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ABSTRACT 

The starch content of sago palm (Metroxylon sagu sp.) is in its trunk. This study was carried out to investigate the 

proper methods to analyse starch from trunking and non-trunking sago palms. Sago palm is also one of the oldest 

tropical plants exploited by man for its stem starch and one of the main starch-producing crops in the world. The 

method used to analyse the starch was by doing the leaf starch granule extraction where starch was extracted and 

observed under the scanning electron microscope. To analyse the glucose content, the boiling starch and 

Bicinchoninic Acid (BCA) assay were used. The iodine test was used to determine the starch content. At 95% 

confidence level, test statistic was 2.3059, which falls in critical regions, the null hypothesis was accepted 

indicate there is no significant different in starch content of trunking and non-trunking sago palm. The size and 

the shape of starch granules also were viewed and determine. For the trunking and non-trunking sago palm trunk, 

the size of starch granules range from 10 μm to 20 μm. While for the trunking and non-trunking sago palm 

leaves, the size of starch granules range from 1 μm to 5 μm. 

Keywords: trunking, non-trunking, starch, morphological, extraction 

 

ABSTRAK 

Kandungan kanji sagu (Metroxylon sagu sp.) adalah di dalam batang. Kajian ini telah dijalankan untuk 

menyiasat kaedah yang betul untuk menganalisis kanji dari penyaluran dan bukan penyaluran pokok sagu. 

Pokok sagu juga merupakan salah satu tumbuhan tropika yang tertua yang dieksploitasi oleh manusia untuk 

kanji batang dan satu tanaman kanji pengeluar utama di dunia. Kaedah yang digunakan untuk menganalisis 

kanji adalah dengan melakukan pengekstrakan kanji granul daun di mana kanji diekstrak dan diperhatikan di 

bawah mikroskop imbasan elektron. Untuk menganalisis kandungan glukosa, pendidihan kanji dan Asid 

Bicinchoninic (BCA) telah digunakan. Ujian iodin telah digunakan untuk menentukan kandungan kanji. Pada 

tahap keyakinan 95%, ujian statistik adalah 2.3059, yang jatuh di kawasan-kawasan yang kritikal, hipotesis nol 

diterima menunjukkan tiada perbezaan yang signifikan dalam kandungan kanji penyaluran dan bukan 

penyaluran pokok sagu. Saiz dan bentuk granul kanji juga telah dilihat dan menentukan. Untuk batang sagu 

penyaluran serta bukan-penyaluran sagu, saiz pelbagai granul kanji daripada 10 μm hingga 20 μm. Manakala 

bagi daun penyaluran dan bukan penyaluran sagu, saiz pelbagai granul kanji dari μm 1 kepada 5 μm. 

Kata kunci: penyaluran, bukan penyaluran, kanji, morfologi, pengekstrakan 
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1.0 INTRODUCTION 

 

Sago palm (Metroxylon spp.) is one of the main starch-producing crops in the world. It is one 

of the few tropical crops which can tolerate wet growing conditions including peat swamps 

(Jong, 1995). Sago palm is also one of the oldest tropical plants exploited by man for its stem 

starch (Mathur et al., 1998). The true sago palm or scientifically called Metroxylon sagu sp. 

naturally grow in Malaysia and this species covers a large area in the state of Sarawak (Karim 

et al., 2008). Since the 1900s, much study has been carried out on sago palm cultivation. The 

Sarawak state government become more concerns with the potential of sago palm, thereby 

Land Custody and Development Authority was involved in rehabilitation of small holdings 

farms in Mukah division and developed three sago plantations namely Mukah Sago Plantation, 

Dalat Sago Plantation and Sebakong Sago Plantation (Karim et al., 2008). 

