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Abstract Chitosan oligomers (COS) were obtained by
enzymatic hydrolysis and H2O2 oxidative treatment, and then
separated into different fractions using ultra-filtration mem-
branes. Each COSM fraction prepared using enzymatic
hydrolysis retained its structure, especially the reduced end
residue (−NH2 group), and had a peak for molecular weight.
On the other hand, each COSH fraction prepared by oxidative
treatment had partly damaged −NH2 groups and two peaks
for molecular weight. These results indicate that the same
COS fractions prepared by the two methods differ in their
amino groups and in their molecular weights, though they can
both pass through the same size ultra-filtration membrane.
The effect of COS on the retrogradation of intermediate
amylose rice starch (IA-RS) was also investigated. The 5 k <
COSM < 10 k fraction had the best anti-retrogradation ability;
the retrogradation ratio of IA-RS with this fraction was
reduced by 14.5%, compared to the control, and its relative
crystallinity was only 59.69%. 10 k < COSM < 30 k fraction
was second best, while the COSM < 5 k fraction had no

effect. Therefore, the molecular size of COS determined its
anti-retrogradation capability. All COSH fractions from
oxidative treatment had no effect on the retrogradation.
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Introduction

Rice is not only considered a staple food in Asian countries
(Chitra et al. 2010), rice-based products also have profound
commercial potential because it is easy to digestible and
hypoallergenic (Frederick and Kim 1997). However, these
products are not better produced on an industrial scale due
to the high rate of starch retrogradation, which, in turn,
shortens the shelf life of rice products. The term “retrogra-
dation” refers to the changes that occur in gelatinized starch
upon cooling, which implies fully reversible recrystalliza-
tion in the case of amylopectin and partially irreversible
recrystallization in the case of amylose (Bjöck 1996). The
multiplicity of inter-chain hydrogen bonds is the origin of
the aggregation. Retrogradation is of greatly concern to the
starch-based food industry because it usually causes
deterioration of starch-containing systems including viscos-
ity reduction, gel firming, enzyme-resistance, and syneresis
(Englyst et al. 1992; Ibanez-carranza 2002). Therefore,
retrogradation is important for improving the current starch
processing methods and prolonging the shelf-life of starch-
based foods.

Chitosan has important functional activities (Verma and
Banerjee 2010). Its poor solubility, however, makes it
difficult to use in food and bio-medical applications. Unlike
chitosan, hydrolyzed products and chitosan oligomers
(Chitosan oligosaccharides, COS) are readily soluble in
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water due to their short chain lengths and free amino groups
in D-glucosamine units (Jeon and Kim 2000). The lower
viscosity and better solubility of COS at neutral pH
attracted researchers to use chitosan in its oligomer form.
Especially, studies on COS in the areas of food and
nutrition have emphasized their ability to improve food
quality and human health progression (Kim and Rajapakse
2005).

Generally, COS can be prepared from chitosan by
depolymerization methods, including acid hydrolysis, enzy-
matic hydrolysis, oxidative treatment, physical treatment, or a
comprehensive method. The depolymerization outcome of
physical treatment is undesirable; this makes the chemical and
enzymatic methods the most widely used approaches for
producing COS. Hydrogen peroxide (H2O2) is a strong
oxidant, which produces free radicals in acidic, neutral, and
basic reaction systems. The radicals can attack the β-D-(1-4)
glycosidic bond and degrade chitosan. H2O2 is used to treat
chitosan in preparing COS it is easy to handle, readily
available, and environment friendly (Chang et al. 2001; Qin
et al. 2002; Shao et al. 2003; Tian et al. 2003). The
enzymatic processes of COS are generally carried out in
batch reactors and are preferred over chemical methods
because of minimized adverse chemical modifications of
products during enzymatic hydrolysis and the promotion of
COS biological activities. Using specific chitosanase in such
hydrolysis is limited because of its cost and unavailability in
bulk quantity (Yalpani and Pantaleone 1994). Chitosan is
generally susceptible to a number of different enzymatic
reactions; this indicates its broad substrate unspecificity
(Aiba 1994a, b). Hence, the non-specific hydrolysis of
chitosan by a complex enzymatic system is an alternative
economical way of obtaining COS from chitosan.

