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Faculty: Science and Environmental Studies 

The present esterification methods for producing sugar-based fatty esters are faced 

with the problems of low yields, the use of toxic solvents and thermal instabilities of 

sugars. This project reviewed and modified a number of esterification methods with 

the view to overcome these problems. The methods studied include direct heating, 

acid anhydride, enzymatic, and chemical transesterification and interesterification 

methods. Subsequently, a solvent-free, low temperature chemical interesterification 

method, yielding up to 90% product (mainly mono- and di-fatty acid substituted 

acetylated glucopyranoses) was developed. The method involved the heating of 

glucose pentaacetate (GPA), with appropriate fatty acid methyl ester (FAME) in the 

presence of Na-metal catalyst, under reduced pressure. The optimal reaction 

conditions were found to be 1:3 mole ratio of GPA and FAME, respectively; 0.5% 

Na-metal catalyst; reaction temperatures of 85 - 90°C; reaction time of 5 to 6 hrs, 
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and at 20 mmHg pressure. Six acetylated glucose fatty esters (AGFE) were obtained 

as products using FAME of palm (PO) and palm kernel (PKO) fatty acids, C6 to 

CIO (C6110) mixed fatty acids, and oleic and stearic fatty acids. The reactions leading 

to the fonnation of the mono- and di-substituted acetylated glucose fatty esters were 

found to follow zero-order kinetics. Results from fatty-acyl group selectivity studies 

show that the longer-chain fatty acyl groups were generally preferred to the shorter 

chain-lengths. 

A novel nuclear magnetic resonance (NMR) spectroscopic method for determining 

the molecular structures of polyacetylated glucose fatty esters was developed in the 

course of this work. Using heteronuclear multiple bond correlation (HMBC) 

technique and the fatty acyl substituent-induced changes (SCS) in the BC-chemical 

shifts of the carbonyl-carbon atoms, the molecular structures of the mono- and di

substituted products were established as I-O-fatty acyl 2,3,4,6-acetyl a-D

glucopyranose and 1, 6-0-fatty acyI2,3,4-acetyl a-D-glucopyranose, respectively. 

The surface activity properties of the products were studied. AGFE was not soluble 

in water due to the lack of free -OH groups in the molecular structure, thus limiting 

the hydrophilic character of the pyranosyl head groups. Hydrophile-lipophile 

balance (HLB) experiments showed that AGFE from stearic acid and PKO were 

potential water-in-oil (W/O) emulsifiers while AGFE from PKO, PO and oleic acid 

showed moderate oil-in-water (O/W) emulsion stabilization. 

Cytotoxic experiments involving cancerous (HT -29 colon carcinoma and CEM-SS, 

T-cell lymphoblastic leukemia) and normal (3T3 nonnal mouse fibroblast) cell lines 

have shown that AGFE were non-cytotoxic towards cancer and nonnal cell lines. 
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The results of the antimicrobial experiments showed that th� \ff��o JNIVEKSITI PUTRA MALAYSIA 
product (PKO-2) to have a moderate activity against P. aeruginosa with inhibition 

zone diameter of 14.0mm and weakly active against S. auerus, B. subtilis 828 and 

829. AGFE from PKO (PKO-l) was weakly active against P. aeruginosa with 

inhibition zone diameter of9.0mm. These compounds can thus perform the dual role 

as emulsifiers and preservatives. 
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Faculti: Sa ins dan Pengajian Alam Sekitar. 

Kaedah-kaedah pengesteran menghasilkan ester lemak berasaskan gula pada masa 

kini menghadapi banyak masalah memberikan hasil yang rendah, penggunaan 

pelarut toksik, dan ketakstabilan terma gula. Dalam projek ini beberapa kaedah 

pengesteran telah dikaji dan diubahsuai untuk mengatasi masalah tersebut. Kaedah 

yang dikaji meliputi pemanasan terus, asid anhidrida, kaedah penginteresteran, 

pengtransesteran dan kaedah enzim. Akhirnya kaedah penginteresteran kimia pada 

suhu rendah tanpa pelarut yang menghasilkan sehingga 90% produk (hasil utama 

adalah glukopiranosa berasetil mono- dan dwi-tertukarganti asid lemak) telah 

dimajukan. Kaedah ini melibatkan pemanasan glukosa pentaasetat (GPA) dengan 

ester metil asid lemak (FAME) yang bersesuaian dengan kehadiran mangkin logam 

Na di bawah tekanan terturun. Keadaan tindak balas optimum didapati pada nisbah 

mol GPA dan FAME 1 :3 ;  mangkin logam Na 5%; suhu tindak balas diantara 85-

90°C; mas a tindak balas di antara 5 hingga 6 jam dan tekanan pada 20 mmHg. 

Enam ester lemak glukosa berasetil (AGFE) telah dihasilkan dari FAME asid 

lemak sawit (PO) dan isirong sawit (PKO), campuran asid lemak C6 hingga CIO 
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(C6/\O), asid lemak oleik dan asid lemak stearik. Tindak balas pembentukan ester 

lemak glukosa berasetil mono- dan di-tertukarganti didapati memenuhi kinetik tertib 

sifar. Kajian kepilihan kumpulan asil lemak menunjukkan bahawa asid lemak rantai 

panjang lebih disukai dari asil lemak rantai pendek dalam proses penginteresteran 

tanpa pelarut. 

Dalam kajian ini satu kaedah spektroskopi nukleus magnetik resonans (NMR) untuk 

menentukan struktur molekul ester lemak glukosa berpoliasetil telah dimajukan. 

Penggunaan teknik korelasi ikatan berganda heteronukleus (HMBC) dan perubahan 

teraruh tertukarganti (SCS) asil lemak ke atas anjakan kimia \3C bagi atom-atom 

karbon karbonil, struktur molekul produk mono- dan dwi-tertukarganti masing

masing ditentukan sebagai 1-0- asil lemak 2,3,4,6-asetil a-D-glukopiranosa dan 1 ,  

6-0- asil lemak 2,3 .4- asetil -a-D-glukopiranosa. 

Sifat aktiviti permukaan produk juga dikaji. AGFE adalah tidak larot di dalam air 

kerana kekurangan kumpulan -OR bebas dalam struktur molekulnya, yang 

menghadkan ciri hidrofilik kumpulan piranosil. Kajian imbangan hidrofil-lipofil 

(Ill.,B) menunjukkan bahawa AGFE dari asid stearik dan PKO adalah berpotensi 

sebagai emulsifier air dalam minyak (W/O), manakala AGFE dari PKO, PO dan 

asid oleik menunjukkan kestabilan emulsi minyak dalam air (O/W) yang sederhana. 

Kajian sitotoksik melibatkan sel kanser (RT-29 kolon karsinoma dan CEM -SS, sel 

T leukimia limpoblastik) dan sel normal (3T3 fibroblas tikus biasa) menunjulekan 

ketiadaan kesitotoksikan AGFE terhadap sel kanser dan sel normal.  

Keputusan eksperimen anti bakteria menunjukkan bahawa produk PKO dwi

tertukarganti (PKO-2) mempunyai aktiviti sederhana terhadap P. aeruginosa dengan 
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garispusat zon perencatan 14.0mm dan mempunyai aktiviti lemah terhadap S. 

auerus, B. subtilis B28 dan B29. AGFE dari PKO mono-tertukarganti (PKO-l) 

mempunyai aktiviti lemah terhadap P. aeruginosa dengan garispusat zon perencatan 

9.0mm. Sebatian-sebatian ini bertindak dengan dua peranan iaitu sebagai bahan 

pengemulsi dan pengawet. 
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