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NAVEENA REDDY KALIDAS 

June 2016 

Chairman :  Professor Khozirah Shaari, PhD 

Institute    : Bioscience 

Palm kernel cake (PKC) is the most valuable by-product obtained from the palm kernel 

oil extraction process. It has been used widely as an animal feed owing to its high 

protein content. PKC also contains about 81% of non-starch polysaccharides, mainly in 

the form of mannan-based polymers. Hydrolysis of mannan into low molecular weight 

mannanoligosaccharides (MOS) has been claimed to have prebiotic properties. The 

biological mechanism and activities of the MOS are associated with its structure and 

molecular weight. However, very little information was available on the structural 

characteristics of MOS of different molecular weights from PKC. Therefore, the 

objectives of the present study were to isolate MOS of different degree of 

polymerization (DP) from the crude PKC extract and structurally characterize the MOS 

using chemical derivatization and spectroscopic methods. The crude PKC extract was 

obtained by hot water extraction method, followed by delipidation and deproteinization 

step. The deproteinized PKC extract containing mixtures of MOS were then separated 

into individual compounds based on their molecular weights using refractive index 

high performance liquid chromatography (RI-HPLC). The molecular weights of the 

MOS were determined using electrospray ionization mass spectrometry (ESI-MS/MS). 

The structures of the isolated MOS were investigated using a combination of chemical 

analyses such as sugar composition analysis and methylation analysis followed by gas 

chromatography mass spectrometry (GC-MS), and other spectroscopic methods such as 

nuclear magnetic resonance spectroscopy (NMR). The MOS mixtures were separated 

into four individual major compounds with different DP, designated as MOS-III, 

MOS-IV, MOS-V and MOS-VI. The molecular weights of the isolated MOS as 

determined by ESI-MS/MS were 689, 851, 1013 and 1151 Dalton (Da) corresponding 

to tetra-, penta-, hexa- and heptasaccharide of the MOS-III, MOS-IV, MOS-V and 

MOS-VI, respectively. Sugar analysis of the isolated MOS indicated the presence of 

mannose in each of the oligomers. Methylation and 1D/2D NMR analysis showed that 

the MOS have a linear structure consisting of (1→4)-β-D-mannopyranosyl residues 

with DP ranging from 4 to 7. They were identified as: a) β-D-Manp-(1→4)-β-D-Manp-

(1→4)-β-D-Manp-(1→4)-β-D-Manp, b) β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-
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Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp, c) β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-

D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp, d) β-D-Manp-

(1→4)-β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-

Manp-(1→4)-β-D-Manp. In conclusion, the present study revealed a successful 

application of chromatography, chemical analysis, ESI-MS/MS and NMR to the 

isolation and characterization of MOS fraction from PKC.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Master Sains  

PENGASINGAN DAN PENCIRIAN STRUKTUR MANNANOLIGOSAKARIDA 

DARIPADA ISIRONG KELAPA SAWIT 

Oleh 

NAVEENA REDDY KALIDAS 

Jun 2016 

Pengerusi  :  Profesor Khozirah Shaari, PhD 

Institut      :   Biosains  

Isirong kelapa sawit (PKC), yang diperolehi daripada proses pengekstrakan minyak 

isirong kelapa sawit merupakan hasil sampingan yang paling berguna. PKC digunakan 

secara meluas sebagai makanan haiwan kerana mempunyai kandungan protein yang 

tinggi. Selain itu, PKC juga mengandungi kira-kira 81% polisakarida bukan kanji 

dalam bentuk polimer mannan. Hidrolisis polimer mannan kepada karbohidrat berat 

molekul rendah seperti mannanoligosakarida (MOS) mempunyai ciri-ciri prebiotik. 

Mekanisme biologi dan aktiviti MOS bergantung kepada struktur dan berat molekul. 

Walau bagaimanapun, maklumat tentang struktur pecahan MOS yang terdiri daripada 

berat molekul yang berbeza daripada PKC adalah sangat sedikit  Oleh itu, objektif 

kajian ini adalah untuk mengasingkan MOS daripada ekstrak PKC mengikut darjah 

pempolimeran (DP) dan mencirikan struktur MOS dengan menggunakan kaedah kimia 

dan spektroskopi. Ekstrak PKC diperolehi melalui pengekstrakan air panas, dan 

kemudiannya diasingkan daripada lipid dan protein. Ekstrak PKC yang mengandungi 

campuran MOS kemudian dipisahkan kepada pecahan-pecahan MOS berdasarkan 

kepada berat molekul dengan menggunakan kromatografi cecair berprestasi tinggi 

(HPLC). Berat molekul MOS ditentukan dengan menggunakan teknik pengionan 

elektrosemburan spektroskopi jisim (ESI-MS/MS). Struktur MOS dikaji melalui 

gabungan analisis kimia seperti analisis komposisi gula dan analisis metilasi diikuti 

dengan kromatografi gas spektroskopi jisim (GC-MS), dan kaedah spektroskopi lain 

seperti spektroskopi resonans magnetik nuklear (NMR). Campuran MOS telah 

diasingkan kepada empat pecahan utama yang mempunyai DP berbeza, dinamakan 

sebagai MOS-III, MOS-IV, MOS-V dan MOS-VI. Berat molekul MOS-III, MOS-

IV, MOS-V dan MOS-VI seperti yang ditentukan oleh ESI-MS/MS adalah 689, 851, 

1013 dan 1151 Dalton (Da) yang dikenal pasti sebagai tetra-, penta-, hexa- dan 

heptasakarida, masing-masing. Analisis gula daripada MOS menunjukkan kehadiran 

mannosa dalam setiap satu oligomer. Metilasi dan analisis 1D/2D NMR menunjukkan 

bahawa MOS terdiri daripada satu struktur linear yang terdiri daripada (1→4)-β-D-

mannopiranosil yang mempunyai DP 4–7. Struktur MOS telah dikenal pasti sebagai: a) 

