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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Doctor of Philosophy 

 
 
FUNCTIONAL PROPERTIES OF PALMYRA PALM (Borassus flabellifer L.) 

EXOCARP AND MESOCARP AND ITS POTENTIAL APPLICATION 

 

By 
 
 

RODIAH BINTI MOHD HASSAN 
 
 

January 2021 
 
 

Chairman : Prof. Jamilah binti Bakar, PhD  
Faculty  : Food Science and Technology 

 
 
Borassus flabellifer (B. flabellifer) with its immature and soft juicy seed nuts is 
popular as a natural refreshing drink. However, the peel (mesocarp and 
exocarp) is discarded and very negligible information is available on the 
potential of the peel as a food ingredient. The presence of bitterness 
(flabelliferins) in the peel could also be a deterrent to its acceptablility. This 
present study aimed to explore the physicochemical, composition and 
functional properties of the mesocarp and exocarp of B. flabellifer before and 
after removal of the bitter component with naringinase. The debittered 
mesocarp (DMP) was incorporated into a muffin to determine its effect on such 
product characteristics. The exocarp had significantly higher (p<0.05) insoluble 
dietary fibre than the mesocarp but lower soluble dietary fibre. Fructose, 
galactose, glucose, mannose, and sucrose were detected in both samples 
including phenol and tannins. Radical scavenging activity (157.05 mM TE/g) 
and reducing power (213.05 mM Fe2+) of the exocarp were significantly 
(p<0.05) higher compared to the mesocarp. Mesocarp and exocarp have good 
functional properties especially their water holding (7.11 and 5.99 g/g, 
respectively), swelling capacity (9.15 and 7.53%, respectively) and wettability 
(44.33 and 397.36 seconds, respectively). Subsequently, the mesocarp was 
selected for the enzymatic treatment, due to it has higher portion (39.6%-
50.3%) than exocarp (5.5%-6.0%) from the whole fruit peel. It was found that 
the debittering treatment of mesocarp was best carried out at naringinase 
concentration of 2.0 g/L, 5 h, pH 5.0 and at 55 °C. A 63.8% of flabelliferin was 
successfully removed from the mesocarp. The DMP had good water-holding 
(9.4 g/g), swelling capacities (7.8 g/g) and wettability (12.3 seconds). Scanning 
electron microscope image showed that the structure of DMP become smaller 
fragment and more porous after debittering treatment. The changes in 
sturucture had increase the DMP surface area and trap more water/oil 
molecules thus leads to a higher water/oil capacity. However, the solubility, 
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swelling and wettability of DMP were markedly decreased.  The substitution of 
DMP for wheat flour more than 1% resulted in a more compact muffin with a 
significant (p<0.05) increase in hardness and a significant (p<0.05) decrease in 
cohesiveness and resilience. The substitution of DMP in muffin formulations 
caused a significant (p<0.05) reduction in baking loss rate, specific volume and 
volume when the substitution level exceeded 3%. The DMP muffin had darker 
crumb and crust compared to control.  The sensory quality of muffin with a 1% 
substitution of DMP was found closest to the control muffin with no significant 
different (p>0.05) of score for all quality attributes tested. Colour, appearance, 
aroma, taste/flavour and texture were perceived lower in a muffin with 3-6% 
substitution of DMP. DMP could be appropriate for use as food ingredients if 
bitterness was removed more than 60%. It is recommended that DMP be 
incorporated into low-calorie and high-fiber products such as baked 
confectioneries, noodles, meat products and breakfast cereals. 
 
 
Keywords: Borassus flabellifer, bitterness, dietary fiber, muffin, naringinase, 

powder 
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SIFAT BERFUNGSI ESOKARP DAN MESOKARP PALMYRA PALM 
(Borassus flabellifer L.) SERTA POTENSI PENGGUNAANNYA 

 

Oleh 
 

 
RODIAH BINTI MOHD HASSAN 

 
 

Januari 2021 
 

 
Pengerusi   : Prof. Jamilah binti Bakar, PhD 
Fakulti  : Sains dan Teknologi Makanan 
 
