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Abstract- Properties of gelatinization, endothermic and pasting
behaviour of Metroxylon sp. sago starch were studied. Those
properties of other starches (Arenga pinnata, wheat, corn, and
cassava) were also analyzed as a comparison. It was found that
Metroxylon sago starch had a relatively higher gelatinization
temperature and endothermic energy, as well as higher peak
viscosity. Many potential applications of these starches in the
food industry might be made by knowing these properties, in
which the search of underutilized starch sources was being
pursued.
Index Terms- Arenga, endothermic energy, gelatinization
characteristics, pasting, sago.

I. INTRODUCTION

L

ike other starches, sago starch has been utilized in many
application of food products, either as a main raw material or
as an additive, such as food, medicine, paper, plywood, and
textile industries. Specifically in the area of food industries,
starch has been used as texture shapers, gelling agent, bulking
agent, anti sticky agent, edible packaging, and fermentation
energy [1], [2], [3], [4]. The use of starch in the food application
would be dependent upon several factors, such as obtainability,
price, easiness of processing, and the quality impact on the
applied final product.
Sago is a commodity that produces large quantities of starches
that grows in a stable and sustainable ecosystem dynamic. The
plant might grow with variations in climate and acid soil
conditions. Sago occupies a very strategic position in Indonesia's
food history, especially for residents of coastal or lowland areas
[5].
This commodity has a great potential to become a staple food
and raw material for starch-based industries because it is well
known and well-developed in society. The enormous potential of
sago should be utilized for the purpose of finding an underutilized food starch source. A systematic and sustainable
development of sago may be a way to secure food sources in the
future [6].
There are two major sago starches, i.e. Metroxylon sp. and
Arenga sp, which have many differences in their properties. The
former may produce a lot of starch, up to about 250 kg per palm,

while the latter only produce about 75 kg per palm [7], [8], [9],
[10].
Starch properties, such as gelatinization temperature,
endothermic energy, and pasting behavior are very essential to be
identified before using them in any food formulation.
Therefore, the aims of this research was to portray those
properties of sago starch. Its properties were then compared to
the properties of arenga, wheat, corn and cassava starches.
II. MATERIALS AND METHOD
1) Materials.
The sample of fresh sago starches (Metroxylon sp.) was
directly obtained from a small sago processing unit in the
Village of Lamokula, Regency of South Konawe, in the
Province of Southeast Sulawesi, Indonesia. Meanwhile, the
other starches (arenga from Arenga sp., wheat, corn, and
tapioca) were purchased from a local supermarket.
2) Gelatinization and Endothermic Properties Measurement.
An apparatus of DSC-7 Perkin Elmer, which was calibrated
with indium (∆H 28.45 J/g, melting point 156.6oC), was
used to determine the temperature of thermal transition and
endothermic energy (∆H). Approximately 1 g of sample
was energetically mixed with deionized distilled water in a
glass capped bottle. The ratio of starch/water was 1:2 (dry
basis). About 10-15 mg of this mixture was then balanced
directly into a 40μL DSC pan using a micropipette, then
sealed immediately. The wrapped pans were kept to stand
for 2 h at 24oC before heating from 20 to 120oC, at a
scanning rate of 10oC per min. A blank pan was used as
reference. Temperatures of thermal transition of the starch
were defined in terms of To (onset), Tp (peak), and Te (end)
of temperature of gelatinization. Endothermic energy (∆H)
in J/g was determined by integrating the top area of the DSC
endothermic graph.
3) Pasting Properties
An apparatus of Rapid Visco Analyzer (RVA) was used to
profile the pasting characteristics of the samples. About 2 g
of samples (with 14% moisture basis) were balanced directly
into the aluminum canister. Then, exactly 25 mL of
deionized distilled water was added.
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The test in RVA was performed with a 13 min cycle. Initial
test was to calibrate for 1 min at 50oC, followed by heating
for 3.75 min to a maximum temperature of 95oC. The
sample was hold for 2.5 min at 95oC; cooled for 3.75 min
until the temperature reached 50oC; and subsequently hold
for 2 min at 50oC [11], [12]. The profile of the pasting
characteristics were peak viscosity, temperature and time at
which the peak occurred, minimum viscosity, final viscosity,
pasting temperature, breakdown rate (the decrease in
viscosity between peak and minimum per min),
retrogradation rate (the increase in viscosity per min during
cooking from 95 to 50oC), and the rate of increase in
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viscosity during 5oC holding stage. The viscosity was
expressed in Rapid Visco Unit (RVU), where one scale of
RVU was equivalent to about 12 cPoise.
4) Statistical Analysis
At least three replicates were measured for each sample, and
the result average was made. ANOVA (Analysis of
variance) was performed using the Minitab® 18.1 statistical
package to calculate any statistical differences [13]. To
compare among average, a Duncan multiple range test was
performed.