 

The two primary uses of sago palm are for the production of edible starch and durable 

leaf thatch. Several secondary uses have also been recorded, but these are not comparable in 

economic importance to the primary uses. M. sagu is a staple food crop in the Sepik and Gulf 

provinces of lowland Papua New Guinea, where most of the sago grows in wild, uncultivated 

stands. Among the Asmat of Papua New Guinea, felling of the palm and harvesting of the 

sago starch is accompanied by ritual. In house construction, the leaves of sago are used for 

roof thatch and wall siding, and the wood is also used for floorboards and rafters. In the 

Solomon Islands, the thatch is known to last 5 years or longer (Karim et al., 2008). 
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The decaying trunks of the sago palm are a source of sago palm beetle grubs, an 

excellent source of protein. According to McClatchey et al. (2006) in the other parts of the 

Pacific, M. warburgii and M. amicarumare viewed as emergency food and are rarely or no 

longer eaten by people, although they are used for thatch and animal feed. Various parts of the 

plant are used for traditional medicines, toys, and other miscellaneous items. M. sagu is 

considerably more productive for starch production compared with other Metroxylon species 

(McClatchey et al., 2006). 

 

Starch is the main stored polysaccharide of green plant. Amyloplasts is the place where 

the starch is produced and then the starch is directed to the main storage areas which are the 

seeds, tuber and root.The starch that produced is very stable and acts as a supply of energy and 

carbon for the developing plant. In plants, starch is the main and on the whole plentiful storage 

polysaccharide. Starch is composed of two major polysaccharides which are the amylose and 

amylopectin. 

Starch is a remarkable substance in that it consists of simple polymers of glucose 

organized to form semicrystalline, insoluble granules with an internal lamellar structure 

(Buléon et al., 1998). This granular structure is relevant when considering the mechanism of 

starch degradation, as many glucan-metabolizing enzymes appear to be unable to act upon 

intact granules as a substrate. Most information on the structure of starch comes from studies 

of the starch-storing organs of crop species rather than leaves, but recent work has shown that 

leaf starch is similar in many respects to storage starches (Matheson, 1996; Zeeman et al., 

2002). 
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This study was done to determine starch content in the trunking sago palm and non-

trunking sago palm by using several methods. The analysis was done and compared with the 

sample with non-trunking sago palm. The comparison was done by comparing the structure of 

starch granule between trunking sago palm and non-trunking sago palm therefore conclusion 

is made either the structure of starch granule of trunking sago palm is not same with non-

trunking sago palm. 

 

This analysis of starch from trunking and non-trunking sago palm comprises of three main 

objectives, which are to: 

 extract the starch granule from trunking and non-trunking sago palm leaves and trunk. 

 observe and analyse the extracted starch granule morphological structure from trunking 

and non-trunking sago palm leaves and trunk. 

 determine the starch content in the trunking and non-trunking sago palm. 
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2.0 LITERATURE REVIEW 

 

2.1 Taxonomy of sago palm 

 

Sago palm belongs to the orders Arecales Nakai, family Palmae Jussieu, subfamily 

Calamoideae Griffith, tribe Calameae Drude, subtribe Metroxylinae Blume and genus 

Metroxylon Rottboell (Uhl & Dransfield, 1987). Metroxylon has previously been classified in 

the subfamily Lepidocaroideae (Moore, 1973) but this name has been changed back to 

Calamoideae by Uhl and Dransfield (1987), in agreement with the original classification of 

Griffith (1844). Further to this, Beccari (1918) and Rauwerdink (1986) also attempted to 

classify and distinguished the species of Metroxylon based on the fruit morphology and size 

among other considerations in species and subspecific classifications (Jong, 1995). 

 

Nevertheless, the two more important starch-producing species in the Malaysia and 

Indonesia regions are Metroxylon sagu Rottb. and Metroxylon rumphii Mart., of which the 

latter has spines on the petioles, spathes and even the leaflets (Sastrapradja & Mogea, 1977; 

Flach, 1983). 
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2.2 Starch granule from the leaves 

 

In plants, plentiful of carbohydrate storage are found in the form of starch. These are two types 

of starch that can be found in the plant. These two types starch are classified based on their 

functions which are the storage starch and transitory starch. Storage starch is placed in the 

amyloplast and amasses in the perennation and dispersal organs. The transitory starch is 

produced in the chloroplast during the photosynthesis process which occurs during the day and 

is degraded during the night. These storage starch granules differ to a great extend between 

species in terms of size and shape but are alike in terms of the structure and composition. 