 
Borassus flabellifer (B. flabellifer) dengan isi buah yang lembut dan berjus 
daripada buah yang muda popular sebagai minuman semula jadi yang 
menyegarkan. Walau bagaimanapun, kulit (mesokarp dan esocarp) dibuang dan 
terdapat maklumat yang sangat sedikit terhadap potensi kulit sebagai bahan 
makanan. Kehadiran kepahitan (flabelliferins) di dalam kulit juga boleh menjadi 
penghalang penerimaannya. Kajian ini bertujuan untuk mengkaji sifat fizikokimia, 
komposisi dan sifat berfungsi mesokarp dan esokarp B. flabellifer sebelum dan 
selepas penyingkiran komponen pahit dengan naringinase. Serbuk mesokarp 
dinyahpahit (DMP) dimasukkan ke dalam muffin untuk menentukan kesannya 
terhadap ciri produk tersebut. Esokarp mempunyai serat makanan tidak larut 
lebih tinggi (p<0.05) daripada mesokarp tetapi lebih rendah serat makanan larut. 
Fruktosa, galaktosa, glukosa, mannosa, dan sukrosa dikesan pada kedua-dua 
sampel termasuk fenol dan tanin. Aktiviti penimbunan radikal (157.05 mM TE/g) 
dan mengurangkan kuasa (213.05 mM Fe2+) daripada esokarp secara signifikan 
(p<0.05) lebih tinggi berbanding mesokarp. Mesokarp dan esokarp mempunyai 
sifat berfungsi yang baik terutama kebolehan memegang air (7.11 dan 5.99 g/g, 
masing-masing), kapasiti pengembungan (9.15 dan 7.53%, masing-masing) dan 
keterbasahan (44.33 dan 397.36 saat, masing-masing). Seterusnya, mesokarp 
dipilih untuk rawatan enzimatik, kerana ianya mempunyai nisbah yang lebih 
tinggi (39.6%-50.3%) berbanding esokarp (5.5% -6.0%) bagi kulit buah secara 
keseluruhan. Didapati bahawa rawatan nyahpahit mesokarp paling baik 
dilakukan pada kepekatan naringinase 2.0 g/L, 5 jam, pH 5.0 dan pada 55 °C. 
Sebanyak 63.8% flabelliferin berjaya dikeluarkan daripada mesokarp. DMP 
mempunyai kebolehan memegang air (9.4 g/g), kapasiti mengembung (7.8 g/g) 
dan keterbasahan (12.3 saat). Imbasan mikroskop elektron menunjukkan 
bahawa struktur DMP menjadi fragmen lebih kecil dan berliang setelah rawatan 
nyahpahit. Perubahan struktur telah meningkatkan luas permukaan DMP dan 
menyebabkan lebih banyak molekul air/minyak sehingga menyebabkan kapasiti 
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air/minyak lebih tinggi. Walau bagaimanapun, keterlarutan, pengembungan dan 
keterbasahan DMP nyata menurun. Penggantian DMP untuk tepung gandum 
lebih daripada 1% menghasilkan muffin yang lebih padat dengan peningkatan 
kekerasan yang ketara (p<0.05) dan penurunan yang signifikan (p<0.05) dalam 
dalam kohesif dan resilien. Penggantian DMP dalam formulasi muffin 
menyebabkan penurunan (p<0.05) yang signifikan dalam kadar kehilangan 
pembakaran, jumlah dan isipadu tertentu ketika tahap penggantian DMP lebih 
dari 3%. Mufin DMP mempunyai serpihan dan kerak yang lebih gelap 
berbanding dengan kawalan. Kualiti sensori muffin dengan penggantian DMP 
1% didapati paling hampir dengan muffin kawalan tanpa skor yang berbeza 
(p>0.05) untuk semua kualiti atribut yang diuji. Warna, penampilan, aroma, 
rasa/perisa dan tekstur adalah lebih rendah pada mufin dengan penggantian 
DMP 3-6%. DMP mungkin sesuai digunakan sebagai bahan makanan jika 
kepahitan dihilangkan lebih dari 60%. Adalah disarankan agar DMP dimasukkan 
ke dalam produk rendah kalori dan tinggi serat seperti kuih-muih berbakar, mi, 
produk daging dan bijirin sarapan pagi. 
 
 
Kata kunci: Borassus flabellifer, kepahitan, serat makanan, muffi, naringinase, 

serbuk. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of the Study  

Borassus flabellifer (B. flabellifer) Linn of the Arecaceae family is known as 
kelapa laut in Malaysia and globally called Palmyra palm. There are about 140 
million palmyra palms distributed worldwide (Sathya, 2019). In Malaysia, B. 
flabellifer tree is grown in several states such as Perlis, Kedah, Perak and 
Kelantan but statistical data are not available on production and trade (Ghazali 
Zakaria, Former Deputy Director, Plant Biosecurity Division, DOA, Malaysia 
pers. comm. 20 March 2018). When they are at three to four months old, the 
immature seed nuts are very popular as a refreshing drink because of their soft 
and juicy taste. However, the peel which consisted of the mesocarp and 
exocarp (40%–55% w/w of fruit) are discarded. This discarded portion could be 
a potential source as food ingredient such as functional food and food fortifiers.  
 