β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp, b) β-D-Manp-

(1→4)-β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp, c) β-D-

Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp-
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(1→4)-β-D-Manp, d) β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-

Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp-(1→4)-β-D-Manp. Kesimpulannya, hasil 

kajian mendapati bahawa kromatografi, analisis kimia, ESI-MS/MS dan NMR berjaya 

mengasingkan dan mencirikan campuran MOS daripada PKC. 
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CHAPTER 1 

INTRODUCTION 

Lignocellulosic biomass is the most abundant and renewable biopolymer in nature 

(Zhou et al., 2011). It is composed predominantly of polysaccharides such as cellulose, 

hemicellulose, and lignin. It has been estimated that 10–50 × 10
9 

tons of lignocellulosic 

biomass are produced annually from agro-based industries (i.e., forestry, agricultural 

activities, timber industries, and pulp and paper industries) (De Vries and Visser, 

2001). Much of these lignocellulosic wastes are usually disposed through burning 

activity, which imposes serious environmental pollution issues (Levine, 1996). 

However, the vast amount of plant biomass considered as waste could potentially be 

converted into various value added bio-products including animal feed, organic 

chemicals, biofuel, energy sources for fermentation and human nutrients (Howard et 

al., 2003). 

Malaysia, being the second largest palm oil producer produces huge quantities of oil 

palm by-products. Among the many secondary products from oil palm, palm kernel 

cake (PKC) has been regarded as the most promising. It has been reported that PKC 

contains about 81% of non-starch polysaccharides (NSPs), mainly in the form of 

mannan-based polymers (Knudsen, 1997). Mannans are presumably characterised as 

anti-nutritional polysaccharides, which are highly crystalline, extremely hard and 

insoluble in water (Sundu and Dingle, 2002). Moreover, other anti-nutritional 

substances such as galactomannan, xylan, and arabinoxylan are also most likely present 

in PKC. Several studies have reported that guar and wheat also contain these anti-

nutritional compounds which could increase the viscosity of the animal feeds due to its 

high water absorbing tendency; thus causing poor nutrient absorption in the 

gastrointestinal tract (Dingle, 1995; Kumar et al., 1997). Owing to its high fibre 

content, coupled with the presence of anti-nutritional compounds, application of PKC 

as feed supplements in non-ruminant diets is limited. However, recent studies have 

found that hydrolysis of mannan polymers from PKC into lower level carbohydrates 

such as oligosaccharides have been proven to improve the nutritive value of PKC.  

Oligosaccharides are sugar polymers consisting of 3 to 10 monosaccharide residues 

linked by O- or N-linked glycosidic bonds (Tomomatsu, 1994). However, the degree of 

polymerization (DP) can go up to 60 for some oligosaccharides, for example chicory 

inulin, or down to 2, for example lactulose (Crittenden and Plain, 1996). Most 

oligosaccharides are low molecular weight carbohydrates. Oligosaccharides could be 

attached to amino acids or lipids, forming glycoprotein and glycolipids, respectively. 

Oligosaccharides have greater structural diversity due to the number of monomers, 

differences in the anomeric configuration, glycosidic linkages, ring size, substitution 

points, and branching points. As a result of the structural diversity, the flexibility, 

compactness, physical, biological and biochemical properties among the 

oligosaccharides are varied. 
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Oligosaccharides have been reported to exhibit significant biological properties such as 

immunostimulatory, antiviral, and antitumor activities (Kamasuka et al., 1968; Tizard 

et al., 1989; Ezekowitz et al., 1989). However, the biological activities and 

mechanisms of action of oligosaccharides are not fully known but believed to be very 

closely related to its structure. For example, mannan from Saccharomyces cerevisiae, 

which is composed of high molecular weight partially phosphorylated mannose 

residues linked via α-(1→6), α-(1→3), and α-(1→2) linkages was not active in 

stimulating the interferon release. Whereas, mannan from Candida albicans, which is 

composed of low molecular weight and highly branched molecule with short chains of 

α-(1→2), linked mannose monomers, joined by α-(1→6) linkages and attached to 

peptides, are very active in the interferon-inducing assay (DeClercq et al., 1970). 

Suzuki et al. (1968) postulated that the differences in the interferon activity could be 

due to small structural or size variations among the polymers. 