Malto-oligosaccharides have positive effects on the
retardation of starch retrogradation (León et al. 1997;
Durán et al. 2001; Rojas et al. 2001; Smits et al. 2003).
Compared to systems with equal amounts of plasticizers,
these oligomers are known to reduce retrogradation by
interfering with starch recrystallization (Katsuta et al.
1992a, b). Previous studies have focused mainly on the
biological activities of COS. Few attempts, however, were
made to evaluate the ability of COS to retard the
retrogradation of starch-based foods. Wei (2004) reported
that COS could retard the retrogradation of dextrin through
a rough turbidimetric method. It would be interesting to
determine whether COS can prevent the retrogradation in a
manner similar to that of malto-oligosaccharides through
accurate evaluations. Here, the goal is to prepare a series of
COS through enzymatic hydrolysis and H2O2 oxidative
treatment. The effect of COS prepared using the two
methods on the retrogradation of intermediate amylose rice
starch (IA-RS) is then further conducted. To study anti-
retrogradation, gelatinized IA-RS gel with 66.7% (w/w)

water content was stored at 4 °C storage for 7 days as easily
retrograded model. The water content of rice starch was
described as the percentage range of moisture content in
which maximum retrogradation occurs (Ding et al. 2003).
The storage temperature of gelatinized starch is 4 °C, which
can accelerate retrogradation. When the rice starch has
higher amylose content, the higher degree of retrogradation
occurs (Baik et al. 1997).

Materials and methods

Chitosan was obtained from Jinan Haidebei Marline Bioen-
gineering Co., Ltd., (Jinan, China). It has a 91.6% degree of
deacetylation and its viscosity average molecular weight (Mv)
was 3.2×105 Da. 30% H2O2 (w/w) reagent and all the other
chemicals were analytical grade and were purchased from
Shanghai Chemical Co. (Shanghai, China). The complex
enzyme, including cellulase, pepsin, and lysozyme, was
provided by Professor Xia Wenshui’s laboratory in Jiangnan
University. Freshly harvested intermediate amylose content
rice was purchased from a local market.

Extraction of IA-RS IA-RS was extracted using the modi-
fied method described by Lin and Chang (2006). Rice
kernels (400 g, dry basis), after cleaning, were steeped
overnight in 2 L of 0.1% (w/w) NaOH solution. The
supernatant was decanted; the kernels were milled with 2 L
of 0.1% (w/w) NaOH solution by a colloid mill. The slurry
was passed through a 100-mesh sieve and poured into a 5-L
beaker. The breaker was then filled with deionized water
and surface yellow foam was removed. The solution stood
at 4 °C for 12 h, with the starch slowly precipitating at the
bottom of the break; the water at the top was recovered by
siphoning. Afterward, filling the water and removing the
yellow foam, standing and siphoning were repeated four
times until the protein was completely removed. The starch
layer was collected, oven-dried at 40 °C, passed through a
100-mesh sieve, and stored. The isolated starch had 12%
moisture content, 0.5% protein content (AOAC 2000), and
23% amylose content (Gunaratne and Hoover 2000).

Preparation of different COSM fractions by enzymatic
hydrolysis To prepare the different COSM fractions using
enzymatic hydrolysis, 5 g chitosan was first mixed with
50 ml of a 0.1 mol/L sodium acetate-0.2 mol/L acetic acid
buffer (pH 5.0), and then treated with the complex enzyme in
an enzyme/substrate ratio of 1:100 (w/w). Chitosan hydro-
lysis was carried out at 45 °C with shaking for 3 days.
During hydrolysis, the pH of the solution was readjusted to
5.0 using 0.2 mol/L acetic acid after reacting for 2 h. Once
the reaction was complete, the solution was adjusted to pH
9.0 with 0.2 mol/L of NaOH and then filtrated. The solution
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was separated using an ultra-filter (molecular weight cut-off:
5 k, 10 k, and 30 k). The solutions from 10–30 k, 5–10 k,
and <5 k ultra-filtration membranes were collected separately
and concentrated to 50 ml. The precipitates were obtained by
adding six volumes of ethanol to the concentrated solutions.
Different COSM fractions were collected after the precip-
itates were dried at 40 °C by vacuum.

