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Abstract 

The sago palm stored a native starch between the trunk fiber gap. The trunk needed to be 

crushed into a fine size using a mechanical system. In general, the grated sago size affects 

the extraction efficiency, which depends on sago starch that dissolved in water during an 

extraction process. Therefore, the aim of this study was to determine the effect of grated 

sago sizes on starch recovery at different steeping periods and trunk sections. The sago 

trunks used were selected at three palm section (Top, Middle and Bottom). After the 

grating process using Sago Grater, the grated sago was dried and sieved at different sizes 

(2.80 mm, 2.00 mm, 1.00 mm, 0.85 mm, 0.45 mm and 0.30 mm). Furthermore, the grated 

sago with different sizes was steeped in sodium metabisulphite (Na2S2O5) at different 

periods (5 mins, 24 hrs, 48 hrs and 72 hrs) for starch extraction. The results showed that 

the independent variables of grated size most significantly affected starch recovery 

(P<0.05). A substantial amount of starch could be recovered from grated sago by reducing 

the grated size at X<0.30 mm which was up to 58% of the extraction efficiency. The 

increment of the steeping period from 5 mins up to 24 hrs increased the starch recovery; 

however, a longer steeping period showed an insignificant difference (P>0.05). 

Additionally, the trunk selection also affects the starch recovery, however, it does not 

influence the extraction efficiency. 

1. Introduction 

In Malaysia, more than 90.0% of sago planting areas 

are in Sarawak state since most of the state areas were 

covered by wetland that is very suitable for sago 

cultivation and it has become one of the important 

industries. Nowadays, Malaysia has become the third 

main sago producer in the world (Naim et al., 2016). 

Previously, the Malaysia Department of Statistics (2005) 

reported that Malaysia exported 45,300 metric tons 

weight of sago starch, approximately RM 40.40 million. 

In 2017, there was an increment in the annual sago 

production to 212,447 metric tons of sago starch (DOA, 

2017), estimated to be equivalent to RM 189.47 million. 

This indicates that the increase of production was due to 

the increase of current demand which is in line with the 

growth of starch utilization in manufacturing industry 

applications. Furthermore, even though the source of 

starch from sago was optional, sago starch is 

advantageous because it contains four times greater 

starch content than rice (Yamamoto, 2014). Starch is an 

important raw material for the processing operations in 

the manufacturing industries such as agro industries, 

biopesticides, bio-ethanols, cosmetics, and 

pharmaceutical industry (Bintoro, 2011). In addition, its 

microbial resistant ability is advantageous as additional 

material in the production of biodegradable material in 

packaging technology. However, it has low durability in 

a single form. Therefore, it is essential to blend it with 

additional material to produce long-lasting and durable 

composite material (Yajie et al., 2020). 

Nowadays, in the sago palm industry processing 

method, both in traditional or modern handling, the sago 

processing procedures remain the same. Briefly, it 

involves peeling, size reduction, grating, extraction and 

sedimentation. Before the processing begins, usually the 

trunk barks need to be removed or peeled manually using 

axes and then grated using sharp nails. During the 

grating process, water is added continuously to the 

grated trunks in order to transfer them to a rotating mesh 

screener that functions as an extractor. The extracted 

water solution from the grated trunk contains starch that 

is channeled to the sedimentation tank. After two hours, 
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the starch will settle down at the bottom of the tank and 

the excess water on the top layer inside the tank is 

removed (Yamamoto, 2014; Darma et al., 2017). 

According to Abd Aziz (2002), 65.7% of the grated 

residue after the extraction process contained starch. 

Linggang et al. (2012) also stated that about 58% of the 

residue was recorded still contained starch. Since the 

residue is mostly dumped into the river, using the total 

loss rate (assuming about 65.7%), it was estimated about 

406,932 metric tons of sago starch is wasted based on the 

total sago production reported by DOA (2017). The 

losses occur due to the inefficiency of the extraction 

process. One of the factors that influence the extraction 

efficiency is the proportion of the sago trunk structure 

that ruptured which is producing various of grated sago 

size (Tay et al., 2013). The native sago starch extraction 

is different from roots and cereals as it is more 

complicated. The mean diameter of native sago starch 

granule was 29.4 µm (Kaur et al., 2011) and stored in the 

parenchyma cells of the coarse vascular bundles that 

contain a high amount of lignin. The lignins had 

important roles in the lodging resistance (Hu et al., 

2017). Furthermore, the native starch granules also fill 

up the empty spaces between the lignins and bond the 

lignins together. As a result, the separation of sago native 

starch from the trunk is a challenge. Therefore, the size 

of the grated sago trunk plays an important factor to 

increase extraction efficiency and high recovery. 