III. RESULTS AND DISCUSSION
A. Properties of Thermal Transition and Energy of
Endothermic
To (onset temperature), Tp (peak temperature), Te (end
temperature), and ∆H (endothermic energy) of the samples are
shown in Table 1. Sago, arenga, wheat, corn and tapioca samples
had a single endotherm of gelatinization.
TABLE 1
PROPERTIES OF THERMAL TRANSITION AND ENDOTHERMIC ENERGY
OF SAGO, ARENGA, WHEAT, CORN AND TAPIOCA STARCHES1,2
Samples
Sago
Arenga
Wheat
Corn
Tapioca

To(oC)3
68.20a
64.43b
53.35c
65.67b
62.79d

Tp(oC)3
72.39a
68.95c
61.06d
70.05bc
69.08c

Te(oC)3

Te – To
(oC)4

80.74a
76.93b
69.87c
76.09b
78.49d

12.54a
12.50a
14.52b
10.42c
15.70d

∆H (J/g)5

value for wheat and cassava starch was slightly similar to that
reported by Waterschoot et al.[17].
Gelatinization enthalpy (ΔH) was the heat energy required to
release the amylose double helix bonds and destroyed the
crystalline part during the gelatinization process. A higher ΔH in
sago starch indicated a stronger crystalline amylopectin, making
it more difficult to degrade during heating process.
B. Profile of RVA Pasting Properties
Profile of RVA pasting properties of the samples are indicated in
Figure 1, meanwhile the summary of the pasting properties is
shown in Table 2. It was indicated in Figure 1 that there were
several differences of the pasting properties of the samples
analyzed.

16.01a
12.93b
7.76d
10.91c
11.76bc

1

The average of triplicates.
The same superscript were not significantly different (p<0.01).
3
To, Tp and Te in oC were the onset, peak, and end of
gelatinization temperature.
4
Range of gelatinization temperature.
5
Endothermic energy.
2

The results obtained indicated that the ranges of gelatinization
temperature (Te – To) fluctuated between 10.4oC and 15.7oC.
The temperature ranges of gelatinization for corn starches was
not significantly lesser than those reported by the other study
[14]. This discrepancy was most likely caused by the difference
in rate of heating used during the DSC run, where the present
study using a heating rate of 10oC per min while the latter
authors used 16oC per min. In a separate study, it was revealed
that a higher heating rate in DSC test has given an increase in the
ranges of gelatinization temperature [15].
The gelatinization temperature range reflected the quality and
homogeneity of the crystalline portion of the starch, which
includes uniformity of crystal size and stability [16]. The
decrease in temperature ranges indicated that the crystal portion
formed is more homogeneous so that it required lower energy or
enthalpy to melt.
Enthalpy energy (∆H) of the starch samples fluctuated between
7.76 and 16.01 J/g. The ∆H for corn starch was higher than that
found by Khomsatin et.al. [14] and Waterschoot et al. [17]. The

Figure 1.

Profile of RVA pasting properties sago, arenga, corn,
wheat and tapioca starches.

Figure 1 shows the starch gelatinization profile measured using
RVA. The data obtained were peak viscosity, pasting
temperature, hot paste viscosity, retrogradation rate, and final
viscosity after maintained at 50oC or cold paste viscosity. The
results indicated that peak viscosities of the sago starch were
significantly higher than those of other starches. This might be
caused by the differences in size of granules, where sago starch
has the biggest size among the samples [18]. The peak viscosity
was achieved at the end of the heating stage when the quantity of
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swollen starch particles increased resulting in pasting state [18].
Pasting occurred when there was a combined effect of swelling
and rate of disruption of the granules [19]. There was also an
indication that peak viscosity was influenced by the waterholding capacity of the starch [20].
As with native starch, sago starch has a gelatinization profile
with a high peak viscosity followed by a sharp breakdown
viscosity during the heating phase. This showed that the sago
starch granules were less resistant or less stable by the heating
process. In the cooling phase, the viscosity of the starch paste
increased again due to the re-association of amylose and
amylopectin molecules through hydrogen bonds. The increase in
viscosity during the cooling phase also shows a trend toward
retrogradation of the sago starch paste. The high amylose content
has a major contribution to the tendency for starch paste
retrogradation during the cooling phase [21], [22], [23].
.
TABLE 2
PROFILES OF RVA PASTING PROPERTIES OF SAGO, ARENGA, WHEAT,
CORN AND TAPIOCA STARCHES

RVA pasting
properties 1,2

Starch of
Sago

Arenga

Wheat

Corn

Tapioca

Peak viscosity
(RVU)

185.91a

94.16c

84.73c

117.68d

128.96e

Peak occured at:
Temperature (oC)
Time (min)

81.15a

80.78a

95.00c

95.00c

84.98b

3.50a

3.47a

6.34c

5.48d

3.90b

Minimum
viscosity (RVU)

65.72a

20.50c

70.42d

89.62c

57.79f

Final viscosity
(RVU)

