PECTIN FROM DRAGON FRUIT PEEL (HYLOCEREUS
POLYRHIZUS) AS POTENTIAL HALAL GELLING
AGENT

BY

NURUL WIDAD FITRI BT MUHAMMAD

A thesis submitted in fulfilment of the requirement for the
degree of Master of Science (Halal Industry Science)

International Institute for Halal Research and Training
International Islamic University Malaysia

March 2020


http://www.google.com.my/url?url=http://www.iium.edu.my/educ&rct=j&frm=1&q=&esrc=s&sa=U&ei=KHqFVJaTIZKyuATNwoGoBw&ved=0CBMQFjAA&usg=AFQjCNH8CPBB4-yr6XSF1EeEZS5f3iT02w

ABSTRACT

Dragon fruit (Hylocereus polyrhizus) belongs to the group of Cactae from the genus
Hylocereus. This tropical fruit is known to have multi benefits in terms of its nutritional,
medical and commercial values. Dragon fruit is either eaten directly or processed into
juice and the peel will be discarded. A massive amount of the waste can be transformed
into beneficial materials. For example, the peel has a good ratio of insoluble to soluble
dietary fibre and can be considered as a good source of pectin. Pectin is a type of plant-
based gelling agent and is one of the key ingredients in food products. Commercial
gelling agents currently available on the market come from sources of bovine and
porcine. Nevertheless, due to religious constraints and restrictions on safety, the use of
this animal-based food quality enhancer has become less common. For these reasons,
there is an increasing demand for the replacement of animal-based gelling agents with
plant-based agents. This study was conducted to achieve multiple objectives. The first
was to determine the best extraction conditions to yield the maximum amount of pectin
from dragon fruit peels by using hot acid extraction. The second objective was to
determine the antioxidant activity of the extracted pectin using DPPH radical
scavenging activity. The final objective was to determine the physicochemical
characteristics of dragon fruit peel pectin in terms of Degree of Esterification (DE),
DSC, moisture and ash content, water and oil holding capacity, swelling capacity and
textural attributes. Distilled water was used as a solvent and hydrochloric acid (HCI)
was used to achieve the acidic medium. The experiment was conducted in a beaker that
was placed on the hot stirring plate. It was found that the best extraction conditions yield
the highest pectin amount (33%) were pH 3.5 and 75 minutes of extraction. Antioxidant
activity assessment using DPPH assays shows a decreasing trend of 50% inhibition
activity of dragon fruit peel pectin, indicating the presence of an antioxidant activity in
the extracted pectin. Dragon fruit peel pectin is categorized under the high methoxyl
group as the calculated DE is 52%. FTIR spectra had detected polysaccharides, the
functional group of pectin. Analysis using DSC revealed that melting temperature (Tm)
(122.01°C) and melting enthalpy (AHm) (385.40 mJ) of dragon fruit peel pectin is better
in comparison to commercial pectin. The moisture content of the extracted pectin (14.03
+ 1.925) was significantly different compared with the commercial pectin (p< 0.05).
Ash content of the extracted pectin (8.73 £ 1.218) was significantly different from the
commercial pectin (p<0.05). For holding capacity of water and oil and swelling
capacity, tests have been obtained to verify that the extracted pectin has a high potential
to be used as a gelling agent. The differences of textural attributes of the extracted pectin
gel were found to be insignificant in terms of hardness, cohesiveness and gumminess as
compared to the commercial pectin gel. Overall, the results obtained show that the
pectin extracted from dragon fruit peel is comparable to any commercial gelling agent.
Consequently, the extracted pectin may be used as another source of gelling agents in
food industries.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Dragon fruit (Hylocereus polyrhizus) or pitaya is a tropical fruit which belongs to the
Cactae family from the genus Hylocereus. The plant is tolerable to drought, heat and
poor soil (Hua et al., 2016) H. polyrhizus is native to Central America and is becoming
popular in Malaysia, Thailand, Vietnam, Philippine, and China. It has been widely
cultivated in fertilized lands and grows abundantly in warm, and humid environment.
In Malaysia, H. polyrhizus has gained popularity due to its sweet, refreshing fruit taste.
The tiny black seeds embedded in the flesh, the edible part of the fruit are crunchy and
has provided a unique taste. Dragon fruits are red, purplish colored and the fruits have
green scales, creating an exotic, scaly appearance which contributes to its name. Apart
from its taste and features, H. polyrhizus fruits have high concentrations with essential
nutrients including antioxidants, vitamins and minerals. It is also rich vitamin C and
contain anti- aging properties that can be used to treat photo aging (Leong, Show, Lim,
Ooi, & Ling, 2017). Besides vitamin C, it contains A and B vitamins, protein,
polyunsaturated fatty acid (PUFA), minerals including calcium, iron, potassium and
sodium (Sonawane, 2017). H. polyrhizus is eaten raw or made as juice. In this light, the
peels of the fruit are mostly discarded, creating considerable wastes (Fadzillah et al.,
2019). Studies have suggested that the peel might contain a rich amount of pectin
(Rahmati, Abdullah, Momeny, & Kang, 2015). Due to its high nutrient content,
extracting pectin from H. polyrhizus peels could be a good idea to make the waste

