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Abstract

Prebiotics are termed as substrates that can confer health benefits with selective utilisation by host microbiota. They are oligosaccharides
that can withstand gastric and enzymatic digestions in the small intestine. Prebiotics can be selectively fermented by probiotics in the large
intestine to produce short-chain fatty acids, vitamins, and other compounds. These compounds can enhance the host immunity against
diseases, normalise bowel movements, improve mineral absorption, and lower blood cholesterol level. Inulin, fructooligosaccharides (FOS),
galactooligosaccharides (GOS), lactulose, and xylooligosaccharides (XOS) are some examples of prebiotics. Prebiotics may be incorporated
as nutritional ingredients into various functional foods or presented as nutraceuticals in the form of tablets or capsules, sometimes with
probiotic cultures, for the benefit of consumer’s health. Most naturally occurring prebiotics can be found in some fruit and vegetables
such as beans, cereals, asparagus, onion, raw garlic, tomatoes, and legumes which can be extracted through several techniques. This
review paper provides the theoretical background on traditional extraction techniques such as chemical extraction, enzymatic hydrolysis,
autohydrolysis and several novel extraction techniques including microwave-assisted extraction (MAE) and ultrasound-assisted extraction

(UAE). The operating conditions, advantages and disadvantages are also discussed.
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Introduction

Human lifestyle has become more and more hectic with an
increased workload, longer working hours, lack of physical
activity, and various psychological pressure. This hectic lifestyle
has contributed to an increased incidence of chronic diseases
such as vascular disease, obesity, diabetes, and various cancers.
This has increased public awareness of the relationship between
diet and health. Many health-conscious people are now turning
to nutraceuticals and functional food for disease prevention and
health maintenance. This leads to an increased demand for food
ingredients with functionality and health benefits. According to
Shahidi [1], functional foods are defined as “products that resemble
traditional foods but possess demonstrated physiological benefits"
Functional foods not only provide nutrients but also promote health
and reduce therisk of diseases [2]. One example of functional foods
is prebiotic, which can play its part to reduce the risk of certain
diseases [3].

In 1995, the concept of prebiotics was introduced as non-
digestible food ingredients that can modulate the gut microbiota
[4]. According to Gibson and Roberfroid [4], prebiotics is classified
as “non-digestible food ingredients that beneficially affect
the host by selectively stimulating the growth and/or activity
of one or a limited number of bacteria in the colon, and thus
improves host health” Many food components, such as dietary
fibre, oligosaccharides, or polysaccharides, have been claimed
as prebiotics. However, not all dietary fibre or oligosaccharides
are prebiotics. Thus, the concept of prebiotics was then updated
with three criteria. Firstly, it must be resistant to human gastric
juice, mammalian enzymes, and gastrointestinal absorption.
Secondly, it must be selectively fermented by intestinal
microbiota. Finally, it must selectively stimulate the growth and

activity of gastrointestinal bacteria [5]. In December 2016, the
definition of prebiotics was revised by a panel of experts at the
International Scientific Association for Probiotics and Prebiotics
(ISAPP). Prebiotics are now defined as substrates that are utilised
by host microorganisms selectively and confer health benefits
to the host [6].

The most known prebiotics are inulin, fructooligosaccharides (FOS)
and galactooligosaccharides (GOS). Isomaltooligosaccharides
(IMO) and xylooligosaccharides (XOS) are the two recent
prebiotics that has been widely used as functional ingredients
in many food products. XOS is found occurring naturally in
bamboo shoots, fruits, vegetables, milk, and honey [7]. The
consumption of rice porridge fortified with XOS improved
the intestinal microbiota balance of human subjects under
investigation [8], demonstrating the prebiotic potential of XOS
incorporated into foods. In a pilot study of clinical observation
on the effect of the prebiotic XOS on the gut microbiota in
both healthy and prediabetic subjects, prebiotic XOS may be
beneficial in reversing the changes in gut microbiota during the
development of diabetes [9]. In addition, there is an increased
awareness of the potentials of phytobiotics or prebiotics in poultry
feed to exert growth-promoting as well as health-improving
effects [10].