 
The pulp from the mature fruit was widely studied (Ariyasena et al., 2001; 
Kumar, Rajarajeshwari, & Narayana Swamy, 2012) for food and beverages for 
commercial use in the developing countries. Unfortunately, the utilization of the 
fruit pulp is deterred by the bitter compound present in the palmyrah fruit pulp; 
flabelliferin (FII), which is identified as a tetraglycoside (Nikawela et al., 2000; 
2011). It is expected that the same bitterness compounds are present in the 
immature B. flabellifer fruit peel. It is important to reduce the bitter taste to 
make them more appealing to consumers (Siti Rashima, Maizura, Kang, 
Fazilah, & Tan, 2017). Due to this reason, the removal of bitterness from this 
immature fruit peel is highly required. It was reported that the bitter compound 
of flabelliferin (FII) in the fruit pulp can be hydrolysed by the glycolytic enzyme 
naringinase (Jansz et al, 2002 and Jayaratnam 2015). Based on the 
characteristics of naringinase and reported effectiveness in the removal of 
bitter compound, naringinase could have similar effect on the immature B. 
flabellifer fruit peel.  
 
 
There is a negligible research on the exploitation of the Borassus fruit peel 
(mainly mesocarp) during the immature stage and the study of the removal of 
the bitterness from it. Thus, it is necessary to study these fruit peel to identify 
the alternatives for processing and reusing the by-product that are formed, 
overcoming environmental issues and adding value to these products. 
Furthermore, there was also scanty of research and innovation being ventured 
locally especially in utilizing high-fibre and nutritious edible raw material from B. 
flabellifer mesocarp as food ingredients for example into processed foods (i.e. 
noodles, energy bar and breakfast cereal) or bakery-based products (i.e. 
bread, cake and muffin). Therefore, by substituting potentially nutritive 
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ingredients in bakery products particularly in muffin will improve the nutritional 
quality of the baked products.   
 

1.2 Problem Statements 

Based on the observation, ASEAN countries produced a significant quantity of 
residues from immature B. flabellifer fruit. Unfortunately, no statistical data on 
percentage of accumulated residues from this fruit was reported. In Malaysia, 
negligible report on statistical data available for the amount of fruit residues. 
Since Malaysia is not the main producer of this plant therefore, data is recorded 
as negligible or no production (Ghazali Zakaria, Former Deputy Director, Plant 
Biosecurity Division, DOA, Malaysia pers. comm. 20 March 2018). Presently, 
the residues were disposed because they were assumed as non-edible due to 
its bitter taste and hard structure. As significant amount of residues were 
produced, it caused problems for their disposal. Thus instead of continuing with 
the wastage, an exploitation and conversion of these residues to a new source 
of functional food ingredients may be a significant option. To date many 
present researches focused mainly on the endosperm, mucilage and pulp 
(when it ripen). Therefore a study is warranted to evaluate the potential of B. 
flabellifer residues and for it to be viable for commercial functional food 
ingredient. 
 

1.3   Significance of the Study 

This study is significant both from the perspective of food biotechnology 
investigation and commercial application. Given the lack of investigation or 
experimentation on the viability of the B. flabellifer residues and the technique 
in bitterness removal, study will provide the methodological information to 
researchers. For the perspective of commercial application, the food industries 
shall benefit from the formulation and production of the B. flabellifer’s product, 
and eventually reach to the consumer. This is because the B. flabellifer discard 
has health-benefiting quality due to its dietary fibre content, antioxidants and 
good functional properties which may turn it into a new functional ingredient for 
the food industries. In fact, the commercial viability of the B. flabellifer residues 
can promote the development of B. flabellifer plantation in Malaysia. 
 

1.4   Objectives 

In general, the aim of this study is to analyze the potential utilization of B. 
flabellifer fruit peel as a functional food ingredient.  The specific objectives of 
the study are as follows: 
 

a) To evaluate the physicochemical, composition, and functional 
properties of mesocarp and exocarp of Borassus flabellifer.powders 
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b) To determine the effect of naringinase treatment in reducing bitterness 
of  the mesocarp powders  

c) To determine the physicochemical, composition and functional 
properties of the debittered mesocarp powders. 

d) To evaluate the effect of substitution of debittered mesocarp on 
muffin’s physicochemical and sensory properties. 
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