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Abstract: The sago palm (Metroxylon sagu) can accumulate 200 kg or more of starch per palm in its trunk. The
characteristics of sago starch are different in the growing stages, portions of trunk, and cultivars. The differences
between starch grains of non-spiny and spiny sago cultivars have not yet been fully characterized. In this study,
an optical and scanning electron microscope, X-ray diffraction (XRD), and 13C cross-polarization/magic angle
solid-state nuclear magnetic resonance (13C CP/MAS NMR) were used to analyze the structure of sago starch.
The grain size of non-spiny sago starch was slightly smaller than that of the spiny one. The heated non-spiny
sago starch samples showed that heating from 40 to 80℃ resulted in the combining of 4a and 4b X-ray
diffraction patterns, changing the reflecting face of the starch with a distance of 0.52 nm. The difference between
non-spiny and spiny sago starches was not remarkable in 13C CP/MAS NMR spectra. The NMR signal peak of
C1 at 102 ppm increased with increasing heat temperature up to 80℃ and decreased with increasing heating
temperature after 80℃. It is concluded that the crystalline structures of non-spiny and spiny sago starches are
affected by temperatures above 60℃ based on the X-ray diffraction pattern and the fact that the conformation
flexibility of the sago starch structure by heating was limited to the surface portion from the X-ray diffraction
patterns and NMR spectra. 
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hardness and adhesion properties measured by a
tensipresser (Taketomo Electric Co.). However, little
data on the comparison of physicochemical properties
of non-spiny and spiny sago starches is available at
the present time. Okazaki et al. (2008) performed the
characterization of different sago cultivar starches
using an X-ray diffraction technique, 13C cross-
polarization/magic angle solid-state nuclear magnetic
resonance (13C CP/MAS NMR), and differential
scanning calorimetry (DSC) and concluded that both
non-spiny and spiny sago starches were similar in
structure and thermal properties under the saturated
moisture condition in an aluminum DSC capsule. Few
NMR results on starch were available to expect to
structural organization at the molecular level (Gidley
and Bociek, 1985; Veregin et al., 1986; Horii et al.,

Introduction

Non-spiny and spiny sago palms (Metroxylon sagu)
have been known to grow in the lowlands of
Southeast Asia (Celiz, 2000). There is no genetic
diversity among them (Barahima et al., 2008; Kondo,
2010). The basic physicochemical characteristics of
sago starch, moisture content, crude fat, fiber, crude
protein, amylose content, viscosity, molecular weight
of amylose and amylopectin, gelatinization
temperature, and crystalline structure, have been
reported by Ahmad et al. (1999), Kainuma and Hatta
(2003), Leong et al. (2007), Okazaki et al. (2008), and
Tie et al. (2008).

Hamanishi (2002) found similarities of amylose
content, thermal properties, and gelatinization in non-
spiny and spiny sago starches and the discrepancy of
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ray diffraction. This was carried out by an X-ray
diffractometer (MiniFlex, Rigaku and Max-Labo
Automatic Diffraction) equipped with Cu Kα radiation
operating at 30 kV, 15 mA or 40kV, 30 mA and
scanning (2θ) between 2 and 30° at a rate of 2° per
minute and a sampling interval of 0.01°. The changes in
starch structures by heating were examined through X-
ray diffraction analysis when the temperature reached
40, 50, 60, 70, and 80ºC using a Rigaku RINT-2100
VPC/N X-ray Diffractometer (Rigaku). The heating
temperature (40–80° C) condition used was decided,
owing to the DSC results on sago starch (Wattanachant
et al., 2002), indicating that the gelatinization
temperature of sago starch ranged from 60 to 74°C. 