The agricultural sector has contributed RM99.5 billion (7.3%)
to the Gross Domestic Product (GDP) of Malaysia in 2018 [11].
However, development in the agricultural sector is accompanied
by an increased quantity of agricultural waste, such as agricultural
crop residues, agro-industrial by-products, food processing waste
and so forth. One of the green strategies is to convert agricultural
waste into valuable commodities or extract something valuable
from them, such as prebiotics. This can reduce the overall cost
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of waste treatment as well as the detrimental impact on the
environment [12]. Currently, most of the potential prebiotics were
extracted from plant materials such as natural grass, onion, wheat
bran, and so forth. Extraction of prebiotics from agro-industrial
waste such as sugarcane bagasse, corncob and coconut husk has
yet to gain popularity, especially in Malaysia.

Sources and Types of Prebiotics

There are three techniques to obtain prebiotics: direct extraction
from natural sources, chemical hydrolysis of polysaccharides,
and enzymatic and chemical synthesis from disaccharides [13].
Most naturally occurring prebiotics, such as inulin, FOS, and
GOS, can be found in some fruits and vegetables such as beans,
cereals, asparagus, onion, Jerusalem artichoke, banana, raw
garlic, tomato, legumes as well as human milk and cow’s milk [13,
14, 15]. XOS and IMO can be synthesised from xylan and starch
as the raw materials, respectively [13]. Inulin, FOS and GOS are
considered established prebiotics, whereas XOS and IMO, which
are still in the early stages of study, are recognised as emerging
prebiotics [16, 17].

Fructooligosaccharides (FOS) and Inulin

FOS are oligosaccharide fructans, which are also known as
oligofructan. Itis a polymer that consists of fructose molecules [18].
FOS can be obtained from natural resources or produced from the
degradation of inulin. Inulin is an example of FOS that is linked by
B-2,1 bond with a terminal of a-1,2 linked D-glucose. Oligofructose
refers to the molecules with a degree of polymerisation (DP) of
3 to 5, while inulin refers to the molecule with a higher DP, in the
range of 2 to 60 [19]. Normally, synthetic inulin is obtained by
repeating fructosyl transfer that always results in the terminal
end of the glucose unit [18]. The yield of FOSs is affected by
different enzymes, fermentation methods, microbial sources, and
methodologies for the optimisation of nutritional and culture
parameters [20]. FOS is resistant to the hydrolysis of salivary and
digestive enzymes due to this structural configuration. FOS is
mainly used as a sweetener in yoghurt, biscuits, or other dairy
products [21].1tis also used in infant formula to support beneficial
bacteria [22].

Galactooligosaccharides (GOS)

GOS, or oligogalactose, consists of various galactose chain fraction
connected by different types of linkages such as 8 (1—3) and
B (1—4) between the fractions [19]. GOS are normally found in
the milk of mammalians in low concentration. GOS can also be
produced from lactose by -galactosidase enzymes through
transglycosylase activity [19, 21]. The yield and type of GOS
produced are affected by the enzyme sources, dosage, feedstock
concentration and production condition [23]. Most of the GOS
has a degree of polymerisation of 2 to 8 monomeric units. GOS
are commercially used in foods such as baked goods, beverage,
infant formula together with FOS at the range of 6.0 to 7.2 grams
of GOS per litre [24].

Isomaltooligosaccharides (IMO)

IMO is one of the potential prebiotics that is normally enzymatically
synthesised using starch as a substrate [25]. IMO consists of a-D-o-
glucose oligomers linked by a-1,6-glycosidic linkages with a degree
of polymerisation in the range of 2 to 10.Isomaltose, isomaltotriose,
isomaltotetraose, isomaltopentaose are some of the examples of
oligomers. IMO mostly occurs naturally in fermented foods such
as sake, miso, and soy sauce [26]. Health benefits of IMO are in
promoting the growth of beneficial bacteria in the colon, reducing
blood cholesterol and triglycerides as well as improving the
mineral absorption from food in the body [27]. The IMO is generally
recognised as safe (GRAS) by the FDA in the United States with a
maximum daily intake of 30.0 grams IMO per day [28].

