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Determination and Morphology of Leaf Starch Granule from Trunking and Non-

Trunking Sago Palm Leaves 

Paramjit Kaur Suk Dave Singh 
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Faculty of Resource Science and Technology 


University Malaysia Sarawak 


ABSTRACT 

Sago palms which are widely distributed in Malaysia are from the genus Metroxylon . The present study 
was carried out to determine the morphological structure of the starch granule which is found in the leaves of 
tnmking and non-trunking sago palm. The structure of starch granule obtained from both the trunking and non
tnmking sago paffi1leaves were compared. The leaves were cleaned and homogenized using extraction medium 
containing MOPS, ethylene glycol and EDTA. The homogenate were then vortexed, filtered, centrifuged, 
washed and finally left at room temperature for drying. The dried starch granules from both the trunking and 
non-tnmking sago palm leaves were observed under scanning electron microscope (SEM). The starch granules 
structure observed from both the trunking and non-trunking sago palm leaves are oval and truncated with the size 
range of I ~ till 10 f.UI1. Therefore, there is no observable difference between the structure of starch granule 
from trunking and non-tnmking sago palm leaves. Besides that, another method of extraction of starch granules 
using glass wool did not show any results as no starch granules were observed. 

Key words: Trunking sago palm, non-trunking sago palm, starch granule, morphological structure, SEM 

A BSTRAK 

Pokok sagu terdapat dengan meluas di Malaysia adalah dari genus Metrowlon. Kajian ini dijalankan 
untuk menentukan slruktur moifologi granul kanji yang terdapat di dalam daun pokok sagu yang berbatang dan 
pokok sagu yang adak berbatang. Daun-daun dibersihkan dan dikisar menggunakan media pengekstrakan yang 
mengandungi MOPS, ethylene glycol dan EDTA. Homogen itu kemudiannya digoncang, ditapis, diemparkan, 
dicuci dan akhir sekali dibiarkan pada suhu bilik untuk pengeringan. Granul kanji yang telah kering daripada 
pokok sagu yang berbatang dan pokok sagu yang tidak berbatang dilihat di bawah mikroskop penskanan 
elektron. Struktur granul kanji daripada daun pokok sagu yang berbatang dan pokok sagu yang tidak berbatang 
berbentuk bujur dan terpotong dan bersaiz antara 1 Jim dan 10 Jim. Oleh itu, granul kanji darpada daun pokok 
sagu berbatang dan pokok sagu tidak berbatang tidak mempunyai perbezaan yang ketara dari segi struktur. 
Selain itu, satu lagi teknik untuk pengekstrakan granul kanji dengan menggunakan teknik kapas kaca tidak 
menunjukkan sebarang keputusan disebabkan tiada granul kanji yang dapat dilihat. 

Ka kund: pokok sagu yang berbatang, pokok sagu yang tidak berbatang, granul kanji, struktur moryalogi, 
mikro: op penskanan elektron. 
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1.0 INTRODUCTION 


Sago palm is from the genus Metroxyion which is widely distributed from Thailand, 

Peninsular Malaysia and Indonesia to Micronesia, Fiji and Samoa. The height of these 

Metroxyion can reach from 9 to 33 m which is between 30 to 108 feet. The Metroxyion plays 

a vital role as the major nutritional starch supply for over one million people (McClatchey et 

ai., 2004). 

Mukah, Dalat and Sebakong Sago Plantations are among the places in Sarawak that 

have sago palms. The sago palms grown in the areas are trunking and non-trunking. 

According to Siong et ai. (2005), the trunking palm is grown on the shallow peat which 

contains elevated ranks of ash such as minerals and nutrients such as nitrogen, phosphorus 
I 

and potassium which are required to sustain the natural development and trunking of palms. 

