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Abstract: It is well known that property differences in sago starch can arise due to such factors as sago variety, 

production area, cultivation environment, and purity level. With this in mind, the objective of this research was 

to compare a total of nine types of sago starch, including sago starches sold in Indonesia and sago starches 

imported to Japan from Indonesia. A focus was also put on gluten-free, which is receiving much attention 

nowadays, and the development of gluten-free pasta made with sago starches imported to Japan was attempted. 

Nine varieties of sago starch produced in Indonesia were used in the property comparison of various commercial 

sago starches. Their viscosities at a starch concentration of 7.5%, and the physical properties of starch gels kept 

at 5℃ for two hours, were compared. For production of the gluten-free pasta using sago starch, first a gel with 

18% starch concentration was made using 15g sago starch and 80g distilled water heated in a saucepan. Then, 

40g of the gel, 54g of corn flour, 1g of xanthan gum, and 2g of olive oil were kneaded together, and pasta dough 

was prepared. With the aim of suppressing retrogradation, 3%, 5%, and 7%, of the sago starch was substituted 

with two types of modified starch (hydroxypropylated tapioca starch (HP), and acetylated distarch phosphate and 

enzyme-treated starch (APE)). Creep meter (breaking strength test) and sensory evaluation tests were used for 

analysis. Results obtained were: 1) The nine Indonesian sago starches showed remarkable differences in quality, 

in their viscosities, and in the physical properties of their gels. 2) Non-cooked pasta substituted with modified 

starch (HP and APE), showed a tendency to be softer than pasta made with sago starch, but after boiling, the 

hardness of the pastas was similar. 3) 15 minutes after boiling, the hardness of the sago pasta roughly doubled. 

However, when 5%, or 7%, of the sago starch was replaced with the two types of modified starch, a tendency for 

the increase in hardness to be suppressed was seen, meaning, retrogradation suppression could be confirmed. 
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oxidized starch and is used as dusting flour for 

noodles and other similar foodstuffs. One of the main 

reasons for limited usage of sago starch in Japan is 

because its quality lacks stability, due to the fact that 

the quality of sago starch differs depending on sago 

variety, production area, cultivation environment, 

purity level, and a number of other reasons. 

With this in mind, the qualities of a total of nine 

Introduction 

Sago starch accumulates in the trunk of the sago 

palm, a plant native to wetland areas of countries such 

as Indonesia and Malaysia. The amount of sago starch 

imported to Japan is 17,281t per year, with 15,877t 

being imported from Malaysia, and 1,404t from 

Indonesia (Finance Ministry Trade Statistics of Japan 

2022). Most imported sago starch is modified into 
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Indonesia), No.8 (Imported to Japan – Riau, Sumatra, 

Indonesia), No.9 (Imported to Japan – Sarawak, 

Indonesia). Sago starch No.9 was washed in a 

laboratory with distilled water to remove any 

impurities. 

 

2. Comparison of the qualities of each commercial  

    sago starch 

1) Viscosity measurements when heating and cooling 

Viscosity of starch suspension at a 7.5% 

concentration was measured using a rapid visco 

analyser (RVA-4800, Perkin Elmer Co., Ltd.). For 

heating and cooling measurements, a start temperature 

of 50℃ was kept for one minute, and then heated at 

5.6℃ per minute until a maximum temperature of 

95℃ was reached. After being kept at 95℃ for two 

minutes, the temperature was lowered at the same rate 

of 5.6℃ per minute, until 50 ℃ was reached. The 

above measurements were conducted by the Tokyo 

Metropolitan Industrial Technology Research 

Institute. 

2) Starch gel texture measurements 

A starch sol made with 7.5% sago starch 

concentration was heated in an aluminum saucepan 

with a diameter of 15cm, and a height of 8cm, over a 

medium flame for one minute, and then inserted into a 

4cm diameter, 1.5cm deep stainless-steel petri dish 

used for measuring physical properties, that was 

wrapped in drafting tape. The starch gel was left at 

room temperature for 30 minutes, and then kept at a 

temperature of 5℃ for two hours. 