Xylooligosaccharides (XOS)

A long-chain polymer of xylose linked with 8-1,4-linkage is known
as XOS [29]. XOS is produced from the hydrolysis of xylan fraction in
plants. XOS can also be obtained from natural resources like bamboo
shoots, vegetables, and milk [30]. The structure of XOS differsamong
the resources in terms of the degree of polymerisation, monomeric
units, and type of bonding. The yield of XOS that can be recovered
from different systems is subjected to the process conditions and
biomass substrates used. For example, by using steam explosion
treatment, up to 52 % of XOS (w/w of initial xylan) were obtained
from Miscanthus, an established biomass crop within Europe [31].

Generally, XOS is linked with -1,4-linkage with a degree of
polymerisation in the range of 2 to 10 [29]. Xylobiose which is
made up of two xylose units, is also considered XOS as it has
prebiotic properties [29]. Apart from that, xylan with several side
groups such as a-D-glucopyranosyl uronic acids, acetyl groups, or
arabinofuranosyl residues also possesses different diverse biological
properties. As XOS is an emerging prebiotic, this review paper
focuses more on the extraction techniques of XOS from various
plant materials.

Health Benefits of Prebiotics

Prebiotics has demonstrated several health benefits. They can
improve colonic integrity, enhance the immune system, improve
mineral absorption, reduce intestinal infections, and prevent
constipation as well as suppress allergic response [15, 24, 32]. For
example, GOS possesses health benefits such as improving stool
frequency and relieving symptoms of constipation, especially
for elderly and pregnant women [33]. On top of that, beneficial
bacteria in human large intestine such as Bifidobacteria and
Lactobacilli consume GOS as a substrate for their growth [33]. With
the increase in beneficial bacteria growth, the immune response
of human could be improved with the reduction of proliferation
of pathogenic bacteria.

Besides, XOS can improve bowel function and calcium absorption,
able to demonstrate cytotoxic effects towards leukaemia cells, and
can reduce the risk of colon cancer [34, 35, 36]. The risk of vascular
instances has been reduced due to the consistent consumption of
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prebiotics [37]. Besides being noncarcinogenic, FOS also has many
health benefits such as the ability to improve the gastrointestinal
condition, reduce constipation, and to enhance mineral
uptake [38].

The main prerequisite for a substance to be claimed as a prebiotic
is the ability to stimulate the growth and activity of beneficial
bacteria in the gastrointestinal tract and thus confers health
benefits to the host [39]. Short-chain fatty acids (SCFAs) produced
through the fermentation of prebiotics by the beneficial gut
bacteria such as acetic acid, butyric acid, and propionic acid,
cause a reduction of pH in the colon [32]. Lower pH values
inhibit the growth of pathogenic bacteria while stimulating
the growth of beneficial bacteria such as Lactobacilli and
Bifidobacteria [13].

Extraction Techniques

To date, many research works have been conducted on prebiotic
extraction and analysis. Extraction of prebiotics from natural
resources with high lignocellulosic materials (LCM) can be carried
out with different techniques such as chemical extraction,
autohydrolysis, and enzymatic hydrolysis of the potential substrate
as well as a combination of these approaches. Although there are
several conventional extraction methods available, researchers
are still looking for novel or advanced techniques that are more
cost-effective with a higher yield.