useful.



Meanwhile, the use of pectin, especially in the food industry, has benefited consumers
and suppliers alike. This plant-based material has distinctive characteristics as a gelling
agent, a stabilizer as well as a thickening agent. Studies have reported that the global
demand of pectin has exceeded 40, 000 tons per annum and is increasing by about 5%
in the main market sectors (Pagliaro, Ciriminna, Fidalgo, & Delisi, 2016). In 2015, the
average price of pectin exceeded 15 USD per kilogram and the market was close to
reach USD 1 billion (Idrovo et al., 2019). According to the analysis reported in 2017,
the global market size for pectin was estimated at USD 964.1 million and is growing at
Compound Annual Growth Rate (CAGR) of 7.1 % in 2025 (Cooper, 2017). The
application in the food industry is caused by the consumers’ demand for a gelatin
alternative. The distinctive characteristics of pectin as a gelling agent, a stabilizer and a
thickening agent resembles gelatin (Saha & Bhattacharya, 2014) and thus, researchers
are giving attention for its use as a substitute to gelatin (Abang Zaidel, Md Rashid,
Hamidon, Md Salleh, & Mohd Kassim, 2017; Begum, Yusof, Aziz, & Uddin, 2017;
Jaswir et al., 2016).

Pectin and gelatin are categorized under the same group of hydrocolloids
gelling agent. In food productions, hydrocolloids gelling agent has been used in jellies,
desserts, yoghurts and candies to provide thickening without stiffness through the
formation of gels. The addition of gelling agents helps to increase the consistency in the
texture, taste and mouth feel of food products. In this regard, gelatin is the most common
gelling agent available in the market as it is sourced from the skins and bones of animals
such as cows and pigs, which are readily available and cheaper compared to other
sources (Karim & Bhat, 2008; Nik Aisyah, Huda, Azhar, & Fazilah, 2014). In addition,
the ability of gelatin to form a gel, bind water, stabilize, and improve the texture of food

products made it among the most important ingredients in food manufacturing. In this



light, gelatin has been extensively used in popular food products include desserts, dairy
products, meat, bakery, wine and juice to improve their quality (Hanani, 2016). Apart
from the food industry, gelatin is widely used in the biomedical and pharmaceutical
fields as a gelling agent, such as in the preparation of three- dimensional tissue
regeneration and soft and hard capsule, respectively (Karim & Bhat, 2008).

Despite the extensive application of gelatin in food production, its usage has
several shortcomings linked to religious and health concerns as some types of gelatin
are sourced from pigs, which cannot be consumed by Muslims. The prohibition of
consuming certain foods, including pork, is mentioned in the Holy Quran, chapter 2,
verse 173:

“He hath only forbidden you dead meat, and blood, and the flesh of swine, and that
on which any other name hath been invoked besides that of Allah. But if one is forced
by necessity, without wilful disobedience, nor transgressing due limits, then is he
guiltless. For Allah is Oft-forgiving Most Merciful.”

This ayah clearly states that Muslims are forbidden from eating all portions of
the pig, its offspring, and other animals not killed in accordance with Islamic traditions.
In accordance with Muslim, the Jewish community must also has to abstain from eating
pork, while Hindus are also prohibited from eating beef and cow products and some
practiced vegetarianism (Karim & Bhat, 2009).