In recent years, there has been a growing interest in the use of oligosaccharides as 

prebiotics. Oligosaccharides are classified as prebiotics because it can withstand the 

digestion enzymes in the stomach and pass into the large bowel where it is selectively 

metabolized by beneficial bacteria. Prebiotics are defined as “selectively fermented 

ingredients that allow specific changes, both in the composition and/or activity in the 

gastrointestinal microbiota that confers benefits upon host well-being and health” 

(Roberfroid, 2007). Fermentation of oligosaccharides by the microbiota are strongly 

influenced by the chemical structures and the identity of the monomeric sugar units, 

DP, type of glycosidic linkages between the monomers, complexity of the fraction 

(branched or linear) and possible linkage to non-carbohydrates.  Several types of 

oligosaccharide substances, which have been reported to possess prebiotic effects, such 

as fructooligosaccharides (FOS), galactooligosaccharides (GOS), 

glucooligosaccharides, mannanoligosaccharides (MOS), isomaltooligosaccharides 

(ISO), xylooligosaccharides (XOS), gentioligosaccharides (GTO) and inulin 

(Crittenden and Playne, 1996; Rycroft et al., 2001; Desai et al., 2004; Pennacchia et 

al., 2006). Recently, some studies have shown that enzyme-treated PKC releases 

mannose and mannose-based oligosaccharides, which could be a potential source of 

prebiotic (Saenphoom et al., 2011; 2013).  Chen et al. (2015) demonstrated that all 

three Lactobacillus strains showed better growth rate in the enzyme-treated crude PKC, 

owing to low DP oligosaccharides produced during the hydrolysis of NSPs. However, 

the nature and the exact type of oligosaccharides which are responsible for the growth 

of Lactobacillus could not be confirmed. Although, there have been some structural 

studies conducted on the mannans of PKC, the available information is only on the 

overall carbohydrate polymer with little information on the structural characteristics of 

MOS fractions of different molecular weights. Therefore, this study was conducted to 

provide this lack of structural information.  To achieve this, the study was initiated with 

the following objectives: 

1. To isolate and purify the oligosaccharides from the aqueous PKC extract.

2. To characterize the oligosaccharides using chemical and spectroscopic

methods.



© C
OPYRIG

HT U
PM

90 

REFERENCES 

Agrawal, P. K. (1992). NMR spectroscopy in the structural elucidation of 

oligosaccharides and glycosides. Phytochemistry, 31(10): 3307-3330. 

Akpinar, O., Ak, O., Kavas, A., Bakir, U. and Yilmaz, L. (2007). Enzymatic production 

of xylooligosaccharides from cotton stalks. Journal of Agricultural and Food 

Chemistry, 55(14): 5544-5551. 

Akpinar, O., Erdogan, K. and Bostanci, S. (2009). Production of xylooligosaccharides 

by controlled acid hydrolysis of lignocellulosic materials. Carbohydrate 

Research, 344(5): 660-666. 

Alimon, A. R. (2004). The nutritive value of palm kernel cake for animal feed. Palm 

Oil Dev, 40(1): 12-14. 

Amit-Romach, E., Sklan, D. and Uni, Z. (2004). Microflora ecology of the chicken 

intestine using 16S ribosomal DNA primers. Poultry Science, 83(7): 1093-1098. 

Asano, I., Ikeda, Y., Fujii, S. and Iino, H. (2004). Effects of mannooligosaccharides 

from short chain fatty acids in rat cecum. Food Science and Technology 

Research, 10: 273-277. 

Aspinal, G. O. (1970). Polysaccharides. Pergamon Press, Oxford. 

Aspinal, G., Cairncross, I. and Nicolson, A. (1959). Aldobiouronic Acids From 

Catalytically Oxidised Polysaccharides. Proceedings of the Chemical Society Of 

London, (9): 270-271. 

Aspinall, G. O. (1959). Structural chemistry of the hemicelluloses. Advances in 

carbohydrate chemistry, 14: 429-468. 

Ayestarán, B., Guadalupe, Z. and León, D. (2004). Quantification of major grape 

polysaccharides (Tempranillo v.) released by maceration enzymes during the 

fermentation process. Analytica Chimica Acta, 513(1): 29-39. 

Balasubramaniam, K. (1976). Polysaccharides of the kernel of maturing and matured 

coconuts. Journal of Food Science, 41(6): 1370-1373. 

Baldwin, M. A. and McLafferty, F. W. (1973). Direct chemical ionization of relatively 

involatile samples. Application to underivatized oligopeptides.Organic Mass 

Spectrometry, 7(12): 1353-1356. 

Barber, M., Bordoli, R. S., Elliott, G. J., Sedgwick, R. D. and Tyler, A. N. (1982). Fast 

atom bombardment mass spectrometry. Analytical Chemistry, 54(4): 645A-

657A. 

Biermann, C. J. and McGinnis, G. D. (1988). Analysis of Carbohydrates by GLC and

 MS. CRC Press. 



© C
OPYRIG

HT U
PM

91 

Bock, K. and Pedersen, C. (1983). Carbon-13 nuclear magnetic resonance spectroscopy 

of monosaccharides. Advances in carbohydrate chemistry and biochemistry, 41: 

27-66. 

Brienzo, M., Carvalho, W. and Milagres, A. M. (2010). Xylooligosaccharides 

production from alkali-pretreated sugarcane bagasse using xylanases from 

Thermoascus aurantiacus. Applied biochemistry and biotechnology, 162(4): 

1195-1205. 

Bruggink, C., Maurer, R., Herrmann, H., Cavalli, S. and Hoefler, F. (2005). Analysis of 

carbohydrates by anion exchange chromatography and mass 

spectrometry. Journal of Chromatography A, 1085(1): 104-109. 

Brummer, Y. and Cui, S. W. (2005). Understanding carbohydrate analysis. Food 

carbohydrates: chemistry, physical properties and applications, 1-38. 