After that, the physical properties of the gel were 

measured by Texture Profile Analysis (TPA) using a 

creep meter (RE-3305, Yamaden Co., Ltd.), with each 

sample measured eight to ten times. A 20mm 

diameter plastic cylindrical plunge, a clearance of 

5mm (strain rate 66.6%), the double compression 

method, and a speed of 1mm/s were used to determine 

firmness, adhesiveness and cohesiveness. For 

measurements, the drafting tape was removed and the 

excess gel that was located above the rim, cut by 

piano wire, was used. 

different sago starches, some of which are sold in 

Indonesia, and some of which are Indonesian imports 

sold in Japan, were examined, and the effect their 

qualities had on their potential usages was 

investigated. 

In order to further increase the usage of sago starch, 

it was decided to focus on the increasingly popular 

concept of ‘gluten-free’, as a strategy for adding more 

value to sago starch as a food source. In recent years, 

the number of people favoring gluten-free foodstuffs 

is increasing, due to allergy to wheat, for general 

health, and for other reasons. It was thought that, by 

including sago starch in a daily-use foodstuff, and if 

that foodstuff were considered highly palatable, then 

the potential usage of sago starch could be expanded. 

Taking the above into account, an attempt to develop 

a gluten-free pasta that utilized sago starch was made. 

The authors have previously reported about gluten-

free sago pasta in The Society of Sago Palm Studies 

2020. The conclusion of that research was; by 

converting sago starch into a gel, and mixing it with 

sub-ingredients like xanthan gum and corn flour, then 

a pasta with a similar appearance and texture to that 

made using durum semolina flour could be obtained 

(Kondo et al., 2020). In this report, an improved pasta 

with further usability was attempted. The pasta 

utilized a highly palatable ingredient ratio, and 

modified tapioca starch, which has the effect of 

suppressing retrogradation. The results of the attempt 

are elucidated on below. 

 

Materials and Methods 

1. Nine types of sago starch 

Nine types of sago starch (No.1~9) produced in 

Indonesia were used. The details of the nine types are 

as follows: No.1 (Sorong, Southwest Papua, 

Indonesia), No.2 (Palopo, South Sulawesi, Indonesia), 

No.3 (Palopo, South Sulawesi, Indonesia) No.4 

(Kendari, Southeast Sulawesi, Indonesia), No.5 

(Bought in Jakarta, Indonesia, production region 

unknown), No.6 (Bought in Jakarta, Indonesia, 

production region unknown), No.7 (Papua, 

T. Kondo et al.
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pasta with a 2.5mm diameter by 30 cm length. For 

boiling, 5cm of the processed pasta was cut and added 

to 1L of distilled boiling water and was then boiled 

for one minute. 

3) Breaking strength test 

The physical properties of pasta were measured by 

performing a breaking test using a creep meter. (RE-

3305, Yamaden Co., Ltd.) The test was performed 

twice, directly after the pasta was processed, and 

15minutes after the pasta was processed. A wedge-

type plunger was used, and 36-69 measurements at a 

compression rate of 1mm per second were performed 

on each sample. Each measurement was performed 

after lightly wiping the boiled pasta with a paper 

towel (Nippon Paper Crecia Co., Ltd.). 

4) Sensory Evaluation 

Sensory evaluation was performed on the sago 

starch pasta, HP 5% substituted pasta, and APE 5% 

substituted pasta. A seven-step scoring method was 

used, and the parameters of relative strength and 

palatability were tested. For the overall evaluation, 

palatability of the pasta with a tomato-based meat 

sauce (Nisshin Seifun Welna Inc.) applied was also 

examined. The panel consisted of 12 members; 

students from Kyoritsu Women’s University and 

cooking researchers. 

 

Results & Discussion 

1. Comparison of the physical properties of the  

    various types of commercial starch 

1) Changes in viscosity during heating and cooling 

Fig.1 shows the viscosity of 7.5% concentration 

starch samples during hearing and cooling. 

For viscosity rising temperatures, No.5 and No.6 

showed the lowest figures temperatures, at 64.6℃ 

and 65.6℃, respectively. Other starches showed 

temperatures between 70.5 to 73.6℃. In terms of 

maximum viscosity, No.3 had the lowest result at 7 

RVU, and even when cooling at 50 ℃ it showed a 

low viscosity of 4 RVU. It was thought that this 

might be because it was a modified starch. There 

was a wide variety in the maximum viscosity of 

Then the gel was inserted into a glass petri dish 

with a diameter of 3.3cm and a depth of 1cm, and 

photographed and observed after it was kept at room 

temperature for 30 minutes, and after it was kept at a 

temperature of 5℃ for two hours. 