105.79a

28.13c

149.92c

76.67f

Pasting
temperature (oC)
Breakdown rate
(RVU/min)
Retrogradation
rate (RVU/min)
Rate of viscosity
increasing before
peak (RVU/min)
Rate of viscosity
decrease during
95oC holding time
(RVU/min)3
Rate of viscosity
increase during
50oC holding time
(RVU/min)

121.38
d
75.10a

72.95c

93.10c

87.93d

70.98e

26.72a

12.87c

7.93d

10.45cd

18.10e

5.97a

0.64c

5.96a

6.83a

2.34d

422.12a

139.66c

40.01d

78.10e

97.48f

32.01a

10.83cd

9.27d3

12.13c3

17.19e

5.84a

2.32c

12.80d

15.31e

4.36f

Means of duplicates
Mean in row having the same superscript were not significantly
different (p<0.01)
3
The values were calculated only from the descending slope
starting from the peak because the peak was reached after 95oC.
1

2

In many industrial application, a high-viscous type of starch must
be initially modified to be used in various food formulation. The
knowledge of pasting profiles of the starch might help one to
choose the appropriate characteristics.
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Cold viscosity of the starch showed ability of samples to make a
viscous paste or gel after cooking and cooling. As shown in
Table 1, sago starch had the most glutinous paste; while arenga
samples exhibited the most aqueous paste.
The starting point of granules breakdown was measured from the
temperature and time, where the peak started to occur. The
present study revealed that sago and tapioca starches have a more
vulnerable granules compared to those of wheat and corn
starches. This has given rise to a lower peak temperature of sago
starch. Peak temperature of wheat and corn starches were similar
at 95oC, but the time of peak of corn starch to occur at 5.48 min,
earlier than that of wheat starch at 6.34 min. This was probably
related to the lipid content of the samples, where wheat contained
more lipid than corn. The assumption was that there was a
complex between amylose and lipid, in which it would reduce
the water binding capacity, the swelling, solubilization of the
wheat starch, resulted in a delay of peak time [18].
The increase of viscosity rate of the RVA curves reflected the
homogeneity of the granules. The results of this study indicated
that wheat and corn starches had less rates in viscosity increase.
Their granules might have swollen over a wider range of
temperatures, reflecting that a less homogenous distribution of
granules. Meanwhile, sago starch which had a higher viscosity
rate indicated a less heterogeneous distribution of granules.
The fragility of the granules to swell during shearing and mixing
process might be measured in its breakdown rate. The
breakdown was difference between the peak and the lowest
viscosity reached during the holding stage. The increase and
decrease rate of the paste viscosity would rely on the type and
amount of starch, temperature gradient, shear force and
composition of the mixture [24], [25].
When the temperature was held constant at 95oC for about 2.5
min, the starches showed a high peak, followed by a high
swelling power. This had resulted in an easier rupture of the
granules and gave a rapid decrease in viscosity [18]. As shown
in Table 1, a higher breakdown rate of sago starch indicated a
less stable paste, compared to that of wheat and corn starches.
Therefore, a chemical modification, such as cross linking, may
be needed if sago starch was to be applied into food formulation
that require a hot stable paste, such as sterilization or canning.
The resistance of starch to mechanical breakdown may be
improved through cross-linking modification
A continues temperature increase after the peak would further
disintegrate the swollen granules. This would contain exuded
amylose, granules fragments, colloid and molecularly dispersed
starch molecules [26].
Last phase of the curve, as the cooling stage, was when the
granules were cooled and retrogradation took place. As shown in
Figure 1, retrogradation occurred after cooling from 95 to 50oC.
During retrogradation, there was an increase in viscosity, which
was most likely due to the amalgamation of the fragmented and
dispersed granules molecules. Sago starch gave a higher rate,
compared to other starches. When the temperature was held
constant at 50oC for another 2 min, there was an increase of
viscosity of all starch samples. This might be due to the
formation of a cohesive network during retrogradation stage.
A review by Balet et al [18] revealed that measuring the pasting
characteristics of starch with RVA has several advantages over
the amylograph, i.e. easiness and versatility to operate, small
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sample size (4 g compared to 65 g); flexibility in setting the
temperature profile; and the ability to directly record data in a
computer system.
IV. CONCLUSION
Gelatinization temperature, endothermic energy, and profile of
RVA pasting properties of several starch samples showed that
sago starch sample exhibited a less gelatinization temperature
range, compared to that of wheat and tapioca, but it was higher
than that of corn. Sago starch had the highest endothermic
energy of gelatinization. From the RVA pasting profile, sago
starch had the highest peak viscosity amongst the starches
studied.
Several pasting characteristics of the sago starch may be useful
for certain application in food formulation. In this regard, such
properties as higher viscosity may be appropriate for thickener
and fruit pie filling. On the other hand, vulnerability of sago
starch granules during shearing and mixing at hot temperature
may need to be modified, if this starch was to be applied in the
products such as canned and sterilized foods. Obviously, a more
detailed study is needed to confirm the appropriateness of this
starch for the future application.
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