Bundle, D. R. and Lemieux, R. U. (1976). Determination of anomeric configuration by 

NMR. Methods Carbohydr Chem. 7: 79-86. 

Chen, W. L., Liang, J.B., Jahromi, M.F., Abdullah, N., Ho, Y.W. amd Tufarelli, V. 

(2015). Enzyme treatment enhances release of prebiotic oligosaccharides from 

palm kernel expeller. BioResources, 10: 196–209. 

Chen, Y., Xie, M., Li, W., Zhang, H., Nie, S., Wang, Y. and Li, C. (2012). An effective 

method for deproteinization of bioactive polysaccharides extracted from Lingzhi 

(Ganoderma atrum). Food Science and Biotechnology, 21(1): 191-198. 

Choct, M. and Kocher, A. (2000). Non-starch carbohydrates: Digestion and its 

secondary effects in monogastrics. In PROCEEDINGS-NUTRITION SOCIETY 

OF AUSTRALIA (Vol. 24, pp. 31-38). Nutrition Society of Australia, 1998. 

Ciucanu, I. and Kerek, F. (1984). A simple and rapid method for the permethylation of 

carbohydrates. Carbohydrate research, 131(2): 209-217. 

Clercq, E., Eckstein, F. and Merigan, T. C. (1970). STRUCTURAL REQUIREMENTS 

FOR SYNTHETIC POLYANIONS TO ACT AS INTERFERON 

INDUCERS*. Annals of the New York Academy of Sciences, 173(1), 444-461. 

Collett, S. R. 2004. Controlling gastrointestinal disease to improve absorptive 

membrane integrity and optimize digestion efficiency. Pages 77–91 in 

Interfacing Immunity, Gut Health and Performance. L. A. Tucker and J. A. 

Taylor-Pickard, ed. Nottingham Univ. Press, Nottingham, UK. 

Corley, R.H.V. and Tinker, P.B. (2003). The oil palm (4th ed.). Oxford, UK: Blackwell 

Science. 

Crittenden, R. G. and Playne, M. (1996). Production, properties and applications of 

food-grade oligosaccharides. Trends in food science & technology, 7(11), 353-

361. Daud, M. J. & Jarvis, M. C. (1992). Mannan of oil palm kernel. 

Phytochemistry, 31, 463-464. 



© C
OPYRIG

HT U
PM

92 

Cronin, J. R., Pizzarello, S. and Frye, J. S. (1987). 13 C NMR spectroscopy of the

insoluble carbon of carbonaceous chondrites. Geochimica et Cosmochimica

 Acta, 51(2): 299-303. 

Davidek, T. and Davidek, J. (2003). 18 Chemistry of the Maillard Reaction in Foods. 

Chemical and Functional Properties of Food Saccharides, 291. 

Davis, M. E., Maxwell, C. V., Erf, G. F., Brown, D. C. and Wistuba, T. J. (2004). 

Dietary supplementation with phosphorylated mannans improves growth 

response and modulates immune function of weanling pigs. Journal of animal 

science, 82(6): 1882-1891. 

de Menezes, C.R., Silva, I.S., Pavarina, E.C. et al. (2009) Production of 

xylooligosaccharides from enzymatic hydrolysis of xylan by the white-rot fungi 

Pleurotus. International Biodeterioration & Biodegradation, 63(6): 673–678. 

de Vries, R. P. and Visser, J. A. A. P. (2001). Aspergillus enzymes involved in 

degradation of plant cell wall polysaccharides. Microbiology and molecular 

biology reviews, 65(4): 497-522. 

Desai, A. R., Powell, I. B. and Shah, N. P. (2004). Survival and activity of probiotic 

lactobacilli in skim milk containing prebiotics. Journal of Food Science, 69(3): 

57-60. 

Dhawan, S., and Kaur, J. (2007). Microbial mannanases: An overview of production 

and applications. Critical reviews in biotechnology, 27(4): 197-216. 

Dibner, J. J., and Richards, J. D. (2005). Antibiotic growth promoters in agriculture: 

history and mode of action. Poultry science, 84(4): 634-643. 

Dibner, J. J., and Richards, J. D. (2005). Antibiotic growth promoters in agriculture: 

history and mode of action. Poultry science, 84(4): 634-643. 

Dingle, J. G., 1995. The use of enzymes for better performance of poultry. In: 

Queendsland Poultry Science Symposium. The University of Queendsland, 

Gatton. 

Domon, B. and Costello, C. E. (1988). A systematic nomenclature for carbohydrate

 fragmentations in FAB-MS/MS spectra of glycoconjugates. Glycoconjugate

journal, 5(4): 397-409. 

Düsterhöft, E. M., Posthumus, M. A. and Voragen, A. G. J. (1992). Non‐starch 

polysaccharides from sunflower (Helianthus annuus) meal and palm‐kernel 

(Elaeis guineensis) meal—investigation of the structure of major 

polysaccharides. Journal of the Science of Food and Agriculture, 59(2): 151-

160. 

Dusterhoft, E. M., Voragen, G. J., and Engels, F. M. (1991). Non-starch polysaccharide 

from sunflower (Helianthus annuus) meal and palm kernel (Elaeis guineenis) 

meal preparation of cell wall material and extraction of polysaccharide fractions. 

Journal of the Science of Food and Agriculture, 55: 411-422. 