In addition to the religious restrictions on the use of pork and meat products,
swine flu infections and disease outbreaks such as Creutzfeldte Jacob Disease caused
by Bovine Spongiform Encephalopathy (BSE) prion in the 1980s have increased
consumer awareness of the source of gelatin used in their foods (Ali, Joe M., & Ismail,
2015; Mohd Dali, Sulaiman, A. Samad, Ismail, & Alwi, 2007).

Scientists have studied extensively the alternatives for mammalian gelatins

(porcine and bovine) following these events (Elgadir, Mirghani, & Adam, 2013; Jaswir



et al., 2016; Karim & Bhat, 2008, 2009; Mariod & Adam, 2013; Nik Aisyah et al.,
2014). One of the potential alternatives for mammalian gelatins, for example, is fish
gelatin. Nevertheless, the use of fish gelatin is limited because of the lack of available
and inexpensive raw materials, the different quality of the jelly produced and the risk
of allergic reactions (Karim & Bhat, 2009; Nik Aisyah et al., 2014). Other than fish
gelatin, it is also possible to replace existing mammalian gelatins with chicken skin
gelatin. In this way, due to the insufficient sources of resources, the industrial use of
poultry gelatin often faces the same challenge (Ali et al., 2015; Mhd Sarbon, Badii, &
Howell, 2013). Research have also indicated alternatives to plant-based gelatin
(Adzahan et al., 2014; Karim & Bhat, 2009; Lugovska & Sidor, 2015; Milani & Maleki,
2012), and the use of pectin as a replacement has been given attention by researchers in
recent years (Abang Zaidel et al., 2017; Fadzillah et al., 2019; Jaswir et al., 2016). The
data pectin from tropical fruits like dragon fruits, on the other hand, is still insufficient.
(Abang Zaidel et al.,, 2017; Adzahan et al., 2014; lzalin, Kharidah, Jamilah, &
Noranizan, 2016; Naderi et al., 2012; Tang, Wong, & Woo, 2011). This research was
therefore intended to provide a deeper understanding on physicochemical properties of
pectin extracted from dragon fruit peel that can be used in future applications as a

gelling agent and a prospective replacement for gelatin.

1.2 STATEMENT OF THE PROBLEM

Hydrocolloid gelling agent is an important ingredient in food productions as it changes
the rheology and improve the quality of food products. At present, gelatin, which is
derived from pig and cattle body parts, is the most commonly used hydrocolloid gelling
agents (Hanani, 2016; Mariod & Adam, 2013). The use of gelatin raises concern in

certain religious community as Muslim and Jewish are not allowed to eat pork and its



derivatives. The halal status of the cattle is also questionable and the emergence of
bovine spongiform encephalopathy (BSE) epidemic in European countries in the 1980s
brought medical concerns over the safety of products that use bovine gelatin (Karim &
Bhat, 2008). For these reasons, there are many studies that tried to find alternative for
gelatin, particularly from plant sources (Jaswir et al., 2016; Nur Farhana, Amin, Sadeq
Hasan, & Shuhaimi, 2017).

Dragon fruits are usually eaten raw or mixed in a drink, leaving their peels in waste.
It is proposed that pectin can be extracted from the peel and used as a gelling agent to
reduce waste and convert it into something useful. Therefore, as a possible gelling agent,
this research was conducted to determine the properties of pectin extracted from dragon
fruit peel. The results of this study will be useful, especially in the food industry,

because plant- based materials are free from religious issues and have no health risks.

1.3 SIGNIFICANCE OF THE STUDY

Common gelling agent available in the market is gelatin. However, the consumption of
gelatin raises many issues especially from religious and health conscious, as mentioned
previously. Thus, both consumers and researchers are finding the alternative from other
sources, including plant- based. Pectin is another type of gelling agent with high
possibility to be gelatin alternative. The goal of this analysis is to extract the pectin from
dragon fruit peel as a new source of gelling agent. In addition, this research is expected
to turn the waste (peel) into something valuable (pectin). Thus, this study can be used

to propose a new source of gelling agent that is free from any religious and health issues.



1.4 RESEARCH OBJECTIVES
1.4.1 General Objective
To study the physicochemical properties of pectin from dragon fruit (H. polyrhizus) peel
as a new potential halal gelling agent.
1.4.2 Specific Objectives
1. To determine the highest percentage of pectin yield that can be produced from
different exposure of time and pH value
2. To determine antioxidant activity of DFPP (dragon fruit peel pectin)
3. To characterize the physical and chemical properties of pectin from DFPP and

associate these properties with commercial pectin (CP).