Preparation of different COSH fractions by H2O2 oxidative
treatment To prepare COS, 5 g chitosan was first mixed
with 50 ml deionized water and 100 μl glacial acetic acid
(anhydrous acetic acid). The pH value of solution could
decrease as the oxidative reaction progresses; hence,
chitosan was added into the subacid solution. This was to
avoid using excess NaOH solution adjustment and produce
more salts in the subsequent step. Therefore, this oxidative
degradation of chitosan by H2O2 is heterogeneous. The
reactor was kept in a 70 °C water bath and shaken for 2 h.
In this process, 6 ml 30% H2O2 was added before the
reaction and every 30 min thereafter, so that 24 ml of 30%
H2O2 was used all in all. Once the reaction was complete,
the solution was adjusted to pH 9.0 with 0.2 mol/L of
NaOH and, then, filtrated. The preparation of different
COSH fractions by H2O2 treatment was conducted through
the enzymatic hydrolysis method as described above.

During the oxidative degradation of chitosan, the
solution viscosity dropped sharply at the initial reaction,
and then further decreased slowly. After 2 h of reaction,
there was almost no water-insoluble chitosan precipitate
was observed in the reaction solution which was adjusted to
pH 9.0. Therefore, to effectively obtain COSH, the reaction
time was limited to 2 h. Although the rate of reaction
usually increased with temperature, the color of the COS
product became dark when the temperature was over 70 °C.
This may be due to the very high reaction temperature,
which resulted in the rapid and severe depolymerization of
chitosan that produces other by-products. Thus, from the
preliminary experimental results, the most suitable depoly-
merization temperature is 70 °C (Tian et al. 2004).

Measurements of the molecular weights of the different
COS fractions The molecular weights of different COS
fractions were measured using high-performance gel filtra-
tion chromatography (HPGFC). The HPGFC instrument
(Waters 600) consists of a connected column (Ultrahydro-
gel™ Linear 300 mm×7.8 mmid×2) and a 2410 differen-
tial refraction detector. The concentration of a COS sample
solution was 0.5 mg/ml. Sample solutions were allowed to
pass through a 0.45 μm Millipore filter. The eluent was
0.2 mol/L CH3COOH + 0.15 mol/L CH3COONH4, at a
flow rate of 0.9 ml/min at 45 °C. The dextran standards
(Pharmacia & Upjohn Company, USA) were used to
construct a standard curve. All data provided by the

HPGFC system were collected and analyzed using an
Empower workstation.

FT-IR analyses of the different COS fractions Fourier
transformed infrared spectroscopy (FT-IR) was conducted on
an FT-IR Nicolet NEXUS470 spectrometer (Thermo Nicolet
Corp., USA) in the range of 4000–400 cm−1. Thirty-two co-
added scans were taken for each sample at a resolution of
2 cm−1. All powder samples of COS were compressed into
KBr disks. The spectra were collected in triplicates and
averaged to a spectrum using the Omnic 6.2 software.