© C
OPYRIG

HT U
PM

93 

El Khadeem, H. and Sallam, M.A.E. (1967).  The  carbohydrate  component  of  doum 

palm kernel:  characterization  and  identification  of  a  mannan.  Carbohydrate 

Research, 4:387-391. 

Ezekowitz, R. A., Kuhlman, M., Groopman, J. E., and Byrn, R. A. (1989). A human 

serum mannose-binding protein inhibits in vitro infection by the human 

immunodeficiency virus. The Journal of experimental medicine, 169(1), 185-

196. 

FAO (2002) FAOSTAT Agriculture Data.http: //appps.fao.org. 

Fernandez, F., Hintaon, M. and Van Gils, B. (2000). Evaluation of the effect of mannan 

oligosaccharides on the competitive exclusion of salmonella enteritidis 

colonization in broiler chicks. Avian Pathology, 29: 575-581. 

Fernandez, F., Hintaon, M., and Van Gils, B. (2002). Dietary mannan-oligosaccharides 

and their effect on chicken caecal microflora in relation to Salmonella 

Enteritidis colonization. Avian Pathology, 31, 49-58.  

Filippov, M. P. (1992). Practical infrared spectroscopy of pectic substances. Food 

Hydrocolloids, 6(1): 115-142. 

Flickinger, E. A., Loo, J. V. and Fahey, G. C. (2003). Nutritional responses to the 

presence of inulin and oligofructose in the diets of domesticated animals: a 

review: 19-60. 

Fontaine, T., Fournet, B. and Karamanos, Y. (1994). A new procedure for the reduction 

of uronic acid containing polysaccharides. Journal of microbiological 

methods, 20(2): 149-157. 

Fountain, K. J., Neue, U. D., Grumbach, E. S., and Diehl, D. M. (2009). Effects of 

extra-column band spreading, liquid chromatography system operating pressure, 

and column temperature on the performance of sub-2-μm porous 

particles. Journal of Chromatography A, 1216(32): 5979-5988. 

Fox, A., Morgan, S. L., Hudson, J. R., Zhu, Z. T. and Lau, P. Y. (1983). Capillary gas 

chromatographic analysis of alditol acetates of neutral and amino sugars in 

bacterial cell walls. Journal of Chromatography A, 256: 429-438. 

Gaskell, S. J. (1997). Electrospray: principles and practice. Journal of mass 

spectrometry, 32(7): 677-688. 

Gibbons, R. J., and Houte, J. V. (1975). Bacterial adherence in oral microbial 

ecology. Annual Reviews in Microbiology, 29(1), 19-42. 

Gorin, P. A. J. (1973). Rationalization of carbon-13 magnetic resonance spectra of 

yeast mannans and structurally related oligosaccharides. Canadian Journal of

Chemistry, 51(14): 2375-2383. 



© C
OPYRIG

HT U
PM

94 

Hakomori, S. I. (1964). A rapid permethylation of glycolipid, and polysaccharide 

catalyzed by methylsulfinyl carbanion in dimethyl sulfoxide.The Journal of 

Biochemistry, 55(2): 205-208. 

Harvey, D. J. (2000). Electrospray mass spectrometry and fragmentation of N-linked

carbohydrates derivatized at the reducing terminus. Journal of the American

Society for Mass Spectrometry, 11(10): 900-915. 

Harvey, D. J., Bateman, R. H., & Green, M. R. (1997). High energy Collision induced 

Fragmentation of Complex Oligosaccharides Ionized by Matrix assisted Laser 

Desorption Ionization Mass Spectrometry. Journal of mass spectrometry, 32(2): 

167-187. 

Heinrichs, A. J., Jones, C. M., and Heinrichs, B. S. (2003). Effects of mannan 

oligosaccharide or antibiotics in neonatal diets on health and growth of dairy 

calves. Journal of dairy science, 86(12): 4064-4069. 

Howard, R. L., Abotsi, E., Van Rensburg, E. J. and Howard, S. (2004). Lignocellulose 

biotechnology: issues of bioconversion and enzyme production. African Journal 

of Biotechnology, 2(12): 602-619. 

Haworth, W. N. (1915). Haworth methylation. Journal of the Chemical Society, 107: 

13. 

Huang, G. L. (2008). Extraction of two active polysaccharides from the yeast cell 

wall. Zeitschrift für Naturforschung C, 63(11-12): 919-921. 

Ishrud, O., Zahid, M., Zhou, H. and Pan, Y. 2001. A water  soluble  galactomannan 

from  the seed of Phoenix dactylifera L. Carbohydrate Research, 335: 297-301. 

Jian, H. L., Zhu, L. W., Zhang, W. M., Sun, D. F. and Jiang, J. X. (2013). Enzymatic 

production and characterization of manno-oligosaccharides from Gleditsia 

sinensis galactomannan gum. International journal of biological 

macromolecules, 55: 282-288. 

Jones, F. T. and Ricke, S. C. (2003). Observations on the history of the development of 

antimicrobials and their use in poultry feeds. Poultry science, 82(4): 613-617. 

Kačuráková, M. and Wilson, R. H. (2001). Developments in mid-infrared FT-IR 

spectroscopy of selected carbohydrates. Carbohydrate Polymers, 44(4): 291-

303. 

Kamasuka, T., Momoki, Y., and Sakai, S. (1968). Antitumor activity of polysaccharide 

fractions prepared from some strains of Basidiomycetes.Gan, 59(5): 443. 

