/01418130
file:///E:\My%20Documents\RADOVI%20KORESPODENCIJA\RADOVI%20elektronske%20verzije\2021\KUI-05-2021\Revised%20paper%2024.2.2021\J.%20Cereal%20Sci
https://doi-org.sndl1.arn.dz/10.1016/j.jcs.2020.103030
https://doi-org.sndl1.arn.dz/10.1016/j.jcs.2020.103030
https://doi.org/10.1016/j.foodchem.2020.127242
https://doi.org/10.1021/bm060367h
https://doi.org/10.1021/bm060367h
https://doi.org/10.1021/bm060367h
https://doi.org/10.1021/bm060367h
https://doi.org/10.1021/bm060367h
https://doi.org/10.1111/j.1365-2621.1987.tb06709.x
https://doi.org/10.1016/S0733-5210(87)80022-X
https://doi.org/10.1016/j.carbpol.2003.10.003
https://doi.org/10.1016/S0144-8617(02)00305-3
https://doi.org/10.1016/S0144-8617(02)00305-3
https://doi.org/10.1021/jf802317q
https://doi.org/10.1021/jf802317q
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1002%2F1521-379X(200201)54%3A13.0.CO%3B2-T
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1002%2F1521-379X(200201)54%3A13.0.CO%3B2-T
https://doi.org/10.1007/s10965-009-9288-5
https://doi.org/10.1007/s10965-009-9288-5
https://doi.org/10.1002/star.200500417
https://doi.org/10.1016/S0144-8617(02)00054-1
https://doi.org/10.1016/S0144-8617(02)00054-1
https://doi.org/10.1094/CCHEM.2001.78.4.442


A. DJORI and N. MOULAI-MOSTEFA: Structural, Physicochemical and Thermal Properties of ..., Kem. Ind. 71 (1-2) (2022) 39−47  47

SAŽETAK
Strukturna, fizikalno-kemijska i termička svojstva voštanog kukuruznog 

škroba modificiranog octenil sukcinil anhidridom
Amel Djori * i Nadji Moulai-Mostefa

Ovaj rad imao je za cilj provesti detaljnu karakterizaciju strukturnih, fizikalno-kemijskih i termičkih 
svojstava voštanog kukuruznog škroba modificiranog octenil sukcinil anhidridom (OSA), poznatog 
pod tržišnim imenom Gel ‘N’ Melt™. Analize infracrvenom spektroskopijom s Fourierovom tran-
sformacijom i protonskom nuklearnom magnetskom rezonancijom otkrile su prisutnost novih ap-
sorpcijskih vrpci s obzirom na izvorni škrob. Rezultati dobiveni protonskom nuklearnom magnet-
skom rezonancijom bili su u skladu s rezultatima dobivenim titracijom. Uočena je viša molekulska 
masa nego kod modificiranog škroba dobivenog iz drugih izvora. Utvrđeno je da postoji inverzna 
korelacija između stupnja supstitucije i molekulske mase: smanjenjem stupnja supstitucije dolazi 
do povećanja mase. Osim toga, rendgenska difrakcijska analiza i skenirajuća elektronska mikro-
skopija otkrili su gubitak uređene kristalne strukture tipa A, što je karakteristično za polimere s ni-
skim DS vrijednostima. Također, uočena je koegzistencija pojedinačnih i združenih čestica. Rezul-
tati su potvrđeni toplinskom analizom koja je pokazala potpuni gubitak kristalnosti zagrijanih zrna.

Ključne riječi 
OSA škrob, Gel ‘N’ Melt, stupanj supstitucije, kemijska struktura, molekulska svojstva,  
toplinska svojstva
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