The purpose of this study was to determine the effect 

of various grated sago sizes on the starch recovery 

during the extraction from sago palm at different 

steeping periods. Furthermore, this study also evaluated 

the effect of sago trunk at different sections (Top, Middle 

and Bottom) to the grated size and starch yield. 

 

2. Materials and methods 

2.1 Raw material selection 

The selection of sago palm for the assessment is 

based on the tree’s maturity stage, which contains the 

maximum starch content. As reported by Jong (1995a), 

the stage was between growing and flowering. The sago 

palms were harvested at Labu in the State of Negeri 

Sembilan. After harvesting, the sago palm trunks were 

categorized into three sections: Top (T: 1 m from frond 

base), Middle (M: between 5 m to 6 m from the ground 

surface) and Bottom (B: up to 1 meter from the ground 

surface) as shown in Figure 1. Each identified section of 

sago trunk was cut into 50 cm length. The trunk barks 

were peeled off using handheld chainsaws (OG6816, 

Ogawa, Japan) and cut into square blocks of 10 cm × 10 

cm × 10 cm. The lignin orientation direction (the sago 

palm lignin orientation was parallel to the trunk’s 

vertical axis) was marked as an arrow. 

2.2 Raw material grating process 

The purpose of the grating process was to break the 

trunk structures into a finer size in order to remove or 

loosen the native starch from the trunk structures. The 

grating process of sago trunk block was conducted using 

a Sago Grater with the grating direction being parallel to 

the vertical axis of the sago trunk lignin orientation. 

According to the report by Wan Mohd Fariz et al. 

(2018), grating at the parallel direction to the vertical 

axis of sago trunk lignin orientation produced finer 

grated trunk and higher starch yield recovery compared 

to the perpendicular direction. Therefore, the sago blocks 

were placed on the feeding platform in a position where 

the sago trunk lignin orientation (arrow mark) pointed to 

the grater blade direction as previously done by Wan 

Mohd Fariz et al. (2018). The grating process was 

carried out and the repeated six times for each sago block 

section. The grated sago trunk blocks from each section 

(T, M and B) were collected separately. 

2.3 Assessment of grated sago size distribution  

The sieving process was conducted to separate the 

grated sago particles according to size. First, the grated 

sago was dried at 68°C (Jong,1995a) using an air-drying 

oven (FAC-100, Protech, Malaysia). The drying process 

was stopped when the moisture content (MC) value 

showed a constant value for three consecutive readings 

taken at every half an hour. After drying, 100 g of dried 

grated sago was sieved using a sieve shaker (Endecott, 

United Kingdom). At every 10 mins interval of the 

sieving process, the total weight of the sieve and content 

were measured. The sieving process was stopped when 

three consecutive readings of the total weight showed a 

constant value (ASTM, 2001). Referring to the grated 

sago distribution assessment by Wan Mohd Fariz et al. 

(2018), the selected grade of sieved sizes used were 2.80 

mm, 2.00 mm, 1.00 mm, 0.85 mm, 0.45 mm and 0.30 

mm. The sieving process was repeated six times to get an 

average (µ) and standard deviation (SD: ±). The weight 

for each sieve product according to the grade of sieved 
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Figure 1. Sago palm trees section (Wan Mohd Fariz et al., 

2018) 
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sizes was recorded. Finally, the Weight Percentage 

Ratios (WPR) for each sieve product were calculated 

(equation 1). Additionally, the MC of the grated sago 

before and after drying were measured using digital 

measuring devices (HE53 230V, Mettler Toledo, USA). 