4.  Solid-state cross-polarization/magic angle 

spinning 13C NMR spectra of sago starch

The starch samples were dried in a Taitec VA-810
freeze dryer, placed in a 69.0 μ L container, and
analyzed by a Jeol Detum ECA/ECX solid-state
CP/MAS 13C NMR spectrometer operating at a 13C
resonance frequency of 500 MHz, spinning rate 10
kHz, point number 2048, using scanning numbers 128
and 256, at room temperature. The starch samples
were heated from 60 to 300℃ for 24 hours in the
probe to investigate the thermal changes in sago
starch with temperature, since Oya and Takahashi
(1987a, b) baked muffins and breads at 190 and
200° C, respectively, to show the application of sago
starch to baked foods.

Results and Discussion

1.  Sago starch granules under microscope

The light microscopic images viewed under normal
light and polarized light of the non-spiny and spiny
sago starch granules are shown in Figs. 1 and 2. Sago
starch grains were oval and temple-bell shaped and
30–35 μ m in mean diameter (Ahamad et al., 1999;
Takahashi, 2010). There was an increasing tendency
in the mean long and short diameters of starch grains
extracted from the apical to basal portion of the non-
spiny and spiny sago palms. The mean long and short

1987; Gidley and Bociek, 1988; Bogracheva et al.,
2001; Tang and Hills, 2003). Still more limited
information on the NMR of sago starch was
obtainable (Okazaki et al., 2008; Tie et al., 2008).

However, there were no data on the thermal
behavior of different sago cultivar starches in a low
moisture condition, though the hydrolysis of cassava
(Manihot esculenta) starch (Atichokudomchai et al.,
2004) and Chinese yam (Dioscorea batatas) starch
(Wang et al., 2009) caused a change in the resonance
intensity of amorphous and semi-crystalline fractions.

In this study, the thermal denaturation of sago
starch from non-spiny and spiny palms under low
moisture content was elucidated by X-ray diffraction
and 13C CP/MAS NMR. 

Materials and Methods

1.  Sago starch samples

Two different sago (non-spiny and spiny) starch
samples were used in this study. In Leyte, Philippines,
the names of folk varieties were unknown. Sago
starches were collected in 2006. The sago starch from
the middle portion of sago palms was extracted by
macerating the pith in water in a blender. The starch
was separated from the pulp by squeezing the pulp in
a cotton cloth and then air-dried. The moisture content
of the samples from non-spiny and spiny sago palms
was 12.1 and 12.2% (w/w), respectively.

2.  Optical and electron microscopy observation

Light microscopy was performed to characterize
starch granular morphology. Starch samples were
mounted on a glass slide. Samples were viewed under
normal and polarized light at a magnification of 100
in an optical microscope (Meijitechno MT 9000).
Visual observation of starch granular morphology and
the presence of characteristic Maltese cross were
examined. The scanning electron microscope images
were obtained using a Hitachi Miniscope TM-1000.

3.  X-ray diffraction pattern of sago starch

Starch samples were mounted on a glass plate for X-
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2.  X-ray diffraction of sago starch

The X-ray diffraction patterns of sago starch are
shown in Fig. 4. The crystallinity of starch can be
often described as three types of X-ray diffraction
patterns, A, B, and C, which are mostly observed in
native starches. The drier and warmer conditions,
similar to those in cereals, made starch A. Cool and
wet conditions were thought to be analogous to the in
vivo condition of tubers, which made starch B
(Imberty et al., 1991). The type C pattern, sago starch,
is thought to be the combination of both types A and
B (Takahashi, 1986; Hamanishi, 2002; Celiz, 2000;
Hamanishi et al., 1999; Okazaki et al., 2008). The
type A pattern exhibited a doublet at 17 and 18° and a

diameters of the non-spiny sago starch grains were
smaller than those of the spiny sago starch grains
(Tsujimoto et al., 2008). Under polarized light (using
gypsum plate: 530 nm), starch grains showed a
Maltese cross (Figs. 1 and 2). The appearance of the
Maltese cross was evident in all samples, which
connotes a high degree of internal organization. Sago
starch grains contained a crystalline structure and
exhibited birefringence. Electron microscope images
with a magnification of 500 are shown in Fig. 3. The
difference between the mean values of long and short
grain diameters of non-spiny and spiny sago palms
was found under a scanning electron microscope (Fig.
3) rather than a microscope (Figs. 1 and 2). 
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      Open nicol 
          Non-spiny sago starch 
 