Differential scanning calorimetry (DSC) The DSC meas-
urements were carried out using Pyris 1-DSC (Perkin-Elmer
Corp., Norwalk, CT, USA). The gelatinization and retrogra-
dation properties of the samples were determined from the
DSC curves. The mixing ratio of IA-RS/COS was 5/0.4 (w/
w), which is equal to an IA-RS containing 8% COS (based
on the IA-RS weight). The calorimeter was calibrated using
an indium standard. Samples of the mixtures (about 2 mg)
were accurately weighed into aluminum DSC pans, and
deionized water was added by micropipette in order to
achieve a water-sample ratio of 2:1. Sample pans were sealed
and equilibrated at room temperature for 24 h before the
analysis. The samples were heated at a rate of 10 °C/min
from 10 °C to 95 °C using an empty pan as reference. The
onset temperature To, peak temperature Tp, and conclusion
temperature Tc of gelatinization were determined from the
DSC curves for the first run of heating. Gelatinization
enthalpy (ΔHg) was evaluated based on the area of the
main endothermic peak. The gelatinized samples were then
stored at 4 °C for 7 days. To study retrogradation, these
stored samples were again heated under the same con-
ditions used for the gelatinization analysis, and the
retrogradation enthalpy (ΔHr) was determined from the
second run of heating. In addition, the percentage of
retrogradation (R%) was calculated as the ratio of ΔHr to
ΔHg in the heating run (Rodríguez-Sandoval et al. 2008).
Analyses were performed in triplicates.

X-ray diffraction The samples as same as DSC analysis
were IA-RS with 8% different COS and adding double
deionized water and gelatinized by steam heating for
20 min in a closed thermostat water bath. These samples
were cooled to room temperature and then stored at 4 °C
condition for 7 days to retrograde. The freeze-dried samples
were ground and then passed through a 100-mesh sieve
before testing. The recrystallization analysis was carried out
using a Bruker D8 Advance speed X-ray diffractometer
(Bruker AXS, Rheinfelden, Germany) equipped with a
copper tube operating at 40 kV and 200 mA, producing
CuKα radiation of 0.154 nm wavelength. Diffractograms
were obtained by scanning from 4° (2θ) to 40° (2θ) at a rate
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of 4°/min, a step size of 0.02°, a divergence slit width (DS)
of 1°, a receiving slit width (RS) of 0.02 mm, and a scatter
slit width (SS) of 1°. Each sample was measured in
triplicate. MDI Jade 5.0 software was used to analyze the
diffractograms. The retrogradation crystallinity was quanti-
fied by integrating the area under the fitting crystalline peak
at 17°. The relative crystallinity (XRC) was expressed as
XRC=(Is/Ic)×100, where Is and Ic are the integrated areas of
the crystalline peak at 17° in the samples of IA-RS with
different COS fractions and in the control, respectively. The
integrated area was obtained after smoothing and fitting the
original peak using the PeakFit v4.12 software with some
modification as described in previous reports (Ribotta et al.
2004; Primo-Martín et al. 2007).

Statistical analysis The mean, standard deviations, and the
significant differences found in the collected data were
calculated and reported using Origin (version 7.5). T-test
statistical analyses were also conducted. For the differences
reported significant, a confidence level of 95% was
considered.

Results and discussion

Characterization of the molecular weights of the different
COS fractions The molecular weights of different COS
fractions obtained from the two preparation methods are
summarized in Table 1. The differences in molecular weights
due to ultra-filtration separation can be observed for all
fractions. The COSM synthesized by enzymatic method all

have a peak for the molecular weight and these values
decreased gradually in the order of 10 k < COSM < 30 k, 5 k
< COSM < 10 k, and COSM < 5 k (Table 1). All molecular
weights of the COSH produced by H2O2 treatment were all
divided into two peaks (Table 1). The molecular weights for
Peak 1 were at 1100–2500 and they also decreased in the
order of 10 k < COSH < 30 k, 5 k < COSH < 10 k, and
COSH < 5 k. On the other hand, the various molecular
weights for Peak 2 were from 440–1000 and were
particularly similar to that of the COSM prepared using the
enzymatic method. These data provide information on the
preparation of COS, indicating that the H2O2 treatment
should destroy the structure of the COS to some extent,
which resulted in all three fractions having two peaks. It
could be assumed that Peak 1 of all the COSH fractions
prepared by the H2O2 oxidative treatment represented
“damaged COS”, and Peak 2 was the “normal COS” and is
similar to the COS prepared using the enzymatic method.