2.4 Starch extraction using steeping method 

The steeping method used water as solvent in order 

to extract the native starch. Dried grated material (sago 

trunk) of 2 g according to the grade sizes (2.80 mm, 2.00 

mm, 1.00 mm, 0.85 mm, 0.45 mm, 0.30 mm and <0.30 

mm) were steeped in 0.2% sodium metabisulphite 

(Na2S2O5) (Tay et al., 2013) which was dissolved in 

water (H2O) at room temperature as shown in Figure 2. 

The steeping period was set at 5 mins, 24 hrs, 48 hrs and 

72 hrs. The ratio of dried grated material to the steeping 

solution was 1:6 (w/w). The extracted liquids were 

centrifuged at 2000 rpm for 10 mins and analyzed to 

determine the value of starch content using VIS 

spectrophotometer (Lambda 35, Perkin Elmer, USA) at 

650 nm wavelength. An iodine solution was added into 

the solution as a starch indicator (Tay et al., 2013). The 

experiments were repeated six times. The starch recovery 

percentage at different grated sizes was calculated 

(equation 2). 

2.5 Chemical composition and extraction efficiency 

A dry grated sago trunk (sample: T, M and B) was 

subjected to chemical determination for total starch 

according to AACC 76-13.01 (2000) method by using a 

kit by Megazyme International Ireland Ltd (AACC, 

2000). The experiments were repeated six times. In 

addition, the extraction steeping method efficiency was 

calculated using equation 3. 

2.6 Data analysis 

The statistical data and variance analysis (ANOVA) 

were analyzed using IBM SPSS Statistics 25.0 software 

to test the main effects of independent and interaction 

parameters. The significant difference was measured at a 

confidence level of 95% (P<0.05). 

 

3. Results and discussion 

3.1 Grated sago size distribution assessment produced 

by grating machine 

The determination of moisture content (MC) on the 

material to be grated was important because it affects the 

trunk toughness which in turn influenced the grating 

capability. As the MC of wood increased, the ductility 

eventually increased. Furthermore, higher MC increased 

the specific toughness (Oyedeji et al., 2017). Figure 3 

shows the MC of sago trunk according to sections (T, M 

and B). The average MC between the sago trunks 

sections (T, M, B) showed an insignificant difference in 

values (p>0.05), ranging between 51.23 to 62.34% 

(µ=59.00±4.21). Therefore, the MC factor may not affect 

the trunk toughness at the different palm trunk sections 

(T, M, B) for this study. In addition, according to the 

report by Yamada et al. (2010), the MC of sago trunk 

was lower than that oil palm trunk which was 78%, 75% 

and 67% (µ=74.00±4.58%) with a percentage difference 

of 20.27% (P<0.05). Furthermore, the sago trunk (palm 

type) MC is extremely high compared to ordinary wood 

timber which normally ranges between 40% to 50% as 

stated by Yamada et al. (2010).  

Determination of grated sago distribution was 

conducted according to sizes: X<0.30 mm, 0.30≤X<0.45 

mm, 0.45≤X<0.85 mm, 0.85≤ X<1.00 mm, 1.00≤X<2.00 

mm, 2.00≤X<2.80 mm and X≥2.80 mm, where X refers 

to the grated sago size range. In order to perform the 

sieving process, the grated sago needed to be dried as 

high MC affected the efficiency of the sieving process, 

causing the material to clump together during the sieving 

process. The results showed that the average MC of dried 

grated sago for each trunk section (T, M, B) ranged 
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(1) 

Figure 2. Grated sago (2.80 mm, 2.00 mm, 1.00 mm, 0.85 

mm, 0.45 mm 0.30 mm and <0.30 mm) was soaking in 

0.2% of Na2S2O5 and dissolved in H2O. 

Figure 3. The moisture content (MC%) of sago trunk at Top 

(T), Middle (M) and Bottom (B) sections. Error bars were 

expressed as mean ± SD; n = 12  
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between 5.18% to 6.11% with an average of 

5.53±0.44%, which is close to the value reported by Wan 

Mohd Fariz et al. (2018) (5.15±0.37%; p>0.05). Figure 4 

shows the WPR of grated sago at different sizes (mm). 