Chemical Extraction

There are two types of chemical extraction of prebiotics, namely
alkaline extraction, and acid hydrolysis. In alkaline extraction,
sodium hydroxide or potassium hydroxide are the two most used
alkalis. The general purposes of alkaline and acid hydrolysis are to
disrupt the association of lignin with cellulose, as well as to dissolve
the hemicellulose [40]. The alkali used can help to break down the
cell wall and separate hemicellulose from lignin by breaking the
ester linkage. The lignin of alkaline-treated sample can be removed
without degrading other components as compared to the acid-
treated sample [41].

On the other hand, sulphuric acid (H,SO,) is the commonly used
acid for acid hydrolysis. The use of nitric acid, phosphoric acid and
hydrochloricacid are also reported in some studies. Both dilute acid,
and concentrated acid solutions can be used for acid hydrolysis to
break the rigid structure of the LCM. The concentration of acid alters
the severity of the lignocellulosic fractionation. The treatment with
concentrated acid will result in more monomeric sugar product for
biofuel production. In most of the cases with xylan as an example,
alkaline extraction will be conducted first to extract the xylan from
the samples, which are derived from hemicellulose, followed by
acid hydrolysis or enzymatic hydrolysis to break down the long
polymer xylan to XOS.

In a comparative study conducted by Peng et al. [42], the
sugarcane bagasse was subjected to sequential treatment and
precipitation to fractionate the hemicellulose from bagasse.

Those hemicelluloses are then further exposed to extraction by
hot water treatment and alkaline treatment. From the finding,
the alkaline treatment showed more potential to extract the
hemicellulose from the sugarcane bagasse with less monomeric
sugar production.

Samanta et al. [43] extracted XOS from corncobs by using a
combination of alkaline treatment and acid hydrolysis. They
reported xylan yield of 32.38% by exposing the samples to 12%
of sodium hydroxide (NaOH) solution together with the steam
application. Kaur et al. [44] also extracted the XOS from sugarcane
bagasse by using the same treatment approaches. This was
achieved first by treatment with 15% NaOH followed by 0.25M
H,SO, for xylan hydrolysis with a time interval of 20 minutes (mins).
The optimum yield of xylose, xylobiose, and xylotriose were 2.014,
2.106, and 1.228 mg/mlL, respectively.

Some of the researchers combined alkaline pretreatment with
enzymatic hydrolysis. Samanta et al. [45] reported a xylan yield of
98% through the extraction from natural grass (Sehima nervosum)
by NaOH followed by enzymatic hydrolysis with xylanase.
Nascimento et al. [46] studied the effect of alkaline pretreatment
for the production of ethanol and XOS from sugarcane bagasse
under different conditions. From the study, the best condition was
achieved when 6% w/v NaOH was used to treat the sample for
60 mins with 55% of yield and no monomeric compound being
produced. Furthermore, enzymatic hydrolysis by using immobilised
xylanase yielded 37% of xylobiose, 20% of xylotriose (w/w), and a
trace amount of xylose [46].

Khat-udomkiri et al. [47] extracted XOS from rice husk by
alkaline pretreatment followed by enzymatic hydrolysis. In the
study, response surface methodology (RSM) and Box-Behnken
design were employed to optimise the extraction process. The
favourable conditions were: 12 to 18% alkaline pretreatment with
atemperature range of 110 to 120°C and steaming duration of 37.5
to 40 mins. For the enzymatic hydrolysis, there was 17.35+0.31 mg
XOS per mL xylan reported underrun condition of 6.25 mg xylanase
per g xylan, with 9 hours (h) of incubation time.

Generally, chemical extraction is simple and easy to conduct in
the laboratories. However, it requires a large amount of solvent.
Besides that, the disposal of the solvent used, which leads to a
waste management problem is another issue to be considered
seriously. Furthermore, the type of raw materials, concentration
of solvent, treatment temperature, and duration of the treatment
were reported to possess significant impacts on the resulting
extracts [48].

