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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Master Science

LOCAL PALM HEARTS (UMBUT) AS POTENTIAL PREBIOTIC
INGREDIENTS USING IN VITRO COLON MODEL EXPERIMENTATION

By

CHAI LEE LING

February 2021

Chair : Prof. Shahrul Razid Sarbini, PhD 
Faculty : Agriculture Science and Forestry

Over the few past decades, rapid growth of palm trees has brought a significant
impact on economic development in Malaysia. However, many parts of local
palms are underutilized as scarce data available on the nutrient profiles of palm
trees in Malaysia. In this study, edible core from the palm trees cultivated in
Sarawak, Malaysia, notably the oil palm (Elaeis guineensis), sago palm
(Metroxylon sagu) and coconut (Cocos nucifera) were investigated for their
nutritive constituents and prebiotic potential. Inulin, which is a well-established
prebiotic, was used as positive control. The raw and cooked palm hearts were
prepared for a sequential gastrointestinal system model to study their stability
in the simulated saliva, gastric and intestinal conditions. Meanwhile, the pH-
controlled batch culture system was used to delineate the fermentation
properties on the colonic microbiota. Samples were obtained at 0, 6th, 12th and 
24th hour for bacterial enumeration by fluorescent in situ hybridisation (FISH)
and short-chain fatty acid (SCFA) analyses. Among the tested samples, sago
palm hearts showed significant highest carbohydrates content (66.81 %) and
significant highest potassium content (66 %). All the samples which are partially
resistant to the gastrointestinal enzymatic reactions induced similar selective
effects towards beneficial bacteria populations as inulin did at the end of
fermentation. The highest significant decrease (p ≤ 0.05) in Clostridium
histolyticum group populations was observed in the response of raw sago palm
hearts at the 24th hour. In general, all the tested substrates produced
significantly higher total SCFAs (p ≤ 0.05) than inulin at the 24th hour with the
highest production by sago palm heart which was used as raw (286.18 mM)
and cooked (284.83 mM). Overall, these findings suggested that raw local palm
heart species induced a selective effect towards human gut microbiota and
stimulated production of SCFA, indicating potential prebiotic ingredients.

Keywords: Prebiotics; Palm heart; Gut microbiota; Colon model; In vitro
fermentation
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Master Sains

UMBUT TEMPATAN SEBAGAI RAMUAN BERPOTENSI PREBIOTIK
MENGGUNAKAN EXPERIMANTASI IN VITRO MODEL USUS BESAR

Oleh

CHAI LEE LING

Februari 2021

Pengerusi : Prof. Shahrul Razid Sarbini, PhD
Fakulti : Sains Pertanian dan Perhutanan

Sejak beberapa dekad yang lalu, penanaman pokok sawit telah membawa 
impak yang besar terhadap pembangunan ekonomi di Malaysia. Walau 
bagaimanapun, banyak bahagian sawit tempatan menjadi sisa pembuangan 
hasil tanaman disebabkan kekurangan maklumat tentang profil nutrien pokok 
sawit di Malaysia. Dalam kajian ini, umbut daripada kelapa sawit (Elaeis 
guineensis), pokok sagu (Metroxylon sagu) dan kelapa (Cocos nucifera) ditanam 
di Sarawak, Malaysia disiasat untuk kandungan nutrien dan potensi 
prebiotiknya. Inulin, bahan prebiotik yang terkenal, digunakan sebagai kawalan 
positif dalam kajian ini. Sampel mentah dan dimasak disediakan untuk sistem 
penghadaman sistem gastrousus bagi mengkaji kestabilan jantung sawit dalam 
simulasi air liur, gastrik dan usus. Sementara itu, model usus besar dengan 
kawalan pH digunakan untuk meniru proses penapaian pada mikrobiota dalam 
gastrousus manusia. Penghasilan bakteria daripada sampel yang diperolehi 
pada 0, 6, 12 dan 24 jam penapaian dinilai melalui analisis hibridisasi in situ 
pendarfluor (FISH) dan analisis asid lemak rantaian pendek (SCFA). Antara
sampel yang diuji, umbut sagu menunjukkan kandungan karbohidrat tertinggi 
yang signifikan (66.81%) dan kandungan kalium tertinggi yang signifikan (66%). 
Semua sampel yang boleh tahan terhadap reaksi enzimatik gastrointestinal 
menimbulkan kesan selektif yang serupa terhadap populasi bakteria bermanfaat 
seperti yang dilakukan oleh inulin pada akhir penapaian. Penurunan signifikan 
tertinggi (p ≤ 0.05) dalam populasi kumpulan Clostridium histolyticum 
diperhatikan dalam tindak balas umbut sagu sawit mentah pada 24 jam. Secara 
umum, semua substrat yang diuji menghasilkan jumlah SCFA yang lebih tinggi 
(p ≤ 0.05) berbanding inulin pada jam ke-24 dengan pengeluaran tertinggi oleh 
jantung sawit sagu yang digunakan sebagai mentah (286.18 mM) dan dimasak 
(284.83 mM). Secara keseluruhan, penemuan ini menunjukkan bahawa spesies 
umbut sawit mentah tempatan memberikan kesan selektif terhadap mikrobiota 
usus manusia dan merangsang pengeluaran SCFA, yang menunjukkan ramuan 
prebiotik yang berpotensi.
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Kata kunci: Prebiotik; Umbut; Model usus besar; Sistem penapaian in vitro 
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CHAPTER 1 