FT-IR spectra of the different COS fractions FT-IR is
effective for characterizing COS. The FT-IR spectra of
different COS fractions prepared through enzymatic hydroly-
sis and H2O2 oxidative treatment are shown in Fig. 1. The
spectra of the COS prepared by the two methods had
obvious differences. All COSM produced by the enzymatic
hydrolysis had two peaks that noticeably split at 3500–
3300 cm−1; this corresponds to the typical N-H stretching
vibration of the primary amine (Guiver et al. 1995), though
the O-H stretching vibration in this range should be covered
up. All COSH obtained by H2O2 oxidative treatment had
only one single strong, broad band centered at about
3370 cm−1. This is due to the O-H stretching vibration and
the N-H stretching vibration, which should be less promi-
nent. Further, for the COSH prepared by the H2O2 oxidative
treatment, the intensities of amide I (C = O stretch) and
amide II (N-H bend) bands at 1655 and 1560 cm−1 (Ngo et
al. 2008), respectively, decreased compared to those of 5 k <
COSM < 10 k and 10 k < COSM < 30 k, and moved towards
higher wave numbers. The COSM < 5 k fraction also lacked
clear amide I bands at 1655 cm−1. The absorption bands at
1155 cm−1 (anti-symmetric stretching of the C-O-C bridge),
1082 and 1032 cm−1 (skeletal vibrations involving the C-O
stretching) are characteristic of its saccharide structure
(Peniche et al. 1999). The vibrational band at about
1155 cm−1, corresponds to the ether bond in the pyranose
ring, which almost disappeared in the COSH prepared using
the H2O2 treatment; the rupture of the β-glycosidic bonds
may have affected the amount and distribution of the
glycosidic bonds in the molecular chains of COS (Wang et
al. 2005). The information obtained from the FT-IR spectra
of the COSH prepared by H2O2 treatment imply that the
breaking of the C-O-C glycosidic bond leads to chain
scission (Shao et al. 2003). Since the peak at about

Table 1 The molecular weights of the different COS fractions
prepared by enzymatic hydrolysis and H2O2 oxidative treatment

Different COS
fractionsa

Name % Area Mnb Mwc Mpd

10 k < COSM < 30 k Peak1 100.00 886 911 942

5 k < COSM < 10 k Peak1 100.00 597 637 659

COSM < 5 k Peak1 100.00 448 461 495

10 k < COSH < 30 k Peak1 73.03 1958 2428 2004

Peak2 26.97 756 873 910

5 k < COSH < 10 k Peak1 54.16 1219 2024 1779

Peak2 45.84 579 617 644

COSH < 5 k Peak1 41.33 1162 1756 1590

Peak2 58.67 485 495 523

a COSM is represented as COS prepared by enzymatic hydrolysis; COSH is
represented as COS prepared by H2O2 oxidative treatment
b The number average molecular weight (Mn)
c The weight average molecular weight (Mw)
d The peak molecular weight (Mp)
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660 cm−1 is assigned to out-of-plane -NH deformation
(Sirdeshmukh and Puranik 1962). The spectra of the COSM
prepared using enzymatic hydrolysis showed three slit peaks
at 666–557 cm−1. In contrast, COSH prepared using H2O2

oxidative treatment had none of these peaks, which also
indicated losing of the −NH groups.

From the above results, although the molecular weights
of all COSM fractions prepared by enzymatic hydrolysis
decreased, their unit structure, particularly, the reduced end
residue (−NH2 group), did not change. The H2O2 treatment
under this condition broke the reduced end residue (−NH2

group) of the COSH, changed the glucoside bonds, and

Fig. 1 The FT-IR spectrum of
the different COS fractions
prepared by enzymatic hydroly-
sis (a) and H2O2 oxidative
treatment (b)
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weakened the amide bands. As described by Qin et al.
(2002), when chitosan was treated with H2O2, oxidative
scission produced diverse effects, which may partially
destroy the normal structure of the COS. The −NH2 group
of the COSH prepared by the H2O2 oxidative treatment was
destroyed, though −COOH was not formed as reported (Qin
et al. 2002).

The FT-IR data also proved the analyses of the molecular
weight as given above; all COSH fractions prepared by
oxidative treatment included both the “damaged COSH”
and “normal COSH” parts. The results from the two
analyses indicated that the same COS fractions prepared
from the two methods vary in structure and in molecular
weight though they can both pass through the same size of
ultra-filtration membranes.