The error bars referred to the standard deviation (±) for 

each average data of WPR. The mesh sizes of X<0.30 

mm, 0.30≤X<0.45 mm, 0.85≤X<1.00 mm, 2.00≤X<2.80 

mm and X≥2.80 mm showed that the WPR was less than 

12%, while the mesh size of 0.45≤X<0.85 mm showed 

that the WPR value ranged between 28 to 32%. The 

highest WPR was recorded at mesh size of 1.00≤X<2.00 

mm, which ranged between 25 to 35%. Cumulatively, 

the X<1.00 mm (initial assumption as finer grated sago) 

showed that the highest total WPR was produced by the 

top section of the trunk (61.36%), followed by the 

middle and bottom sections at 52.06% and 51.76% 

respectively and a significant difference (P<0.05) 

between the trunk sections. This might be due to the 

different hardness of each trunk sections. Naturally, the 

upper section of the tree trunk is softer than the bottom. 

Based on a study, the tree trunk hardness was inversely 

proportional to the tree height (Matsuoka, 2008.). 

Furthermore, the grated sago size barplot (Figure 4) 

showed the similar size distribution when the sago block 

fiber was grated parallel to the direction of the roller 

grater teeth during the grating process as reported by 

Wan Mohd Fariz et al. (2018). 

3.2 Native starch extraction using steeping method 

according to grated sago size 

Producing finer grated sago is important to increase 

the starch dissolve percentage during an extraction 

process (Wan Mohd Fariz et al. 2018). Finally, yet 

importantly, an increase of pulp particle size resulted in a 

decrease in the starch extraction efficiency since the pulp 

has a complex structure (Saengchana, 2015). Therefore, 

a study was conducted to identify the optimal grated 

sago size to obtain high extracted native starch weight. 

Figure 5, 6 and 7 show the native starch weight (MC: 

10.33±0.55%) extracted from 2 g of dried grated sago 

trunk (T, M and B section) according to sizes (X<0.30, 

0.30 ≤ X< 0.45 mm, 0.45 ≤ X< 0.85 mm, 0.85 ≤ X< 1.00 

mm, 1.00≤ X< 2.00 mm, 2.00 ≤ X <2.80 mm and X ≥ 

2.80 mm) at different steeping period  (5 mins, 24 hrs, 48 

hrs and 72 hrs). The grated sago at the size of X<0.30 

mm showed higher extracted native starch weight (0.71 

g, 0.68 g, 0.67 g; T, M, B) compared to that of the size of 

0.30 ≤ X< 0.45 mm (0.65 g, 0.60 g, 0.59 g; T, M, B) for 

all sections with a significant difference (P<0.05). 

Furthermore, the extracted starch weight at size 0.30 ≤ 

X< 0.45 mm also showed a significant difference 

(P<0.05) compared to that of 0.45 ≤ X< 0.85 mm (up to 

0.59 g; all sections) for the top section but with no 

observed significant difference (P>0.05) for the middle 

and bottom. The size from 0.45≤X<0.85 mm to 

1.00≤X<2.00 mm did not show significant differences 

(P>0.05) of extracted starch weight (ranging between 

0.55 to 0.59 g) between sizes and sections. To further 

elaborate, at size 1.00≤ X<2.00 mm and 2.00≤X<2.80 

mm, based on observed showed no significant difference 

(P>0.05) of extracted starch weight for T and M section 

but observed otherwise for B trunk section (P<0.05). 

Meanwhile, there was a significant difference (P<0.05) 

in extracted starch weight between size 2.00≤X<2.80 

mm and X≥2.80 mm. Overall, the bar graphs (Figure 5, 6 

and 7) show the same distribution pattern of extracted 

starch weight (g) according to the grated sago size 

produced by the different sections of sago trunk (T, M 

and B) at different steeping period. The extracted starch 

weight showed an inversely proportional pattern to the 

grated sago size: the larger the grated sago size, the less 

native starch weight was recorded. The present study is 

in agreement with Wan Mohd Fariz et al. (2018) in 

which the finer size of grated sago produced higher 

starch recovery compared to rougher size. Furthermore, a 

similar starch extraction study by Tay et al. (2013) stated 

that the increase of the mesh number (sieve mesh size 

decreases) showed a significant increase of starch yield 

due to the larger surface area that allowed more material 

extraction into the steeping solution. Additionally, Mary 

Anupama et al. (2010) also showed that smaller particle 

size has contributed to a larger contact surface area, 

resulting in an increase of starch yield during extraction. 