INTRODUCTION 

1.1  Study background 

In alignment with Hippocrates’ aphorisms “Let food be thy medicine and 
medicine be thy food”, the concern on the administration of nutritive diet has
resulted in the growing interest in finding alternative sources for functional food,
such as prebiotics. Prebiotic is a non-digestible food ingredient that beneficial to
the host by selectively stimulating the growth and activity of one or restricted
numbers of colonic bacteria and thereby enhancing the host health (Gibson et
al., 2017a; Roberfroid et al., 2010). Recent years, there is some interest in the
alteration of the composition of the gut flora towards a potentially more remedial
community through colonic anaerobic fermentation. In fact, the consumption of
prebiotic has been shown to affect host health and well-being through various
metabolic and physiological activities such as improvement of nutrient
absorption, synthesis of bioactive compounds, improvement of intestinal barrier
function, resistance to gut infections and modulation of the immune system
(Sekirov et al., 2010). Realising on these health benefits of prebiotics, the global
prebiotics market is projected to augment demand over the forecast period.
According to a report by Grand View Research, Inc in 2016, the global prebiotic
market is expected to reach a revenue of USD 7.11 billion by 2024.

Nowadays, the discovery of ‘prebiotic plants’ over the world is important in
agriculture as well as medicine sectors which might offer better economic and
social benefits. The very rich biodiversity of tropical rainforest in Malaysia,
especially Sarawak offers an excellent source of indigenous vegetables and
fruits. Realising the diverse pharmacology properties of locally available
vegetables and fruits, most of the edible parts of plants can be utilised as health-
promoting ingredients. One of the most well-known prebiotic ingredients
naturally occurring in plants is inulin belonging to the group dietary fibres
(Roberfroid, 2005). It was first discovered by German scientist Valentin Rose in
1804, from the Inula helenium, which is known as elecampane in the sunflower
family Asteraceae (Boeckner et al., 2001).  Hence, the potential contribution of
commercialised local plants can be a great interest to researchers for
establishment of new direction towards alternative source of prebiotics from local
crops.

In Malaysia, the palm industry has become the major commodities as a raw 
material in agribusiness and major contributor to Malaysia’s export incomes. 
Palm trees are not only cultivated for their fruits, but other parts that may contain 
various nutritional properties (Sundram et al., 2003). Due to the growing global 
demand on palm-based products, the cultivation areas of commodity palm 
species are increasing tremendously. As one of the promising plants are from 
palm trees, the inner core or known as palm hearts may contain specific 
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carbohydrates with prebiotic characteristics. In most of the palm cultivation 
areas, the palm tree stems are often underutilised and simply thrown away. With 
a sweet, subtle taste reminiscent of artichoke and an appearance resembling 
white asparagus, hearts of palm are a delicacy which may offer substantial 
nutritional benefits.  

In this case, this study can provide information on the nutritional benefits of local
palm hearts in Sarawak. Subsequently, the stability of palm hearts in the
simulated saliva, gastric and intestinal conditions, as well as the effect of palm
hearts towards the major colonic bacterial population and metabolites production
through in vitro fermentation can further justify the study on the nutritive
constituents from palm hearts as potential prebiotic. Therefore, this study is
designed to explore more information and benefit of palm hearts towards human
gut health to discover new direction towards an alternative source of functional
foods from local crops. 

1.2 Significance of study 

The discovery of prebiotic-containing plants over the world is important in
agriculture as well as medicine sectors to establish new direction towards the
propagation of alternative prebiotic source which might offer better economic and
social benefits. Therefore, the potential contribution of the heart of palm
especially in terms of its nutritional values might be a great interest to
researchers for investigation on prebiotics potential in various edible parts of
palm species. However, research data on the phytochemistry and unique
nutritive constituents of the edible cores from the palm tree stems are still scarce.
Until now, only nutritional analysis on apong (Nipa fruticans) and nibong 
(Oncosperma tigillaria) palm hearts (Hoe et al., 1999) has been published. In
order to consider on the prebiotic potential of local palm hearts, the extracts must
be tested on resistance to gastrointestinal acidity, the ability of fermentation by
the gut microbiota producing metabolites such as short chain fatty acid (SCFAs)
as well as able to selectively stimulate activity and growth of one or restricted
number of gut bacteria that contribute to host health and well-being (Roberfroid
et al., 2010; Roberfroid, 2007a). Hence, this study is designed to explore more
information and benefit of hearts of selected palm species towards human gut
health through probiotics improvement.
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1.3 Objectives 

The objectives of this study are: 

i. To determine the proximate compositions and mineral contents of
selected local palm hearts;

ii. To access the stability of various types of palm hearts in simulated
gastrointestinal digestion;

iii. To evaluate the effect on the incorporation of palm hearts towards the
major colonic bacterial population and metabolites production through
fluorescent in situ hybridisation (FISH) and HPLC-UV analysis of
fermentation metabolites production.
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