 

The storage starch granules are composed by two different types of glucose polymers 

which are amylose and amylopectin. The starch storage granules are eventually semi-

crystalline which consist of concentric ring of irregular crystalline and amorphous lamellae 

(Trethwey & Smith, 2000). In the transitory starch granule the proportion of amylose to 

amylopectin is lower than storage starch granule. The transitory starch amylopectin has an 

extremely robust polymodal distribution of chain length in extend of 5 – 40 glucose residues. 

This configuration was viewed in spite of the age and growth state of the plant (Trethwey & 

Smith, 2000). According to Grennan (2006), the transitory starch amasses during the day and 

is degraded during the night into glucose and maltose. The degraded starch is then transported 

to the storage organs through the phloem. The storage starch is produced and stored in the 

storage organs. 
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2.3 Trunking sago palm 

 

Trunking sago palm is a normal sago palm with the trunk full with starch at the maturity stage. 

The formation of trunk is mainly associated with the depth of the peat. Normal and good 

conditions of trunking palms were all on shallow peat. Soil of trunking palms area were more 

humidified compare to those in the non-trunking palms area (Wan Sulaiman et al., 2004). The 

soil need to be extra moistened for the trunking palms compared to the non-trunking palms 

founded on the elevated mass compactness and better exhaustion of total nutrient contents. 

 

The extra moistened soil around the trunking palms with elevated mass compactness 

enhances nutrient assimilation by roots owing to the improved soil-root bond. Most of the 

trunking palms were situated closer to the drain on moderately deep peat (Wan Sulaiman et 

al., 2004). 
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2.4 Non-trunking sago palm 

 

The non-trunking sago palm is abnormal sago palm where the growth and development is 

stunted. The non-trunking sago palms were all on deep peat (Wan Sulaiman et al., 2004). 

According to Wan Sulaiman et al., (2004), soils of non-trunking palms are were less 

humidified compare to those in the trunking palms area. The non-trunking sago palm has poor 

growth development, high mortality rate and poor ability to develop trunk (Wan Sulaiman et 

al., 2004). 

 

 

2.5 Life cycle 

 

In Sarawak, Metroxylon sagu is the preferred sago palm to be planted by the local farmers as 

the smooth sheathed and thornless nature of the palm makes it easier to manage. The criteria 

by which sago palms are selected for harvesting are poorly documented. The starch reserves 

are apparently at their maximum just before flowering and fruiting deplete these reserves, but 

scientifically little more is known of the timing of starch build-up (Ruddle et al., 1978). In 

Indonesia and Sarawak, the general belief is that the felling of the sago palm is best carried out 

after flowering but before the fruiting stage (Lim, 1991). 

For the model, a palm cultivar with relatively short growth duration, obtained through 

propagation, by means of suckers, has been chosen. Planting is rather uniform. In this model, 

the ideas of Corner (1966) concerning palm growth have been applied. Palm growth is strictly 

regular. There are as many unfolded leaves visible in the crown as there is developing, still 

folded, within the growing point. The newest leaf, the spear leaf, appears midway between the 
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developing leaves in the growing point and those visible in the crown. Tomlinson (1990) 

doubts that this growth model is valid for all palms. It does apply to the sago palm in the bole-

forming stage, although possibly not as strictly as Corner assumes. Only if the number of 

leaves increases or decreases is the number of developing leaves within the growing point 

larger or smaller than in the visible crown. 

In plants with a terminal inflorescence, flowering starts after a fixed number of leaves 

has been formed. In the case of rice, banana and sisal, for example, this naturally only holds 

within certain limits. The sago palm is assumed to follow this flowering pattern, and the 

duration of the bole growth stage can thus be estimated by counting the number of leaf scars 

on the bole at flower initiation. In our palm, grown under optimum ecological conditions, and 

with uniform planting material, there were 54 leaf scars. At a production rate of one leaf per 

month, this would correspond to a physiological age of 54 months. Deviations from this 

number in other palms might form an interesting research topic. 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Life cycle of a sago palm (Flach & Schuiling &, 1989) 
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In Sarawak, the local farmers have classified the mature sago palms into the following 

five stages (Table 2.1). 