Retrogradation analyses of IA-RS with the different COS
fractions DSC is most useful in measuring and providing
the basic information on starch retrogradation. Table 2
shows the effects of the different COS fractions on the
gelatinization and retrogradation properties of the IA-RS.
The addition of COS affected the gelatinization temper-
atures of the IA-RS gel. There was a clear shift in the
endotherms toward a higher temperature compared to the
control (Table 2). In addition, IA-RS with 5 k < COSM <
10 k fraction had a slightly lower gelatinization enthalpy
than the other samples, which could indicate that a certain
molecular size of COS could facilitate easy hydration of the
starch granules. However, the gelatinization enthalpies of
the IA-RS with the other COS fractions do not significantly
differ from the control.

The enthalpy value of the retrograded starch reflects the
melting of the crystallites formed through the association
between adjacent double helices during gel storage (Hoover
and Senanayake 1996). This endotherm peak was caused by

the melting of retrograded amylopectin (Fearn and Russell
1982; Karim et al. 2000) instead of amylose. Table 2 also
lists the changes in retrogradation enthalpy and the R% of
gelatinized IA-RS with different COS fractions after 7 days
of storage. In the absence of COS, the ΔHr and R% of the
gelatinized IA-RS significantly increased to 7.11 J/g and
57.8%, respectively. However, the ΔHr and R% of the
gelatinized IA-RS sample with 5 k < COSM < 10 k fraction
had an evident reduction at 5.10 J/g and 43.3%, respectively.
The 10 k < COSM < 30 k fraction also showed slightly lower
ΔHr (6.09 J/g) and R% (53.5%) values. When the addition
of the COSM < 5 k fraction and all other COS fractions
prepared using H2O2 method were complete, there was no
effect seen on the anti-retrogradaition of the IA-RS.

The final recrystallization was investigated using XRD
to further prove the effect of COS on the retrogradation.
Traditional powder XRD is the most sensitive to the
recrystallization of the molecular association, which is the
long-range order structure (Petkov 2008). The sensitivity of
the powder XRD is relatively low compared with DSC in
the terms of the retrogradation. The XRD patterns and
corresponding crystallinity observed from the retrograded
IA-RS systems with different COS fractions are present in
Fig. 2, in which the overlapping separation method was
used to distinguish the difference of the recrystallization
between the samples and the control. The retrograded starch
(B-type crystal) is characterized by a well-defined peak at
17° (2θ) (Kim et al. 1997), and is clearly distinct from the
pattern of raw starch. This is also accompanied by the
gradual increase in the rigidity and phase separation
between the polymer and the solvent (syneresis). The
formation of this peak was the result of the crystallization
of the amorphous starch melt, mainly of the amylopectin
fraction, and increased during storage (Thiré et al. 2003;
Osella et al. 2005). Starch-lipid complexes, which exhibit
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Table 2 The temperatures (To, Tp and Tc) and enthalpy (ΔHg) of
gelatinization of intermediate amylose rice starch (IA-RS) with 8%
(based on starch weight) the different COS fractions and the

corresponding retrogradation enthalpy (ΔHr) and ratio (R%) after
7 days’ storage at 4 °C

Samplesa Gelatinizationb Retrogradationb

To (°C) Tp (°C) Tc (°C) ΔHg (J/g dry starch) ΔHr (J/g dry starch) R%

The control 68.5±0.27 a 75.1±0.10 a 82.5±0.15 a 12.3±0.20 a 7.1±0.01 a 57.8

IA-RS with 10 k < COSM < 30 k 69.5±0.23 b 76.3±0.12 b 83.8±0.06 b 12.0±0.23 a 6.1±0.14 b 53.5

IA-RS with 5 k < COSM < 10 k 69.8±0.20 b 76.4±0.17 b 83.5±0.36 b 11.8±0.14 b 5.1±0.21 c 43.3