On the other hand, the non-trunking sago palm is grown on the deep peat which is deficit of 

nutrient which is required to sustain the natural development and trunking of the palms. There 

has been research conducted by Wan Sulairnan et ai. (2005) to study the reason why the trunk 

of sago palms in the plantation area does not develop. This was carried out by on site 

measurements and laboratory investigation on the samples collected from the sites which 

studied the surrounding areas of the trunking and non-trunking palms at numerous 

development phases. Based on the result obtained, the most observable factor related with 

trunking and non-trunking level of the sago palms is the peat depth. The shallow peat is 

suitable for the growth ofthe trunking palms and the deep peat is suitable for the non-trunking 

(Wan Sulaiman et ai., 2005). 
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Starch plays a vital role in the production ofbioethanol. In recent days, the production 

of bioethanol obtains great concern because bioethanol is manipulated in the transportation 

sector as fuel. The bioethanol used as fuel have some advantages over the fosil fuel. This is 

because the bioethanol used as fuel can be maintained and carbon dioxide is indistinct in the 

fuel (Olsson et al., n.d.). Furthermore, the global climate change problem can be minimized 

by the usage of bioethanol as fuel due the level of carbon dioxide released is lower than the 

fossil fuel. 

Starch is initially produced in the leaves of the sago palm during the day. Starch from 

the sago palm ,leaves is then degraded into smaller molecules such as glucose and maltose by 

enzymes at night. The glucose and maltose produced is then transported to the trunk. In the 

trunk of/sago palm, storage starch is produced and stored. There has been many research 

conducted previously to study the starch granules from the storage area of sago palms. One of 

the researches is conducted by Nozaki et af. (2004), who studied the starch granule size from 

starch storage area which is the trunk of sago palm grown on different types of soil which are 

the acidic sulfate and mineral soil. Besides that, there has also been a research conducted 

recently by Tie et al. (2008) to study the starch morphology from the trunk of sago palm at 

different growth stages. There has not been any research conducted as up to today to study 

the starch granule morphological structure from the starch synthesis area which is the leaves 

of sago palms. Therefore, I am interested in determining and comparing the starch granule 

structure and morphology from both the trunking and non-trunking sago palm leaves. This 

project ofdetermining the morphology of the starch granules from both the trunking and non

ing sago palm leaves comprise of three main objectives which are: 

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

2 
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• 	 To observe the extracted starch granule morphological structure under scannmg 

electron microscope from both the trunking and non-trunking sago palm leaves. 

• 	 To be able to compare the structure of starch granule from both the trunking and non

trunking sago palm leaves. 

3 




1.0 LITERATURE REVIEW 

1.1 Overview on sago palm 

The sago palm that is found in Malaysia is the Metroxylon sp. The taxonomy of the 

sago palm can be viewed in the Appendix 1. This sago palm can reach between 6 to 14 meters 

tall. This sago palm will flower only one time and then it dies immediately after that and due 

to these property the sago palm is known as hapaxantic. The stored up nutrients is then 

converted into starch which is then stored in the trunk just before the flowering process occurs 

(Abd-Aziz, 2002). 

~arawak is known as the main sago growing area in Malaysia. Besides that, Sarawak 

is also one of the world's largest exporters of sago which exports about 25,000 to 40,000 t of 

sago product to Peninsular Malaysia, Japan, Taiwan, Singapore, and other countries. In 

Peninsular Malaysia, sago is only a minor crop which only takes up a smaller amount of the 

entirety agricultural ground (Abd-Aziz, 2002). 

2.1 Overview on starch 

The main stored polysaccharide of green plants is starch. The starch is broadly 

dispersed and is familiar by the microscopic appearance features and iodine staining 

properties ofthe granules. Amyloplasts is the place where the starch is produced and then the 

h is directed to the main storage areas which are the seeds, tuber and root. The starch that 

is ced is very stable and it acts as a supply of energy and carbon for the developing 

4 



.-...tKhUl.at Maldalllit Aklflemik 
UNlVERSm MALAVSIA SARAWAr ' 

plant. On the other hand, starch also acts as source of food for human (Morrison and Karkalas, 

1990). 

In green plant, nature has selected the starch granules as a common way for wrapping 

up and stocking up the carbohydrates. There are two important properties of starch granules 

which are it is quasicrystalline and could not dissolve in cold water. The location where the 

starch originated from is the characteristic that determines the shape of the starch granule 

(Knill and Kennedy, n.d.). Table 2.1 below shows the starch granule morphological structure 

ofdifferent origins ofplants. 