Autohydrolysis

In the early 1930s, liquid hot water (LHW) or autohydrolysis was
used to remove hemicellulose from wood prior to pulping. The
hemicellulosic chains were broken down by the hydronium ions
through hydrolytic action. The strength of autohydrolysis is cost
saving as it does not require any specific solvent or catalyst.
The hemicellulose and cellulose fractions of the sample can be
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separated in different phases directly through filtration after
hydrolysis. Hemicellulose is normally found in the water phase
while the cellulose-enriched fractions are in the solid phase.
Although autohydrolysis can eliminate the usage of chemical
solvent for the extraction process, the end products of the
extraction will contain more monomeric sugar [49]. One of the
limitations of this method is the requirement to maintain the pH
in the range of 4 to 7 to prevent the formations of inhibitors as
well as to retain the hemicellulosic sugar in oligomeric form. More
severe treatment conditions are required for the sample with a
higher amount of lignin to obtain targeted purity levels of the
desired product [50]. On top of that, hot water extraction requires
a high input of energy.

In a study by Jahromi et al. [51], up to 16.81% of oligosaccharides
with a degree of polymerisation from 2 to 8 were successfully
extracted from palm kernel cake. The sample was first treated
with different solvents, namely, water, ethanol, neutral detergent
solution, acid detergent solution, and 1M of H,SO,. From the
study, the extraction with water resulted in a higher yield
of oligosaccharides. Apart from that, they reported that
oligosaccharides from palm kernel cake demonstrated prebiotic
potency as they stimulate the growth of Lactobacillus sp.

Another research was conducted by Surek and Buyukkileci
[52] to evaluate the XOS production from hazelnut shell by
autohydrolysis. The best treatment condition was at 190°C
and 5 mins holding time, that produced 62% of xylan. The
resulting xylan was subjected to acid hydrolysis to get the XOS
followed by quantitative analysis by High-Performance Liquid
Chromatography (HPLC).

Enzymatic Hydrolysis

Enzymatic hydrolysis is considered one of the commonly used
methods due to its reaction specificity and lack of by-products
formation. Furthermore, the reaction can be conducted in a mild
condition which does not require high temperature or pressure,
chemical solvents, or corrosive materials. The enzyme action can
be improved by pre-isolating the substrate. For example, XOS
production with enzymatic hydrolysis is normally associated with
hemicellulose extraction prior to hydrolysis, resulting in a two-stage
process [53].

Purified xylanase from Clostridium strain BOH3 was able to
produce 572 and 504 mg XOS/g of pure xylan from mahogany
and mango woods, respectively [54]. The same treatment
conditions were employed for the extraction from mahogany and
sawdust after alkaline treatments, and the resulting yields were
compared. Based on the study, the yield of the XOS were 89.5 and
67.6 mg XOS/g pretreated sample, respectively. Moreover, the
extracted XOS showed a strong prebiotic effect on Lactobacillus
and Bifidobacteria. This indicates the potential of woody
wastes as prebiotics.

Some prebiotics can also be produced through transglycosylation.
Transglycosylation refers to the transfer of sugar residue from one

glycoside to another [55]. For instance, GOS is produced from
lactose which undergoes transglycosylation together with the aid
of B-galactosidase enzymes. However, the type of GOS produced
depends on the types of $-galactosidase enzymes used, as well as
the reaction conditions [35].

Microwave-assisted Extraction (MAE)

Microwaves are electromagnetic radiations with a frequency
from 300MHz to 300GHz. There are four major components of a
microwave system: microwave generator (magnetron), waveguide,
applicator or resonance cavity and circulator. All the commercial
or domestic microwave systems emit radiation at a frequency of
2.45GHz.