 

3. Examination of gluten-free sago starch pasta 

1) Materials 

Out of the nine types of sago starch mentioned 

previously, it was decided to use sago starch No.8 

(T.Akiyama & Co., made in Indonesia), which is 

imported to Japan, for the gluten-free sago starch. 

Other ingredients included; corn flour (Tomizawa 

Shouten Inc.), xanthan gum (Fujifilm Wako Pure 

Chemical Corporation), and olive oil (The Nisshin 

Oillio Group, Ltd.), with the aim of suppressing 

retrogradation, two types of modified tapioca starch 

(hydroxypropylated tapioca starch (hereafter referred 

to as ‘HP’) and acetylated distarch phosphate and 

enzyme treated starch (hereafter referred to as 

‘APE’)) (Glico Nutrition Co., Ltd.) were used. 

2) Pasta preparation method 

Sago starch pasta was prepared using the following 

method: First, 15g of modified starch was mixed with 

sago starch (with a replacement rate of 3%, 5%, and 

7%) in a 15cm diameter, 8cm deep aluminum 

saucepan. Then 80g of distilled water was added, and 

the mixture was heated and stirred for one and a half 

minutes, making a gel with a starch concentration of 

18%. Then, 54g of corn flour and 1g of xanthan gum 

were added to 40g of the processed starch gel (at 

approximately 75℃),and the mixture was kneaded by 

hand for four minutes. Following that, 2g of olive oil 

was added, and the mixture was kneaded for a further 

four minutes, thus completing the pasta dough. 

For the pasta containing durum wheat flour (the 

control), 1.5g of salt was mixed with 100g of durum 

wheat flour, 40g of distilled water was added, and the 

mixture was kneaded for 15 minutes. After that, the 

dough was allowed to sit for 40 minutes. 

Using a pasta -making machine (Sanyo Electric 

Co., Ltd. NM-G1) the processed dough was cut into 

Properties of Various Commercial Sago Starches and Gluten-Free Pasta Using Sago Starch
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during heating and cooling, highlighting remarkable 

differences in their qualities. 

2) Gel observation after gelatinization and after two  

    hours cooling 

Fig.2 shows gel photos 30 minutes after 

gelatinization, and after storing for two hours at 5℃. 

Clear variations in color and transparency were 

observed among the nine sago starch types. 

The gel of starch No.9, which had the highest 

maximum viscosity in the viscosity measurements, had 

a high level of transparency after gelatinization but 

after being cooled for two hours at 5℃ the gel become 

cloudy. As the viscosity curves showed, the viscosity 

of the gel was high after cooling at 50℃, and it was 

considered to be a starch that underwent retrogradation 

rapidly. Starch samples No.5 and No.6, which had low 

viscosity rising temperatures and high maximum 

viscosities, remained transparent after gelatinization 

and after two hours of cooling, hinting that gels that 

have gelatinized fully are resistant to retrogradation. 

Starch samples No.2 and No.4 turned out to be the 

brownest among all the samples, and foreign 

substances could be observed with the naked eye. 

3)Physical properties of starch gels after refrigeration 

Fig.3 shows the physical properties of gels with a 

starch concentration of 7.5%. All samples were 

displayed and sold as sago starch, but, as with the 

other starches, with their results coming between 103 

RVU to 232 RVU. Sample No.1, which had the 

lowest viscosity, had half the RVU of No.5, which 

had the highest. 

Sample No.9, which was imported to Japan, was 

washed with distilled water in a laboratory a number 

of times, but it still showed a similar maximum 

viscosity to No.5, which had the highest viscosity of 

all samples tested. Starch No.5 was purchased at a 

market in Jakarta. Starch No.9 also showed the 

highest viscosity out of all samples when cooling at 

50℃. 