Table 2.1 Morphology of the starch granule from different origin 

tarch Type Diameter (11m) Morphology 

Wheat Cereal I-55 Round, lenticular 

Maize Cereal 2 -30 Round, polygonal 

Waxy maize Cereal 2 -30 Round, polygona~ 

Amylomaize Cereal 2 -30 Polygonal, irregular, elongated 

Rice Cereal 1-9 Polygonal, spherical 

Potato Tuber 5 -100 Oval, spherical 

Sago Pith 15 - 65 Oval, truncated 

Tapioca Root 4-35 Oval, truncated 

Adapted from Knill and Kennedy (n.d .). 

In plants, starch is the main and on the whole plentiful storage polysaccharide. As well 

ose, starch is also the principal outcome of photosynthesis accumulated transiently in 
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the shape of granules in the chloroplast (Orzechowski, 2008). Starch is composed of two 

major polysaccharides which are the amylose and amylopectin. These two major 

polysaccharides are made up of 1~4 linked a-D-glucose chains. The major difference 

between amylose and amylopectin is that amylose consists of linear chains whereas 

amylopectin consist of highly branched chains. Amylopectin branch is 1~4~6 linked ~D

glucose in every 20-25 straight chains (Parker and Ring, 200 I). In the semicrystalline regions 

of the starch granule, the construction of structured arrangement of densely crammed left

banded double helix is permitted by the ordinary allocation of branch position in amylopectin. 

The variation that occurs in the parameters for instance the allocation of the chain length, 

branching level and the granule size results in the differences in the starch structure from 

various biological resources (Orzechowski, 2008). 

2.3 Sago palm grown on different types of soil 

Nozaki et al. (2004) studied the connection between the intensity of starch and the 

starch synthetic enzymes activities in sago palms in the acid sulfate and mineral soil state. The 

tesu1ts obtained showed that there are no morphological changes in the starch granule among 

soil states and location. The shapes of the starch granules viewed were ellipsoidal and 

were no concentric circular rings been viewed obviously. The granules were separated 

based on the size into two groups. The granules that range between 8-15 ~m in lengthwise 

were characterized as large granules whereas those granules that range less than 8 ~m in 

IfIIlPlWule were characterized as small granules. Besides that, middle sized granules were 

.,obltamlec1 (Nozaki et al., 2004). 
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Table 2.2 below shows comparative proportion between the large and small granules 

separate locations. Based on the table, it is inferred that the proportion of the amount of 

granules is greater than smaller granules. Nevertheless, plants cultivated in mineral soil 

higher proportion ofsmall granules compare to the acidic soil at nearly all the locations. 

ratio of the small to large sized starch granule is less for the acidic soil compare to the 

soil. This is due to the environmental stress that is experienced by the sago palm 

on the acidic soil which results in the elevated requisite for starch stock manipulation 

the energy source (Nozaki et at., 2004). 

Table 2.2 Large and small granules from samples at separate locations 

Soil (cm) 

No. oflarge No. ofsmall b/(a+b) 

granules (a) granules (b) 

0-50 81 60 0.43 

300-350 116 62 0.35 

600 -650 119 61 0.34 

850 -920 110 27 0.20 

Sulfate Soil (cm) 

0 -50 115 10 0.08 

300 -350 117 19 0.14 

600 -650 81 16 0.16 

650 -700 11 7 16 0.12 

700- 780 133 40 0.23 

tom Nozaki et al. (2004). 
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Wan Sulaiman et al. (2005) carried out a research to figure out the reason that caused 

large amount of sago palm grown in Sarawak commercial sago plantation do not trunk. The 

need to be extra moistened for the trunking palms compare to the non-trunking palms 

\lblllIJ(lc~ on the elevated mass compactness and better exhaustion of the total nutrient contents. 

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

:. ft1l1tT1P1M assimilation by roots owing to the improved soil-root bond. The Table 1 in Appendix 

~11l-tlrunklI1Ig palms are more suitable to be grown on the root mat compare to the soil proper. 