The statistical analysis data (Table 1) showed that 

the independent parameters (Trunk Section: TS, Grated 

Sago Size: GS and Steeping Period: SP) and their 

interaction parameters (TS*GS, GS*SP and TS*GS*SP) 

significantly affected (P<0.05) the extracted starch 

weight except for the interaction between TS*SP. 

Furthermore, by comparing the F-values, the effect of 

GS parameter on the extracted starch weight was the 

most significant between the independent parameters 

followed by the TS parameters. Meanwhile, TS*GS 

interaction had the highest F-values compared to other 

interactions since both of them had independent 

parameters with the highest F-values. In addition, GS*SP 

and TS*GS*SP interactions showed the lower F-values 

because the interactions between independent parameters 

were lower. 

Although all the independent parameters and some 

of the interactions showed a significant effect on the 

extracted starch weight, the effect was very low when 

compared to the F-values. In other words, it means that 

there were groups of data that had no significant 

difference in values. Therefore, Post Hoc Tests were 

conducted by comparing the values between groups in 

independent parameters, SP and TS. The data of multiple 
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Figure 4. The WPR % of grated sago at different sieve mesh sizes (mm) according to trunk sections (T, M and B). Error bars 

were expressed as mean ± SD; n = 6. 

Figure 5. The extracted native starch weight at the top section (T) of sago trunk palm according to grated sago sizes (mm) at 

different steeping periods (5 mins, 24 hrs, 48 hrs and 72 hrs). Error bars were expressed as mean ± SD; n = 6.  

Figure 6. The extracted native starch weight at the middle section (M) of sago trunk palm according to grated sago sizes (mm) 

at different steeping periods (5 mins, 24 hrs, 48 hrs and 72 hrs). Error bars were expressed as mean ± SD; n = 6.  

Figure 7. The extracted native starch weight at the bottom section (B) of sago trunk palm according to grated sago sizes (mm) 

at different steeping periods (5 mins, 24 hrs, 48 hrs and 72 hrs). Error bars were expressed as mean ± SD; n = 6.  
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comparison between the steeping periods showed that 

only the steeping period of 5 mins had a significant 

difference (P<0.05) compared to other steeping periods 

(24 hrs, 48 hrs, and 72 hrs), showing that there was an 

increase in extracted starch weight when the steeping 

period increased from 5 mins to 24 hrs. However, further 

increase of the steeping period from 24 hrs to 48 hrs and 

72 hrs did not yield a significant difference in the 

extracted starch weight. The extraction reached 

equilibrium beyond 24 hrs because when the steeping 

period was at 24 hrs, most of the loose starch granules in 

the trunk lignin were released (Tay et al., 2013). Another 

possibility could due to the increased slurry viscosity 

since the starch granules were hydrated for a longer 

period, thereby allowing low release of starch (Mistry et 

al., 1992).  

Meanwhile, the data of multiple comparisons 

between the trunk sections showed that the Top section 

had a significant difference (P<0.05) of extracted starch 

weight compared to the other sections. However, the 

Middle and Bottom sections had no significant 

difference of extracted starch weight due to the uneven 

distribution of total starch content along the palm trunk 

as shown in Table 5. The sago starch content distribution 

depends on the palm tree’s maturity as reported by Jong 

(1995b). 

3.3 Extraction efficiency and starch recovery according 

to grated size 

The extraction process of native starch normally 

used water as solvent to extract the starch from fiber 

while the recovery efficiency depends on the grated sago 

sizes. In order to determine the extraction efficiency, it is 

necessary to determine the Total Starch Content (TSC) in 

the fiber (grated sago) using chemical methods. Table 2 

shows the TSC according to the trunk sections and the 

extraction efficiency according to the grated sizes at 

different steeping periods. The TSC showed no 

significant difference between trunk sections (P>0.05), 

ranging between 38.98 to 45.40%. Furthermore, the TSC 

pattern between sections indicates that the palm trees 

matured at stage nine (flowering stage), corresponding to 

12.5 years old as reported by Jong (1995b). The results 

showed that the sago trunk TSC was higher than an oil 

palm trunk (2.12%) by assuming that the fresh input 

material was at MC=74.00±4.58% (Yamada et al., 

2010).  