Knudsen, K. E. B. (1997). Carbohydrate and lignin contents of plant materials used in 

animal feeding. Animal feed science and technology, 67(4): 319-338. 

Kocharova, N. A., Ovchinnikova, O. G., Torzewska, A., Shashkov, A. S., Knirel, Y. 

A., & Rozalski, A. (2007). The structure of the O-polysaccharide from the 



© C
OPYRIG

HT U
PM

95 

lipopolysaccharide of Providencia alcalifaciens O36 containing 3-deoxy-d-

manno-oct-2-ulosonic acid. Carbohydrate research, 342(3): 665-670. 

Kocher, A., Rodgers, N.J. and Choct, M. (2004). Efficacy of alternatives to IFAs in 

broilers challenged with Clostridium perfringens. In: Proceedings of the 

Australian Poultry Science Symposium 16:130-133. 

Körner, H. U., Gottschalk, D., Wiegel, J. and Puls, J. (1984). The degradation pattern 

of oligomers and polymers from lignocelluloses. Analytica Chimica Acta, 163: 

55-66. 

Kostiainen, R., Kotiaho, T., Kuuranne, T. and Auriola, S. (2003). Liquid 

chromatography/atmospheric pressure ionization–mass spectrometry in drug 

metabolism studies. Journal of Mass Spectrometry, 38(4): 357-372. 

Kumaguai, H. (2001). Application of liquid chromatography/mass spectrometry to the 

analysis of sugars and sugar-alcohol. Application note. 

Kumar, A., Dingle, J. G., Wiryawan, K. and Creswell, D. C., 1997. Enzymes for 

improved nutritional value of layer diets. In: Queendsland Poultry Science 

Symposium. The University of Queendsland, Gatton. 

Levine J.S. (1996). Biomass burning and global change. In: Levine JS (eds) (vol. 1) 

Remote sensing and inventory development and biomass burning in Africa. The 

MIT Press, Cambridge, Massachusetts, USA, pp 35. 

Leiva, M. H. L. and Guzman, M. (1995). Formation of oligosaccharides during 

enzymic hydrolysis of milk whey permeates. Process Biochemistry, 30(8): 757-

762. 

Lima, L. F. O., Habu, S., Gern, J. C., Nascimento, B. M., Parada, J. L., Noseda, M. D. 

and Soccol, C. R. (2008). Production and characterization of the 

exopolysaccharides produced by Agaricus brasiliensis in submerged 

fermentation. Applied biochemistry and biotechnology, 151(2-3): 283-294. 

Mathlouthi, M. and Koenig, J. L. (1986). Vibrational spectra of 

carbohydrates.Advances in carbohydrate chemistry and biochemistry, 44: 79-89. 

McGinnis, G. D. and Biermann, C. J. (1989). Analysis of monosaccharides as per-O-

acetylated aldononitrile (PAAN) derivatives by gas–liquid chromatography 

(GLC). In Analysis of carbohydrates by GLC and MS (pp. 119-125). CRC Press, 

Inc. Boca Raton, Florida. 

Meyer, A. S., Rosgaard, L. and Sørensen, H. R. (2009). The minimal enzyme cocktail 

concept for biomass processing. Journal of Cereal Science, 50(3), 337-344. 

Moran, E. T. (2014). Intestinal events and nutritional dynamics predispose Clostridium 

perfringens virulence in broilers. Poultry science, 93(12): 3028-3036. 



© C
OPYRIG

HT U
PM

96 

Munson, M. S. and Field, F. H. (1966). Chemical ionization mass spectrometry. I. 

General introduction. Journal of the American Chemical Society, 88(12): 2621-

2630. 

Neeser, J. R., and Schweizer, T. F. (1984). A quantitative determination by capillary 

gas-liquid chromatography of neutral and amino sugars (as O-methyloxime 

acetates), and a study on hydrolytic conditions for glycoproteins and 

polysaccharides in order to increase sugar recoveries.Analytical 

biochemistry, 142(1): 58-67. 

Newman, M. A. (1999). Health as expanding consciousness. Jones & Bartlett 

Learning. 

O’mara, F.P., Muligan, F.J., Cronin, E.J., Rath, M. and Caffrey, P.J. (1999) The 

nutritive value of palm kernel meal measured in vivo and using rumen fluid and 

enzymatic techniques. Livestock Production Science, 60: 305-316. 

Oil World. (2008). Oil World Annual. ISTA Mielke, Hamburg, Germany 

Parajó, J. C., Garrote, G., Cruz, J. M. and Dominguez, H. (2004). Production of 

xylooligosaccharides by autohydrolysis of lignocellulosic materials.Trends in 

Food Science & Technology, 15(3): 115-120. 

Patterson, J. A. and Burkholder, K. M. (2003). Application of prebiotics and probiotics 

in poultry production. Poultry science, 82(4): 627-631. 

Pennacchia, C., Vaughan, E. E. and Villani, F. (2006). Potential probiotic Lactobacillus 

strains from fermented sausages: Further investigations on their probiotic 

properties. Meat Science, 73(1): 90-101. 

Poinsot, V., Carpéné, M. A., Bouajila, J., Gavard, P., Feurer, B. and Couderc, F. 

(2012). Recent advances in amino acid analysis by capillary electrophoresis. 

Electrophoresis, 33(1), 14-35. 