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

S~rch granule from the leaves 

In plants, plentiful of carbohydrate storage are found in the form of starch. There are 

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

on their functions which are the storage starch and transitory starch. Storage starch is 

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

is produced in the chloroplast during the photosynthesis process which occurs during 

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

1HlItw.xm species in terms of size and shape but are alike in terms of the structure and 

~Inpclsttllon. The storage starch granules are composed by two different types of glucose 

DOlvmen which are amylo se and amylopectin. The starch storage granules are eventually 

..Ii-crystall,me which consist of concentric ring of irregular crystalline and amorphous 

JaGi~. (Trethewey and Smith, n.d.). In the transitory starch granule the proportion of 
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IID"IfJO!Ie to amylopectin is lower than the storage starch granule. The transitory starch 

_VIDIpec::lin has an extremely robust polymodal distribution of chain length in extend of 5 

residues. This configuration was viewed in spite of the age and growth state of the 

(Trethewey and Smith, n.d.). According to Grennan (2006), the transitory starch 

_1I884:S dming the day and is degraded during night into glucose and maltose. The degraded 

is then transported to the storage organs through the phloem. The storage starch is 

WOCIUcI=cl and stored in the storage organs. 

yathesis and degradation of starch 

Generally, the starch biosynthesis begins through the construction of ADP-glucose 

ftur'Wf!d by the relocation ofglucose mo iety on short chain 0 f maltooligosaccharides which is 

_1I.ltv the acceptor of glucose moiety. Then fmally, the structure of starch granule is 

WD1U1C!JlZC~ by the involvement of many abundant enzymes. The abundant enzymes and 

_*lory proteins take part in the complex action of the starch granule synthesis. The starch 

__:II (SS) are known as the main enzyme involved in the starch granule synthesis. There 

bumau:n)us isoforms of starch synthase abundant in plants. There are five classes of starch 

hich might be differentiated based on the amino-acid sequences. According to 

traicblJ,WSIIri (2008), the five classes of starch synthase are the SSI, SSII, ssm, SSIV and 

starch synthase (GBSS). SS initiates the synthesis of insoluble glucan 

iJy.lDClnJ such as amylose and amylopectin by transporting the glucosyl moiety of the soluble 

allDlrADP-glucose to the reducing end of an accessible a-I ,4-linked glucan chain which 

as the acceptor. These result in the construction of new glycosidic linkages. In 

_.in synthesis, the starch synthase involved are SSI, SSII, SSIII and SSIV. The 
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of amylopectin in the plastid is permitted by the normal branch point 

IJDCIlion. This crystallization of amylopectin is the result of the combined act of branching 

0ZJl1I)eS (BE) and debranching enzymes (DBE). Furthermore, in the amylose synthesis the 

synthase involved is GBSS which comprises of two gene encoding isoforms that are 

and GBSSII. GBSSI expression seems to be generally restricted to the storage tissues. 

chloroplast, gene encoding for GBSSII are mainly confmed and this is the basis that 

~~U are in charge for the synthesis of amylose. The process of the synthesis of starch in 

IIIDroDIast is shown in the Figure 2.1 below (Orzechowski, 2008). 

ATP 

_ "'_ ...... Cylosol 
~----~--' --=--::::.~ 

::::::--- (iHSS -~__ 
SS ~ sEo amylo.c ~ 

PGM 

.Iell' ~ AUP...(jIO+ ace.plor., 

I 
AUf' • .., PPi 

GIu6P 

PG1t 

- + ~ 
amylopc""n ~ 

DBE ~ 
SP ~ 

Starch '\ 

F,\P 
ji 

Chl=pl~t / 

/
-~ ========-:::::::::--

Figure 2.1 Synthesis of starch granule in chloroplast 
Adapted from Orzechowski (2008). 

degradation of starch in chloroplasts occurs at night and is separated into two 

hich are the start of degradation and amylose and amylopectin break down into 

glucose and maltotriose. According to Orzechowski (2008), the starch degradation is 

__.dby the dikinases which are glucan water dikinase (GWP) or phosphoglucan water 

which allows the phosphorylation of starch. According to Edner (2007), the 

of glucosyl residues are precisely phosphorylated by the GWD and PWD 
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BlilYZIl!:S the construction of the less recurrent C3-phosphate ester. Orzechowski (2008) stated 

there are likelihood that the organized and semicrystalline surface of starch granule may 

attacked straight away by the IJ-amylase and isoamylase 3. Therefore, the insertion of 