 

Table 2.1 Different physiological growth stages of sago palm (Lim, 1991) 

Growth stage  Palm description  

Plawei Palms that have reached maximum vegetative growth  

Plawei Manit Inflorescence emerging  

Bubul Inflorescence developing  

Angau Muda Flowering  

Angau Tua Fruiting  

 

 

Lim (1991) reported that the maximum starch yield per trunk is at the ‘Angau Muda’ 

stage (flowering stage) and declining at the ‘Angau Tua’ stage. No significant difference in 

starch yield among ‘Plawei Manit’, ‘Bubul’, and ‘Angau Muda’ stages was observed. Hence, 

Lim (1991) concluded that the earliest stage at which a palm can be felled for maximum yield 

would be at ‘Plawei Manit’ stage. 
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2.6 Properties of starch 

 

Sago starch contains 27% amylose (the linear polymer) and 73% amylopectin, the branched 

polymer (Ito et al., 1979). Kawabata et al. (1984), give the amylose content of sago starch as 

21.7%. This may be an indication that it is possible to breed for amylose content. Kawabata et 

al. (1984) found a grain size distribution of 16.0-25.4 mm. According to Jong (1995), he found 

a mean length of almost twice as much, of ca. 40 mm. It is probable that the grain size 

increases with age of the trunk, until initiation of the inflorescence. 

The maximum viscosity amounts to 960 Brabender units, and gelatinization 

temperature is 70 °C. Viscosity decreases with deterioration of the starch quality, owing to 

microbial activity (Cecil, 1986). In the modern starch industry, starches can be modified to 

quite an extent. Provided there is a regular supply of cheap, clean and non-corroded starch, 

sago will be clearly competitive to all other starches, and for some purposes, it may even be 

preferred. 
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3.0 MATERIALS AND METHODS 

 

3.1 Leaf starch granule extraction 

 

The method that used from Vasanthan and Bhatty (1995) to extract starch was done 

and starch was extracted from trunking and non-trunking sago palm leaves and trunks using a 

conventional laboratory procedure. The leaves and trunks were homogenized with distilled 

water (500 ml) in a blender for 5 min. The slurry was passed through double muslin cloth 

(additional water was used to was the residue) and then through double nylon cloth 20 μm. 

The filtrate was adjusted to 0.05M NaOH, stirred for 30 min, and centrifuged at 5500 X g for 

15 min. The starch residue was washed twice with 0.05M NaOH, neutralized, and recovered 

by filtration. The filter cake was washed with distilled water, then washed with 80% ethanol 

and air-dried. 

 

 

3.2 Scanning Electron Microscope 

 

 The starch pellet from starch granule extraction was sprinkled on the double-sided 

adhesive tapes mounted on circular aluminium stubs, coated with titanium using auto-finer 

coater JEOL 1600. The sample was coated with titanium until it was fully dried by observing 

the reading to be 0 and it took about 10 minutes to coat the sample. The sample was examined 

in a JEOL 6390 scanning electron microscope at an accelerating voltage of 10 kV using 

secondary electron detector. 
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3.3 Starch boiling 

 

The method to analyse glucose content in starch is based on Holm et al. (1986). The 

sample of about 75 – 100 mg of pure starch in duplicate was placed into 100 ml beakers. 

Twenty ml of high quality distilled water was added to the sample and stir with a magnetic stir 

bar. 0.1 ml Termamyl heat-stable-amylase was added to the sample and water, and stirred with 

a magnetic stir bar. The beaker with aluminum foil was covered and placed in a 92 – 93 °C 

water bath for 1 hour. The beakers were removed from the water bath and cooled on bench 

about 15 minutes. The samples were filtered through glass wool plugs in funnels into 100 ml 

volumetric flasks. The beakers were rinsed, and the funnels and glass wool, were rinsed 

thoroughly with distilled water. The filtered solutions were brought to volume. The solutions 

were mixed thoroughly through repeated inversion and shaking of capped or stoppered flasks. 

One ml aliquot from each sample was pipetted into individual 50 ml volumetric flasks. 

Eight ml of 0.1 M sodium acetate buffer (pH 4.5) was added to each flask. Fifty µl of 

amyloglucosidase (Sigma, A-3514 from A. niger in ammonium sulfate) was added. The flasks 

were capped with aluminium foil or parafilm. The flasks were gently swirled, and incubated in 

a 60 °C water bath for 30 minutes with gentle swirling in every 10 minutes. The samples were 

brought to volume with high quality distilled water, capped and mixed well by inversion. The 

gelatinized starch was assayed and hydrolyzed sample for glucose to determine starch content. 
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Before analysis for glucose using a spectrophotometric method, the sample must be 

clear, not cloudy or with suspended particles. These will inappropriately increase the 

absorbance. After the sample was brought to its final volume, an aliquot can be centrifuged 

briefly to remove suspended particles. The clear solution can be used for the glucose analysis. 