Purdie, T. and Irvine, J. C. (1903). C.—The alkylation of sugars. Journal of the 

Chemical Society, Transactions, 83: 1021-1037. 

Roberfroid, M. (2007). Prebiotics: the concept revisited. The Journal of 

nutrition, 137(3): 830S-837S. 

Rycroft, C. E., Jones, M. R., Gibson, G. R. and Rastall, R. A. (2001). A comparative in 

vitro evaluation of the fermentation properties of prebiotic 

oligosaccharides. Journal of Applied Microbiology, 91(5): 878-887. 

Saenphoom, P., Liang, J. B., Ho, Y. W., Loh, T. C. and Rosfarizan, M. (2013). Effects 

of enzyme treated palm kernel expeller on metabolizable energy, growth 

performance, villus height and digesta viscosity in broiler chickens.Asian-

Australasian journal of animal sciences, 26(4): 537. 



© C
OPYRIG

HT U
PM

97 

Saenphoom, P., Liang, J. H. and Loh, T. R. (2011). Effect of enzyme treatment on 

chemical composition and production of reducing sugars in palm (Elaeis 

guineenis) kernel expeller. African Journal of Biotechnology, 10(68): 15372. 

Santin, E., Maiorka, A., Macari, M., Grecco, M., Sanchez, J. C., Okada, T. M. and 

Myasaka, A. M. (2001). Performance and intestinal mucosa development of 

broiler chickens fed diets containing Saccharomyces cerevisiae cell wall. The 

Journal of Applied Poultry Research, 10(3): 236-244. 

Sarney, D. B., Hale, C., Frankel, G., and Vulfson, E. N. (2000). A novel approach to 

the recovery of biologically active oligosaccharides from milk using a 

combination of enzymatic treatment and nanofiltration.Biotechnology and 

bioengineering, 69(4): 461-467. 

Sassaki, G.L., Gorin, P., Souza, L.M., Czelusniak, P.A. and Iacomini, M. (2005). Rapid 

synthesis of partially O-methylated alditol acetate standards for GC-MS: Some 

relative activities of hydroxyl groups of methyl glycopyranosides on Purdie 

methylation. Carbohydrate Research, 340: 731-739. 

Shane, M.S., 2001. Mannan Oligosaccharides in Poultry Nutrition: Mechanism and 

Benefits. In: Science and Technology in the Feed Industry: Proceedings of 

Alltech's 17th Annual Symposium, Lyons, T.P. and K.A. Jacques (Eds.). 

Nottingham University Press, Nottingham, UK., pp: 65-77. 

Shashidhara, R. G. and Devegowda, G. (2003). Effect of dietary mannan 

oligosaccharide on broiler breeder production traits and immunity. Poultry 

science, 82(8): 1319-1325. 

Stewart, T. S. and Ballou, C. E. (1968). A comparison of yeast mannans and 

phosphomannans by acetolysis. Biochemistry, 7(5): 1855-1863. 

Sundu, B. and Dingle, J. (2002). Use of enzymes to improve the nutritional value of 

palm kernel meal and copra meal I . Introduction II . Their quality and 

utilisation, (14): 1–13. 

Sundu, B., Kumar, A. and Dingle, J. (2005). Comparison of feeding values of palm 

kernel meal and copra meal for broilers. Recent Advances in Animal Nutrition 

Australia, 15, 16A. 

Suzuki, S., Sunayama, H. and Saito, T. (1968). Studies on the Antigenic Activity of 

Yeasts. Analysis of the determinant groups of the mannans of Saccharomyces 

cerevisiae. Japanese journal of microbiology, 12(1): 19-24. 

 Swanson, K. S., Grieshop, C. M., Flickinger, E. A., Bauer, L. L., Healy, H. P., 

Dawson, K. A. and Fahey, G. C. (2002). Supplemental fructooligosaccharides 

and mannanoligosaccharides influence immune function, ileal and total tract 

nutrient digestibilities, microbial populations and concentrations of protein 

catabolites in the large bowel of dogs. The Journal of nutrition, 132(5), 980-

989. 



© C
OPYRIG

HT U
PM

98 

Tanimoto, T., Ikuta, A., Sugiyama, M., and Koizumi, K. (2002). HPLC analysis of 

manno-oligosaccharides derived from Saccharomyces cerevisiae mannan using 

an amino column or a graphitized carbon column. Chemical and pharmaceutical 

bulletin, 50(2): 280-283. 

Teng, C., Yan, Q.J., Jiang, Z.Q.et al. (2010). Production of xylooligosaccharides from 

the steam explosion liquor of corncobs coupled with enzymatic hydrolysis using 

a thermostable xylanase.Bioresource Technology, 101(19): 7679–7682. 

Tizard, I.R., Carpenter, R.H., McAnalley, B.H. and Kemp, M.C. (1989). The biological 

activities of mannans and related complex carbohydrates. Mol. Biother. 1: 290–

296. 

Tomomatsu, H. (1994). Health effects of oligosaccharides. Food Technology, 48: 61–

65. 

United States Department Agriculture. (2006). Official Statistics, USDA Estimates. 

Usui, T., Yamaoka, N., Matsuda, K., Tuzimura, K., Sugiyama, H., & Seto, S. (1973).

13C nuclear magnetic resonance spectra of glucobioses, glucotrioses, and 

glucans. Journal of the Chemical Society, Perkin Transactions 1, 2425-2432. 