The nine varieties of sago starch produced in 

Indonesia showed various changes in their viscosities 

T. Kondo et al.

 
Fig 1.   Viscosity curves of various sago starches 

Fig 2.  Photographs of gel after leaving the gelatinized sol at room temperature for 30 minutes and at 5℃ for 2 hours
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Fig 3.  Physical properties of various sago starch gels 

Fig 4.  Change in physical properties of pasta made with sago starch over time

a-e: Letters show significant difference in the level of physical properties (p<0.05).

difference in the level of physical properties (p<0.05)
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with durum semolina flour (the control), sago starch 

pasta, and also 3% HP or APE substituted pasta, all 

had significant increases in terms of hardness after 

being left to stand for 15 minutes. The sago pasta was 

especially hard, showing double the hardness 15 

minutes after boiling to directly after boiling. On the 

other hand, it was found that 5% or 7% HP or APE 

substituted pasta could significantly suppress the 

increase in hardness. Also, the 5% HP substituted 

pasta was unique with its significantly low value 

strain rate values. 

The above result shows that the addition of 

modified starch to sago pasta has the effect of 

suppressing retrogradation. 

2) Sensory evaluation of sago pasta 

Fig.5 shows sensory evaluation results for three 

types of pasta samples - sago pasta, 5% HP 

substituted pasta, and 5% APE substituted pasta - 15 

minutes after boiling. 

Regarding the relative strength evaluation, there 

was a significant difference in the hardness parameter, 

and the APE substituted pasta, which contained 

modified starch, was evaluated to be softer than sago 

pasta. In palatability evaluation, no significant 

difference between the samples was found. Due to the 

fact that there was no difference in taste preference 

after the samples were left to stand for 15 minutes, it 

variances in viscosity, the nine sago starches had clear 

discrepancies in their physical properties. 

No.5, No. 6, No.8, and No.9, all showed high 

viscosities when cooled to 50℃, as is clear in the 

viscosity measurements shown in Fig.2, but No.8 and 

No.9 had high cohesiveness and hard physical 

properties. On the other hand, No.5 and No.6 had high 

cohesiveness, but their hardness was the lowest 

amongst all the samples. It was thought that this was 

connected to the fact that No.5 and No.6 had low 

viscosity rising temperatures and high maximum 

viscosity. Sample No.3 showed the lowest viscosity in 

the viscosity measurements, but its hardness and 

adhesiveness were high, and in terms of cohesiveness 

it had the lowest value among all samples. 

2. Examination of gluten-free pasta using sago starch 

1) Physical properties of sago pasta 

Fig.4 shows the rupture stress and strain rate of 

sago starch pasta immediately after boiling and 15 

minutes after boiling. 

Rupture stress indicates hardness, and strain rate 

shows what percentage of the sample is compressed 

before breaking. It is thought that, the higher the 

strain rate, the more resistant the sample is to 

breaking, and thus, the chewier and softer a texture 

the sample has. 

In terms of rupture stress (hardness), pasta made 

T. Kondo et al.

Fig 5.  Sensory evaluation of sago pasta (After 15 minutes of boilling).
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was thought that the addition of modified starch had 

no impact on taste preference and that the two types 

of modified starch can be used more in the future. 

Thus, it was suggested that, as long it contains few 

foreign substances, sago starch can be used in the 

production of foodstuffs such as sago pasta. 

 

Conclusions 

1) The nine types of sago starch from Indonesia, had 

variances in their viscosities and gel properties, and 

the discrepancies in their quality was remarkable. 

Although sago starch is a raw starch, there are sago 

starches that have similar physical properties to 

modified starches, meaning efforts in quality 

improvement and labelling method are necessary. 

2) The gels for samples No.5 and No.6, which, in 

viscosity measurements had a low viscosity rise 

starting temperature and high maximum viscosity, 

were soft, did not become cloudy after refrigeration, 

and were slow to retrograde. 

3) Sago pasta left to stand for 15 minutes after boiling 

doubled in hardness, but pasta with 5% or 7% of its 

starch replaced with either of the two types of 

modified starch tended to show a suppression in 

hardness, meaning the effect of modified starch 

addition was recognized. 

4) There were discrepancies in the quality of the sago 

starches, but the potential of sago starch for use in 

gluten free pasta was apparent. In the future, it is 

hoped that sago starch quality will be improved and 

stabilized, and that this will lead the way to its usage 

in a wide variety of foodstuffs. 
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