A reagent blank which includes only water, enzymes and buffer should be carried through the 

assay, analyzed for glucose, and used to make corrections to the sample absorbance values. 

 

3.4 Bicinchoninic Acid (BCA) assay 

 

The method used by Hussain et al. (2003) to analyse reducing end formation released 

by the debranching enzyme activity on different glucan substrates were used. Every sample 

was assayed in triplicate. Samples were diluted with water as required to get the absorption in 

the linear range, and 500 µl of the diluted reaction was added to 500 µl of BCA reagent (0.5 M 

Na2CO3, 0.288 M NaHCO3, and 5 mM sodium bicinchoninic acid [Sigma]) mixed with 12 

mM L-Ser and 5 mM CuSO4·5H2O at a ratio of 1:1. The mixture was incubated at 60 °C for 

30 minutes and then cooled to room temperature. Three aliquots of 200 µl from each assay 

were ordered on a microtiter plate, and samples were read at OD562.  
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3.5 Iodine test 

 To prepare Lugol’s iodine, 10 g of potassium iodine was dissolved in 100 ml of 

distilled water. 5 g of iodine crystals was added slowly while shaking the solution. Then, it 

was filtered before stored inside tightly stoppered brown bottle. 

 0.5 g sago starch was dehulled and ground. The sago starch powder than were mixed 

with 0.5 ml of cold water. While stirring, the slurry was added with 9 ml of gently boiling 

water. The slurry was mixed thoroughly. The gelatinized starch solution then allowed cooling 

at room temperature. More water was added to until the total volume reach 10 ml.  

 1 ml of the starch solution was putted into the cuvette. Reference blank cuvette that 

was used is water. One drop of Lugol’s iodine was added into each tube. Then, the cuvette was 

placed into the OPTIMA SP-300 spectrophotometer with 590 nm absorbance value. 

 

3.6 Iodine staining 

 The starch extraction from trunking sago palm and non-trunking sago palm were 

placed on the slide. One drop of iodine was placed on the slide and it was covered by cover 

slip. The slide was observed under the OLYMPUS BX51 polarizing microscope and the 

images were taken. 
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4.0 RESULTS AND DISCUSSIONS 

 

4.1 Leaf starch granule extraction 

The starch granule from trunk of trunking sago palm was observed in Figure 4.1 shows 

that the shape of the extracted starch granules are oval and the size of the size granule are 20 

μm. The shape of the starch granule for trunking sago palm trunk is same with non-trunking 

sago palm trunk where the shape is oval and truncated. The round shape of the starch granule 

represents the shape of the starch granule when it was position of horizontal. Figure 4.1, 

Figure 4.2 and Figure 4.3 shows the shape of the starch granule of trunking sago palm trunk. 

In Figure 4.4, there are many size of starch granule from non-trunking sago palm trunk 

can be observed which ranges from 10 μm to 20 μm. Figure 4.5 and Figure 4.6 shows the 

starch granule from non-trunking sago palm trunk under the magnification of X1500 and 

X3000. Majority of the starch granule shape in non-trunking sago palm trunk was same as 

trunking sago palm trunk. The size of the starch granule is also same. 

Meanwhile, for trunking sago palm leaves the shape of the starch granule was disc 

shaped and oval and the size was rather smaller than in trunk. Figure 4.7 shows the starch 

granule from trunking sago palm leaves under magnification of X3000. In Figure 4.8 and 

Figure 4.9 shows the close up size of starch granule from trunking sago palm trunk under 

magnification of X5000 and X10000. The size of starch granule ranges from 1 μm to 5 μm. 

Nevertheless, the shapes of the starch granule from the non-trunking sago palm leaves 

were round and small as shown in Figure 4.10 under magnification of X3000. In Figure 4.11 

and Figure 4.12 shows the starch granule from non-trunking sago palm leaves distribution of 