Vazquez, M. J., Alonso, J. L., Domınguez, H. and Parajo, J. C. (2000). 

Xylooligosaccharides: manufacture and applications. Trends in Food Science & 

Technology, 11(11): 387-393. 

Vesentini, D., Steward, D., Singh, A. P., Ball, R., Daniel, G. and Franich, R. (2007). 

Chitosan-mediated changes in cell wall composition, morphology and 

ultrastructure in two wood-inhabiting fungi. Mycological research, 111(8): 875-

890. 

Warren, R.A.J., (1996).  Microbial hydrolysis of polysaccharides. Annual  Review  of 

Microbiology, 50:183-212. 

Westmore, J. B. and Alauddin, M. M. (1986). Ammonia chemical ionization mass 

spectrometry. Mass Spectrometry Reviews, 5(4): 381-465. 

Whitney, S.E.C., Brigham, J.E., Darke, A.H., Reid, J.S.G. and Gidley,  M.J.,  (1998). 

Structural aspect of the interaction of mannan–based polysaccharides with 

bacterial cellulose. Carbohydrate Research, 307: 299-309. 

Yang, Z., Yi, Y., Gao, C., Hou, D., Hu, J. and Zhao, M. (2010). Isolation of inulin‐type 

oligosaccharides from Chinese traditional medicine: Morinda officinalis How 

and their characterization using ESI‐MS/MS. Journal of separation 

science, 33(1): 120-125. 

Zaia, J. (2004). Mass spectrometry of oligosaccharides. Mass Spectrometry Reviews, 

23: 161–227. 



© C
OPYRIG

HT U
PM

99 

Zhao, Y., Kent, S. B. and Chait, B. T. (1997). Rapid, sensitive structure analysis of 

oligosaccharides. Proceedings of the National Academy of Sciences, 94(5): 

1629-1633. 

Zhou, C. H., Xia, X., Lin, C. X., Tong, D. S., and Beltramini, J. (2011). Catalytic 

conversion of lignocellulosic biomass to fine chemicals and fuels. Chemical

Society Reviews, 40(11): 5588-5617. 



© C
OPYRIG

HT U
PM

115 

BIODATA OF STUDENT 

Naveena Reddy A/P Kalidas was born in Kuala Kangsar, Perak, on 5 October 1989. 

She received her tertiary education in Universiti Malaysia Sabah from 2009 to 2012. 

She graduated with a Bachelor of Science Degree (majoring in Industrial Chemistry) 

with Second Class Upper Honours. In 2013, she pursued her Master of Science degree 

majoring in Phytochemistry at the Institute of Bioscience, Universiti Putra Malaysia. In 

the same year, she was awarded the Special Graduate Research Allowance by the 

School of Graduate Studies, Universiti Putra Malaysia.  



© C
OPYRIG

HT U
PM

116 

LIST OF PUBLICATIONS 

Journals 

Naveena Reddy Kalidas, Saminathan  Mookiah, Intan Safinar  Ismail, Faridah Abas, 

Prasenjit Maity, Syed Sirajul  Islam, Nurhuda Manshoor, Khozirah Shaari. 

(2017). Structural characterization and evaluation of prebiotic activity of oil 
palm kernel cake mannanoligosaccharides. Food Chemistry. (Under Review) 

Proceedings of Paper Presented in Conferences, Symposia, Congresses and 

Seminars 

Naveena Reddy Kalidas, Khozirah Shaari, Intan Safinar Ismail, and Faridah Abas. 

(2015). Isolation, Fractionation, and characterization of oligosaccharides 

extracted from Palm Kernel Cake (PKC) using Infrared Spectroscopy (IR). 

International National Conference of Natural Products, pp 54. 



© C
OPYRIG

HT U
PM

UNIVERSITI PUTRA MALAYSIA 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT 

ACADEMIC SESSION : 

TITLE OF THESIS / PROJECT REPORT : 

ISOLATION AND STRUCTURAL CHARACTERIZATION OF MANNANOLIGOSACCHARIDES 
FROM AQUEOUS PALM KERNEL CAKE EXTRACT 

NAME OF STUDENT :  NAVEENA REDDY KALIDAS 

I acknowledge that the copyright and other intellectual property in the thesis/project report 
belonged to Universiti Putra Malaysia and I agree to allow this thesis/project report to be placed at 
the library under the following terms: 

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational
purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

I declare that this thesis is classified as : 

*Please tick (√ )

CONFIDENTIAL (Contain confidential information under Official Secret 
Act 1972). 

RESTRICTED (Contains restricted information as specified by the 
organization/institution where research was done). 

OPEN ACCESS I agree that my thesis/project report to be published 
as hard copy or online open access. 

This thesis is submitted for : 

PATENT Embargo from_____________ until ______________ 
(date) (date) 

Approved by: 

_____________________ _________________________________________  
(Signature of Student) (Signature of Chairman of Supervisory Committee)  
New IC No/ Passport No.: Name: 

Date : Date : 

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from 
the organization/institution with period and reasons for confidentially or restricted. ] 


	ISOLATION AND STRUCTURAL CHARACTERIZATION OF MANNANOLIGOSACCHARIDES FROM AQUEOUS PALM KERNEL CAKE EXTRACT
	Abstract
	TABLE OF CONTENTS
	CHAPTER
	REFERENCES