1.5 RESEARCH QUESTIONS
1. What are the best condition of extraction to produce the highest number pectin?
2. How to determine if the DFPP possesses antioxidant activity?
3. What are the physicochemical characteristics of DFPP? What is the possibility

of making DFPP as new source of commercial pectin?

1.6 RESEARCH HYPOTHESES
1. Pectin can be extracted at the highest amount with the correct conditions of
extractions.
2. Antioxidant activity of DPP is confirmed by DPPH testing.
3. DFPP can be a new source of pectin proven by its physicochemical

characteristics.



CHAPTER TWO

LITERATURE REVIEW

2.1 DRAGON FRUIT (H. polyrhizus sp.)

Dragon fruit, known in Malay as buah naga, is a tropical fruit belonging to the
(Cactaceae) family. It is also known as pitaya and in Southeast Asia it is prevalent.
Across countries such as Vietnam, Indonesia, Thailand, China and Australia, the dragon
fruit plant is widely cultivated. Vietnam is currently the top exporter of dragon fruits,
with dragon fruits contributing to around 55% of the country’s export fruit turnover. In
Malaysia, the extensive cultivation of dragon fruit plants first started in 1999 when the
plants were planted in Johor, Setiawan in Perak and Kuala Pilah in Negeri Sembilan in
several regions. The cultivation of dragon fruit has expanded extensively where, in
2006, the total production of this fruit was 2,534.2 tons of 927.4 ha of land (Wan. M &
Cheah, 2008), and in 2013 the total the cultivation area was 1, 641 Ha and a total of 10,
961 tons of dragon fruits (Hoe, 2017).

A unique plant is the dragon fruit plant itself. This epiphyte plant grows in the
hot and humid environment of the peat land. With a thickness of 10- 12 cm, it has dark
green stems and can reach up to 10 m or more. The stems clamber and abundantly
branch out (Centerchem, 2012). Typically, a matured plant can produce a blooming
cereal bloom for just one night. With countless tiny black seeds, the inner part of the
flower is red- violet and the outer part is greenish yellow with purple dyes.
Subsequently, the H. polyrhizus plant produces fruits with a mouth- watering light sweet
taste highly sought after by fruit lovers, particularly in the Asian community. Dragon

fruits can ripen in a year for up to six cycles, and the process is propagated by seed or



stem cuttings in commercial cultivation. The price of dragon fruits sold on the market
depends on its quality, which is determined by various means. Dragon fruit of the best
quality can be seen as shown in Figure 2.1(a). It seems to be pretty mature and young.
The skin appears to be red in color with more greenish scales and clear from any
physical defects and injuries. Whereas the commercially acceptable quality of dragon
fruit is shown in figure 2.1(b). The skin is red in color, with few green colors on the
scales, and the presence of black spots reveals minor flaws. The fruit is, however free

from physical damages and therefore safe to eat.

(b)

Figure 2.1: The best quality of (a) dragon fruit and (b) the acceptable
quality of dragon fruit by the market



Meanwhile, the maturity indexes of dragon fruits are shown in Figure 2.2. The first
index is the immature fruit condition which is flower blooming on the 19" — 23 days.

The skin color and scale is green at this point, indicating that it is not ready for harvest.

The fruit is in the mature stage during second index (24" — 26" days). Red spots
on the fruits are found, but the fruit scales are still colored green. This is the moment
when the fruit is ready to be harvested especially for remote shipping and sea export in
particular. The fruit is almost ripe at the third index (27" — 29" flower flowering) and
the skin is completely red. It means that the fruit is now ready for harvesting by air and
sea for remote distribution and shipping. In the fourth maturity index (30" to 33" days
of flower bloom) the fruit is fully mature. Itis bright red in color and the scales is slightly
green. At this point, fruits are only suitable for express air transportation. Eventually,
after the flowering 34" days, the fruit is in the fifth maturity table. The color of the skin
becomes dark red and the color of the scale is yellow. Fruits are considered to be too

mature at this point and these fruits are only suitable for the local market to be sold.



1St
index

3rd
index

Figure 2.2: Maturity index of dragon fruits
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