Furthermore, the results showed that the highest 

efficiency of extraction occurred when the steeping 

periods is 24 hours for grated sago at the size of X<0.30 

mm to all trunk sections  (the extraction efficiency were 

52.87±1.12%, 56.95±0.70% and 58.06±0.47% for T, M 

and B trunk sections respectively). In addition, there was 

no significant difference of extraction efficiency between 

the sections (P>0.05), showing that the selection of the 

sago trunk section did not influence the extraction 

efficiency because the grated sago sizes were the same. 

Moreover, there were slight differences in extraction 

efficiency between the grated sizes of X<0.30 mm and 

0.30≤ X<0.45 mm (P<0.05). At the grated size of 

0.45≤X<0.85 mm, the extraction efficiency began to 

decrease until the size of 0.85≤X<1.00 mm and then 

became constant at 1.00 ≤X<2.00 mm. Furthermore, the 

extraction efficiency continued to decrease until X≥2.80 

mm. This decreasing pattern happened because the 

embedded native starch in smaller fiber size was easy to 

be released. On the contrary, there was a slight increase 

in extraction efficiency between 5 mins and 24-hour 

steeping period (P<0.05) with an average percentage 

difference of 1.80±1.13%. However, when the steeping 

period was further increased from 24 to 72 hrs, the 

increment of extraction efficiency was not significant 

(P>0.05), meaning that the increase of extraction 

efficiency with steeping period was stopped at a rate 

beyond 24 hrs. This observation reflected the starch 

recovery results as stated earlier since the extraction 

efficiency depended on starch recovery weight, showing 

a correlation between extraction efficiency and starch 

recovery. 

The total starch recovery is the total weight of sago 

starch extracted from the grated sago which was a mix of 

various sizes produced by the grating machine. Figure 8 

shows the total starch recovery percentage for T, M and 

B trunk sections at different steeping periods. The result 
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Source DF Mean Square F Value P Value 

Trunk Section 2 0.01 202.28 0 

Grated Size 6 0.13 2367.96 0 

Steeping Period 3 0 22.33 0 

Trunk Section * Grated Size 12 0 53.21 0 

Trunk Section * Steeping Period 6 0 2.56 0.02 

Grated Size * Steeping Period 18 0 2.88 0 

Trunk Section * Grated Size * Steeping Period 36 0 2 0 

Table 1. Summary of ANOVA for mean extracted starch weight using different trunk sections, grated sago sizes and steeping 

periods. 

* Dependent Variable:   Extracted starch weight 
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showed that the total starch recovery was not significant 

(P>0.05) between the steeping period with average 

values of 19.86±0.14%, 19.03±0.08% and 19.03±0.11% 

for T, M and B sections, respectively. The total starch 

recovery was higher than obtained by Wan Mohd Fariz 

et al. (2018) at about 7.73% to 9.5%. However, it was 

slightly lower compared to a prior study by Siti Mazlina 

et al. (2007) (25.76%). The difference might be due to 

the wet grading process, causing an increased percentage 

of ruptured sago trunk structure bonding. Siti Mazlina et 

al. (2007) noted that the starch granules present in the 

sago pith were subsequently released when they were 

ruptured during the grinding process.  

For further comparison, several previous studies 

used wet-base starch as the calculation of starch recovery 

input value. Therefore, the calculated values of starch 

recovery using the wet-base as the input values ranged 

from 24.04% up to 25.15% at MC of 35.80±0.43% 

(starch MC before drying) for the present study. The 

obtained values were in close agreement with Flach 

(1997) and Darma et al. (2014) in which the starch 

recovery ranged from 10 to 25% and 12.43 to 39.89%, 

respectively. Furthermore, Darma et al. (2017) reported 

that their starch recovery ranged from 23 to 27%, 15 to 

25%, 35.45% and 43 to 48%, respectively. The variation 

of starch recovery obtained between the studies might be 

due to different grated sago sizes and extraction 

methods. For the present study, the water extraction 

method was conducted without repetition to ensure 

optimal usage of water. Basically, the conventional sago 

extraction method consumed high amounts of water due 

to the repetition of adding water to grated sago (Jong, 

1995a). Water was added during the extraction process 

as a key element to dissolve and release the starch 

granules from the pith (Kamal et al., 2007). 