MAE is the extraction process that utilises microwave energy to
heat up the solvent and facilitate the partition of analytes from the
sample matrix into the solvent [56]. According to Kaufmann and
Christen [57], microwave radiation will interact with the dipoles of
polar materials then induce and transfer heat from the surfaces.
This dipole reaction will disrupt the hydrogen bonding and hence
promotes penetration of solvent to the samples. Microwave
system can be further categorised into two types based on how
the microwave energy is subjected to the samples: closed-vessel
microwave systems and open-vessel microwave systems. Closed-
vessel systems, also known as diffused microwaves, is the earliest
microwave systems with the closed-vessel and multimode cavity.
The advantages of the closed-vessel system include less solvent
consumption and prevention of the loss of volatile substrate.
It allows several samples to be extracted at the same time.
Furthermore, it can achieve a higher temperature with the increased
pressure in the closed vessel. Unfortunately, the high pressure
and temperature requirement also become the limitation of this
system due to the risk of overpressure or degradation of bioactive
compounds under high temperature.

Open-vessel microwave systems, also known as focused microwave
or single-mode systems, describes the microwave extraction at
atmospheric pressure with a single-mode cavity. The strength of
open-vessel microwave system is that its operating condition is
safer compared to closed-vessel systems. Reflux device can also
be set up, and the solvent can be added anytime throughout the
extraction process. The energy transfer in open-vessel systems is
also more efficient. The drawback of this system is that temperature
is limited to the boiling point of the solvent used. Furthermore, a
large quantity of solvent is required, and only one sample can be
extracted at a time.

In general, the most significant strength of MAE is reduced
extraction time and solvent volume as compared to the
conventional method. The MAE approach can be used to extract
polysaccharides but is limited to the small-molecules phenolic
compounds which are stable under microwave heating condition
such as phenolic acids, isoflavin and quercetin [56, 58]. Moreover,
MAE performance will be influenced by sample size, sample
nature, temperature and pressure, solvent volume, and microwave
power [59, 60, 61].
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Zhang et al. [62] extracted the polysaccharides from bamboo
leaves using MAE under different temperatures and extraction
durations with a fixed heating power (800W). From their study,
some monosaccharides such as arabinose, galactose and glucose
were reported along with some mannose, fructose, and xylose.
The effect of extraction time and temperature on the yield of
polysaccharides were investigated. They reported the yield of 1993
mg/L polysaccharides by increasing the temperature to 70°C and
extraction time to 40 mins. The researchers recommended that
the extraction time of MAE to be reduced to less than 60 mins for
a higher yield of final products.

In short, MAE is a widely used method for lignocellulosic feedstock
treatment because of various reasons such as simple operation, low
energy requirement, high heating capacity in short duration of time,
minimum generation of inhibitors and degradation of structural
organisation of cellulose fraction [63].

Ultrasound-Assisted Extraction (UAE)

UAE is another novel extraction method that employs ultrasound
in the range of 20kHz to 2000kHz. The surface contact between
the solvents and samples and permeability of cell walls can be
increased by the acoustic cavitation from the ultrasound [64,
65]. Acoustic cavitation refers to the bubble formation, growth,
and implosion during the propagation of ultrasound wave in
the solvent [66]. There are two types of devices that can supply
high power ultrasound, namely ultrasonic bath, and probe-
type ultrasound equipment. For both systems, a transducer
acts as the source of ultrasound power. Ultrasonic bath is the
most common device which includes a stainless-steel tank and
transducers [67]. Like the MAE, UAE possesses the advantages
of reduced extraction time as well as solvent volume. However,
ultrasound energy at higher frequency might result in free
radical production that negatively affects the phytochemical
compounds [57, 64]. The overapplication of sonication may reduce
the degree of polymerisation and produce oligomers and even
monomers [68].

Yang et al. [69] applied two different acoustic energy densities
(0.18 W/mL and 0.45 W/mL) of ultrasound power to extract xylan
from corncob. The corncob used for extraction was first subjected
to dilute acid treatment, followed by sonication treatment. At
the end of their experiment, between the two conditions they
used, there was 39% of xylan yield attained in 43 mins by using
0.45 W/mL acoustic energy and 121°C steaming temperature. On
the other hand, the conventional treatment (without sonication
treatment) was able to extract only 34% of xylan in 24 h.The results
indicated that the UAE could reduce the extraction time while
increasing productivity at the same time.