._ate group from the dikinases is required for upsetting the granule matrix arrangement 

older to cause the starch granule matrix to be susceptible for exoamylolytic attack. At 

1lPijllllgaq., the 6-amylase and isoamylase 3 catalyzes the breakdown of starch granules by 

lJJI1espamglly breaking down the 1,4- and 1,6-glycosidic linkages (Orzechowski, 2008; 

2007). These result in the production of maltose and glucose. Maltose and 

pose are transported to the cytosol through maltose transporter and glucose transporter 

Dni""wski 2008). 

I 

2.2 below shows the process of starch degradation in leaves 

altosc 

Mall trio ~ /.'
DPEI 
jh\my II 

Figure 2.2 Starch granule degradation in the leaves 

Adapted from Orzechowski (2008). 


11 




• 

.

__ 

ago starch granule from trunk at different growth stages 

el al. (2008) has conducted a research on the morphological studies on starch 

fiom trunk of sago palm grown in Mukah. The sago starch granules were studied at 

.dUtrerent growth phases which are the maximum vegetative growth phase, inflouresence 

I{rDIop:iDg growth phase, flowering phase and fruiting phase using scanning electron 

The result obtained by Tie et al. (2008) shows that most of the sago starch 

have an oval shape at all the different growth stages. Apart from oval sago starch 

-IICB, there can also be seen some granules which have truncated shape. Concurrence by 

1'SII8rc::h conducted by Ahmad et al. (1999), Tie et al. (2008) predicted that the sago starch 

1IfIIiI- size varies from 10 to 30 J,l.m. According to Tie et al. (2008), the only observable 

among the sago starch granules between the different growth stages are the 

"'••D of the granule size. It can be observed that when the sago palm grows up to 

••gand fruiting stages the sizes of the granules are larger (Tie et al., 2008) 

12 



....,Ie collection and preservation 

Leaves were collected from the sago palm grown in Mukah at 11.00am on 23 July 

The leaves were cut and placed in the ethanol bottle. The bottle containing the leaves 

y placed in the ice box. Once reaching the lab, the leaves were then wiped with a 

and placed into the falcon tube. The falcon tubes were then placed at -80°C for 

, 
" 

starch granule extraction 

The method used by Zeeman et al. (1998) to prepare the leaf starch granules for the 

.statdl-accumulating mutant ofArabidopsis thaliana, were used to extract the starch 

the trunking and non-trunking sago palm leaves with some modification to the 

leav were cleaned and homogenized by treating with five volumes of 100 mM 

_IJ)IIOlilllO) propanesulphonic acid (MOPS) at pH 7.2, 5 mM of EDTA, and 10% (v/v) 

lII.liDl in the blender. The blended homogenate was then transferred into falcon tubes 

.-.. tube were vortex for one minute. Two layers of muslin cloth were used to sort __u 

MortllXcd homogenate which was then followed by filtering the homogenate once again 

"':IbI!lr of nylon cloth. The homogenate was then centrifuged for 45 minutes at 4°C 

...•.."·· ..·•• _~7.. (w/v) SDS was added into 30 ml of the same medium. This mixture was 

13 



at 4°C and 3000 g. 

• 

..lCOIJe was used to view the starch granule structure . 

__ 

___ 

.~1Dicr(»scc)ne as comparison. 

resuspend the pellet. The resuspended pellet mixture was then centrifuged again for 30 

The starch was then pelleted. Next, the pelleted starch was 

80s-containing medium two times and then followed by 30 ml deionized water 

times. The pellet was then allowed to dry at room temperature. Scanning electron 

• don of storage area starch granule 

Commercial starch powder which is from the starch storage area, the trunk, was used 

starch granule morphological structure for the purpose of comparison. A small 

powder was observed under scanning electron microscope. 

;,.....I'V.tion of starch granules under the light microscope 

WI samples from the trunking and non-trunking sago palm leaves were stained 

._ observed under the light microscope. Besides that, commercial starch powder 

the starch from the storage area, the trunk, of sago palm was also observed 

14 