IA-RS with COSM < 5 k 72.1±0.19 c 78.8±0.00 c 85.8±0.11 c 12.5±0.20 a 7.0±0.10 a 55.8

IA-RS with 10 k < COSH < 30 k 70.9±0.22 d 77.6±0.10 d 84.5±0.02 d 11.9±0.36 a 7.2±0.55 a 60.7

IA-RS with 5 k < COSH < 10 k 71.4±0.11 e 78.0±0.00 e 84.9±0.20 d 12.7±0.52 a 7.1±0.41 a 56.1

IA-RS with COSH < 5 k 72.2±0.23 f 79.0±0.26 f 86.2±0.70 e 12.3±0.40 a 7.0±0.09 a 57.2

a COSM is represented as COS prepared by enzymatic hydrolysis; COSH is represented as COS prepared by H2O2 oxidative treatment
b Values are means ± standard deviations (n=3); Values followed by the same letter in the same column are not significantly different (p<0.05)



V-type corresponding to this peak at 20°, have been found
to be metastable and to transform gradually into the more
stable B-type crystal on aging of cooked rice (Hibi et al.
1990; Zobel and Kulp 1996).

Two major broad peaks were identified in the all
retrograded samples at 2θ angles of 17 and 20° (Fig. 2). In
Fig. 2a, by observing the overlapping XRD patterns, the
peak area close to 17° of the IA-RS sample with 5 k < COSM
< 10 k fraction was evidently smaller than the control, which
indicates the lack of the typical B-type crystal. This also
implies that 5 k < COSM < 10 k part could retard the
recrystallization of amylopection or the long-term retrogra-
dation behavior of the gelatinized IA-RS. Likewise, the peak
size at about 17° of the IA-RS with 10 k < COSM < 30 k
fraction was also slightly smaller than the control. However,
the XRD patterns of IA-RS with COSM < 5 k or all COSH
fraction prepared by H2O2 oxidative treatment and the
control appeared to all be consistent (Fig. 2b), suggesting
their extent of retrogradation being almost the same.

The XRD pattern of retrograded starch was normally the
dispersion broad peak (Kim et al. 1997; Primo-Martín et al.
2007), thus, the crystallinity of the samples was calculated
to quantitatively compare the degree of recrystallization. In
calculation, crystallinity was quantified based on the
integrated area under the fitting crystalline peak at about
17° with PeakFit software. The relative crystallinity (XRC)
is defined as the ratio of the integrated area of the fitting
crystalline peak at 17° in the samples to this integrated area
in the control, then these calculated values of retrograded
samples with different COS fractions are listed in Table 3.
Among the samples studied, XRC value of IA-RS with the
5 k < COSM < 10 k fraction was significantly decreased to
59.69% and next was the 10 k < COSM < 30 k (84.59%)
sample as compared with the control (100%), which
showed that 5 k < COSM < 10 k and 10 k < COSM <
30 k fractions could retard the recrystallization or retrogra-
dation behavior of gelatinized IA-RS. But there was no
evident discrepancy in the XRC values of the IA-RS among
COSM < 5 k fraction (92.72%), 10 k < COSH < 30 k
fraction (91.71%), 5 k < COSH < 10 k fraction (95.45%),
COSH < 5 k (90.55%), and the control (100%) (Table 3),

a

b

5 10 15 20 25 30 35 40

2-Theta (˚)

The control (above) and IA-RS

with 5k < COSM < 10k (below) 

The control (above) and IA-RS

with 10k < COSM < 30k (below) 

The control (above) and IA-RS

with COSM < 5k (below) 

5 10 15 20 25 30 35 40

2-Theta (˚)

The control and IA-RS with

10k < COSH < 30k 

The control and IA-RS with 

5k < COSH < 10k 

The control and IA-RS with 
 COS H < 5k 

Fig. 2 X-ray diffraction overlapping patterns between retrograded
intermediate amylose rice starch (IA-RS) gels with the different COS
fractions and the control, respectively: COSM prepared by enzymatic
hydrolysis (a) and COSH prepared by H2O2 oxidative treatment (b)
Legend: The overlapping separation method was used to distinguish
the difference of recrystallization between the samples and the control
in these XRD patterns