 

4. Conclusion 

The result of the study showed that a substantial 

amount of starch could be extracted from the grated sago 

by reducing the grated size to X<0.30 mm, allowing up 

to 58% efficiency of extraction. A smaller size of grated 

sago facilitates the high release of native starch. 
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S
ectio

n
 

Total 
starch 

content  
(%) 

Grated sago 
size 

Steeping period 

5 min 24 hours 48 hours 72 hours 

Starch 
recovery 

(%) 

Efficiency 
(%) 

Starch 
recovery 

(%) 

Efficiency 
(%) 

Starch 
recovery 

(%) 

Efficiency 
(%) 

Starch 
recovery 

(%) 

Efficiency 
(%) 

T
o
p
 

45.4 

X<0.3 23.27 51.26 24.03 52.92 24.38 53.7 24.32 53.58 

0.3≤X<0.45 21.71 47.83 22.52 49.61 22.53 49.63 22.74 50.1 

0.45≤X<0.85 19.59 43.15 19.08 42.03 19 41.86 19.19 42.27 

0.85≤X<1 18.94 41.71 18.94 41.71 19.04 41.93 19.08 42.03 

1≤X<2 18.26 40.23 18.47 40.69 18.79 41.4 18.65 41.08 

2≤X<2.8 17.61 38.79 18.25 40.2 18.32 40.35 18.41 40.54 

X≥2.8 17.05 37.55 17.42 38.38 17.5 38.55 17.42 38.38 

M
id

d
le 

39.83 

X<0.3 22.46 56.37 23.08 57.93 22.69 56.96 22.52 56.54 

0.3≤X<0.45 19.73 49.54 20.29 50.94 19.94 50.07 19.66 49.35 

0.45≤X<0.85 19.29 48.43 19.18 48.15 19.48 48.9 19.49 48.93 

0.85≤X<1 18.69 46.93 18.52 46.49 18.64 46.79 18.98 47.65 

1≤X<2 18.44 46.29 18.61 46.71 18.31 45.96 18.54 46.54 

2≤X<2.8 17.49 43.9 18.01 45.21 18.03 45.27 17.39 43.65 

X≥2.8 16.77 42.1 16.92 42.49 17.38 43.63 16.99 42.66 

B
o

tto
m

 

38.97 

X<0.3 22.37 57.4 22.77 58.42 22.74 58.37 22.62 58.05 

0.3≤X<0.45 19.63 50.37 20.25 51.98 20.12 51.64 20.15 51.72 

0.45≤X<0.85 19.28 49.48 19.45 49.91 19.65 50.42 19.67 50.47 

0.85≤X<1 18.47 47.41 18.83 48.32 18.65 47.86 18.93 48.57 

1≤X<2 18.45 47.35 18.62 47.78 18.46 47.38 18.53 47.55 

2≤X<2.8 17.6 45.17 17.64 45.28 17.8 45.68 17.46 44.8 

X≥2.8 16.81 43.15 17.01 43.66 17.04 43.72 17.19 44.11 

Table 2. Chemical determination of TSC according to trunk sections and extraction efficiency according to grated sizes at 

different steeping periods 

Figure 8. The starch percentage recovery (%) produce by 

grating machine. Error bars were expressed as mean ± SD; 

n = 6. 
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Independent variables such as grated size affected the 

starch recovery the most. Furthermore, in order to 

increase the recovery, it is suggested to increase the 

steeping period up to 24 hrs but further increment of 

steeping period is not necessary. The selection of sago 

trunk also affected the starch recovery, but not the 

extraction efficiency. Lastly, it is believed that further 

development in extraction techniques will improve the 

starch recovery and at the same time minimize the 

extraction period. 
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