Jovanovic-Malinovska et al. [70] employed UAE to extract
prebiotics from four types of fruits (blueberry, nectarine, raspberry,
watermelon) and eight types of vegetables (garlic, Jerusalem
artichoke, leek, scallion, spring garlic, white onion) using optimised
conditions of 63% (v/v) ethanol, the temperature of 40°C and
extraction time of 10 mins from RSM. From the study, the individual

fractions of FOS were found in all fruits and vegetables. They
concluded that UAE has great potential to extract the prebiotics
(FOS and raffinose family oligosaccharides, RFO); however, the type
of prebiotic extracted is dependent on the nature of the starting
materials.

Other Extraction Techniques

Other extraction techniques, such as pressurised liquid extraction
(PLE) and supercritical fluid extraction (SFE) have the potential to
be used for prebiotic extraction. Nevertheless, these two methods
are costly and are less popular in prebiotics extraction.

PLE, also known as accelerated solvent extraction (ASE) or high-
pressure solvent extraction, is one of the promising extraction
techniques that use high temperature and pressure for automated
extraction of solid or semi-solid samples with organic solvents.
High temperature is used to increase kinetic energy for extraction
while high pressure allows the solvent remains in liquid form. PLE
can reduce solvent consumption and extraction time with elevated
temperature and pressure.

SFE employs a supercritical fluid for the extraction of analytes from
a solid sample. A supercritical fluid is any substance that displays
physical properties of both liquid and gas at its critical point.
Supercritical carbon dioxide (CO,) is an example of a supercritical
solvent. The strengths of SFE include fast and selective extraction,
environmental-friendly solvent, and the ease to obtain the solvent-
free extract. Unfortunately, the high initial cost of the equipment
becomes the major drawback of this method.

Conclusion

To recapitulate, chemical extraction, autohydrolysis, and
enzymatic hydrolysis are the extraction methods that most
researchers are familiar with. The advantages of chemical
extraction and autohydrolysis are their simplicity and availability.
Another strength of autohydrolysis is cost saving as it does not
require any specific solvent or catalyst. However, the production
of monomeric sugar after exposure to longer extraction time and
the solvent disposal issue is the limitations of chemical extraction.
Whereas the limitations of autohydrolysis are high energy input
and pH must be maintained in the range of 4 to 7 to prevent
the formation of inhibitors. For enzymatic hydrolysis, it has the
advantages of being specificand does not generate by-products.
Enzymatic hydrolysis can be conducted in mild conditions
that do not require high temperature or pressure, chemical
solvents, or corrosive materials. Nevertheless, long incubation
time is needed for enzymatic hydrolysis. Several factors must
be determined appropriately for enzymatic hydrolyses such as
enzyme concentration, substrate concentration, temperature, pH,
and presence of inhibitors. Both MAE and UAE have advantages
in reducing the extraction times and solvent consumption. In
addition, MAE and UAE do not require expensive equipment
as compared to SFE and PLE. However, MAE has the limitation
as the performance will be influenced by sample size, sample
nature, temperature and pressure, solvent volume, and microwave
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power. The yield of extract will decrease with an increase in the
extraction cycle. Meanwhile, UAE at a higher frequency will result
in a reduced degree of polymerisation and generation of more
monomeric sugar. The selection of the extraction technique is
dependent on the samples used and the target compounds. Thus,
optimisation of prebiotics extraction from different materials is
required to reduce the expenses and increase the yield of products
with high purity at the same time. In Malaysia, there are limited
studies on the extraction of prebiotics from agro-industrial waste.
The valorisation of agro-industrial waste as raw materials for the
production of prebiotics could be an attractive alternative for
the agro-industry. Valorisation of agro-industrial waste through
conversion to prebiotics resolves not only environmental
problems but also creates alternative sources of functional food
ingredient.
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