      Crossed nicol 
          Non-spiny sago starch 
 

          Fig. 1.  Sago starch granules under optical microscope
(x 100)

 
 

              Open nicol 
            Spiny sago starch 
 

 
              Crossed nicol 
            Spiny sago starch 
 

        Fig. 2.  Sago starch granules under optical microscope
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3.  Thermal changes in the X-ray diffraction pattern

of sago starch

X-ray diffraction has been used for preliminary
investigation of the changes in crystalline structure
during processing and conditioning (Smits et al.,
1998). In this study, the diffractograms of sago starch
revealed a noticeable change in structure by heating
(Fig. 4). The non-spiny sago starch had a breaking 4b
peak starting at 60° C to form a singlet peak. The
doublet 4th peak was breaking to make the singlet
peak, starting from 60° C, although the appearance of
starch grains was not changed by heating (data not
shown). The spiny sago starch, however, still had a
doublet peak at 17 and 18° with the heating treatment
of 70 and 80°C. 

single peak at 23°, which was clear in corn starch.
While the type B pattern is characterized by a peak at
5–6°, a single peak at 17°, and a doublet at 22 and
24°, which was clear in potato starch. However, the
type C crystalline structure has combination peaks at
5–6, 10, 15, 17, 18, and 22–24°, with characteristics
of both types A and B, which means a solid solution.
Sago starch exhibited the type B crystalline structure,
dominated by a type A structure, which exhibited a
distinct doublet at 17 and 18°, a single peak at 23°,
and an indefinite peak at 5–6° (Fig. 4). The X-ray
diffraction pattern of non-spiny sago palm starch
(room temperature) was similar to that of spiny sago
palm starch (room temperature). 

M. Okazaki et al.

Fig. 3.  Sago starch granules under electron microscope

 
 

 
                   Non-spiny sago starch 

 
                   Spiny sago starch 

 
        

                     
                     

Fig. 4.  X-ray diffraction pattern of sago starch
The number shows the peak of the crystalline structure.
The temperature ranged from room temperature to 80 °C.
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Okazaki et al. (2008) reported that the non-spiny
sago palm starch was classified into three groups, due
to gelatinization properties, by DSC. They suggested
that the gelatinization behavior of sago starch taken
from different portions of the trunk, based on the
ratios of type A to type B, which holds the cavity in
the hexagonal system structure of the type B starch
(Imberty et al., 1991). 

4.  Changes in the 13C NMR spectra of sago starch 

by heating

The resonance signal peaks at around 70, 80-78, 85
and 102 ppm of the CP/MAS 13C NMR are shown in
Fig. 5. About 102 ppm was assigned to the C1 site of
individual glucose units in starch (Gidley and Bociek,
1985). They also found that type A starch showed
three peaks at 98.2, 99.2, and 100.4 ppm, and type B
starch exhibited 2 peaks at 99.2 and 100.0 ppm. Tang
and Hills (2003) also reported that the peaks at 61.9

This shows that, at higher temperatures than room
temperature, type A and C starches have a tendency to
change their 4th peak doublet to type B’s singlet. The
difference between non-spiny and spiny sago starches
with heating treatment in the range of 70–80° C was
distinct in X-ray diffraction patterns.

In a model of a solid-state transition from type B to
type A, the double helices were preserved while the
water was removed, and the helices rearranged to fill
the void left by the removal of water at conditions of
low humidity and high temperature (Imberty et al.,
1991). This is in agreement with the X-ray
diffractograms at heated conditions, wherein the 4th
doublet peak of types C and A altered to form a 4th
singlet peak, which is a characteristic peak of the type
B starch. Transition was at the solid state, and
crystallinity was kept, as confirmed by the appearance
of Maltese cross under polarized light of the heated
starch samples. 
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Non-spiny sago starch  
 

 
                            

 
           

Fig. 5.  NMR spectra of sago starch heated at 60–300 °C
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