Table 3 Relative crystallinity (XRC) of retrograded sample with the different COS fraction as determined using X-ray diffraction

Samplesa The integrated area of fitting crystallinity peak at 17°b XRC%
c

The control 723.2±16.43 a 100

IA-RS with 10 k < COSM < 30 k 611.8±21.08 b 84.6

IA-RS with 5 k < COSM < 10 k 431.7±10.60 c 59.7

IA-RS with COSM < 5 k 670.6±11.34 d 92.7

IA-RS with 10 k < COSH < 30 k 663.3±15.64 d 91.7

IA-RS with 5 k < COSH < 10 k 690.4±22.59 a, d 95.5

IA-RS with COSH < 5 k 654.9±13.14 d 90.6

a COSM is represented as COS prepared by enzymatic hydrolysis; COSH is represented as COS prepared by H2O2 oxidative treatment
b Values are means ± standard deviations (n=3); Values followed by the same letter in the same column are not significantly different (p<0.05)
c XRC, the relative crystallinity, is calculatetd using: XRC=(Is/Ic)×100, where Is and Ic are the integrated areas of the crystalline peak at 17° in the samples of
IA-RS with different COS fractions and in the control, respectively
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which also indicates that these COS fractions had no effect
on the retrogradation of IA-RS.

Hence, these XRD results from observation and calculation
were in agreement with the ΔHr and R% assessed by DSC.
Among the three COSM fractions obtained by enzymatic
hydrolysis, the 5 k < COSM < 10 k fraction had the best anti-
retrogradation ability, with the 10 k < COSM < 30 k fraction
coming in second. However, the COSM < 5 k fraction did
not have this ability. Thus, a special molecular weight of
COS should be involved in preventing the retrogradation of
starch. As some research were reported that malto-
oligosaccharides of DP (degree of polymerization) 2–6 may
hinder helix formation and reduce long-term retrogradation.
In comparison, larger malto-oligosaccharides of DP >6 did
not have this effect (León et al. 1997; Durán et al. 2001;
Rojas et al. 2001; Smits et al. 2003). However, malto-
oligosaccharides of DP >7 can increase starch retrogradation
(León et al. 1997; Durán et al. 2001; Rojas et al. 2001). The
molecular weight of glucosamine repeating unit is 160; thus,
the DP of 5 k < COSM < 10 k fraction having the best anti-
retrogradation ability in this study may be about 3 or 4.
Hydrogen bonding between starch chains leading to recrys-
tallization may be interrupted by a certain molecular size of
COS, thereby reducing the retrogradation rate. Crosslink
may occur between COS and the hydroxyl groups of
adjacent amylopectin chains, retarding the conformational
reordering of amylopectin chains. On the other hand,
different COSH fractions prepared by H2O2 oxidative
treatment did not exhibit anti-retrogradation activity. It may
be due to the chemical structure of some COSH during H2O2

oxidative treatment being damaged, which results in the
reduction of the effective part of the anti-retrogradation.

Conclusion

The results of this study demonstrate that although H2O2

oxidative treatment can be a quick and simple method to
obtain COSH, the chemical structure of COSH could be
destroyed, thus affecting its function of anti-retrogradation.
On the other hand, the COSM prepared by enzymatic
hydrolysis retained its active group with molecular weight
reduction; however, this method is time-consuming. Thus, a
more efficient method needs to be developed to obtain COS
owning anti-retrogradation effect without damaging the unit
structure itself.

Moreover, it is also found in this study that a specific
molecular size of COSM prepared by enzymatic hydrolysis
could clearly prevent the retrogradation of intermediate-
content amylose rice starch. This is important in the
application of COS to starch-based foods. It must be
pointed out, however, that a relatively high-level of COS

was added to starch at analyses. Therefore, further research
should assess the possible effect of COS with individual DP
3 or 4 on the retrogradation of IA-RS, thereby effectively
reducing the amount of its usage.
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