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ABSTRACT

This study was conducted in Sekolah Pertanian Lestari (SPL) laboratory to evaluate the
effect of packaging and storage periods on physicochemical characters of Moringa
oleifera leaves. The mature leaves were freshly harvested and packed into two
different packaging materials; Polyethylene (PE) and polypropylene (PP) bag and
labelled as treatment 2 (T2) and treatment 3 (T3) respectively. Treatment 1 (T1) was
a control, unpacked leaves. These treatments were stored inside cold room with
temperature of 6+2°C. The parameters involved were weight loss, visual appearance,
chlorophyll, carotenoid and ascorbic acid content. These parameters were evaluated
for every four days interval until day 16 due to the end of storage period of the leaves
as a result from pre-test for shelf life determination. Newly expanded leaves were
chosen for parameter test. All data were analyzed by Two-way ANOVA and Tukey's
test for mean comparison. The results showed that there was significant interaction
between different treatments and storage periods on weight loss. No interaction
between them on other parameters. T1 (51.62%) was the highest of weight loss
compared to T2 and T3, while T3 (6.03%) had slightly reduction of weight loss during
storage period. T1 showed change of colour of leaves obviously until day 4. After day
4, the colour score was significant lower than day 0 and 4. There was no significant
different of treatments on chlorophyll content. Day 0 (5.29 pg g'ml™?) resulted in
higher significantly of mean chlorophyll content, carotenoid and ascorbic acid content.
T2 (43.99 ug g*) and T3 (156.96 pg mi™*) showed the highest mean of carotenoid and
ascorbic acid respectively. The study concludes that PP bag was the best packaging

material within the period of 4 days in preserving and maintaining quality of M. oleifera
leaves.




KESAN PEMBUNGKUSAN DAN TEMPOH PENYIMPANAN TERHADAP FIZIKAL
DAN KIMIA DAUN Moringa oleifera

ABSTRAK

Kajian ini telah dilakukan di makmal Sekolah Pertanian Lestari bagi mengkaji kesan
pembungkusan dan tempoh penyimpanan terhadap ciri-ciri fizikal dan kimia daun
Moringa oleifera. Daun yang matang dituai dan dibungkus dalam dua jenis
pembungkusan yang berbeza, iaitu polietilena sebagai rawatan 2 (R2) dan
polipropilena sebagai rawatan 3 (R3). Rawatan 1 (R1) merupakan kawalan yang mana
tidak ada bahan pembungkus yang terlibat. Tiga rawatan ini telah disimpan di dalam
bilik sejuk yang bersuhu 6x2°C. Parameter yang terlibat termasuklah jumlah
kehilangan air, penampilan visual, kandungan klorofil, kandungan karotenoid dan
kandungan asid askorbik. Setiap parameter telah dinilai pada setiap 4 hari dalam
tempoh 16 hari penyimpanan daun tersebut. 16 hari merupakan tempoh masa
penyimpanan berdasarkan dengan keputusan pra-ujian yang telah dilakukan. ‘Newly
expanded leaves’ telah dipilih untuk diujikaji. Semua data telah dianalisis dengan
menggunakan ANAVA dua hala dan ujian Tukey digunakan untuk perbandingan purata.
Keputusan menunjukkan terdapat interaksi diantara rawatan yang berbeza dan tempoh
masa penyimpanan terhadap kehilangan air dalam daun. R1 (51.62%) merupakan
rawatan yang tertinggi dalam kehilangan air manakala R3 (6.03%) adalah rawatan
yang mempunyai kehilangan air terendah sepanjang tempoh penyimpanan. R1
menunjukkan perubahan warna yang ketara pada hari ke-4. Tiada perbezaan beerti
antara rawatan dengan kandungan klorofil tetapi ada perbezaan untuk tempoh
penyimpanan. Hari 0 (5.29 ug g’'ml™) mempunyai kandungan klorofil yang tertinggi.
R2 (43.99 pg g') mempunyai kandungan karotenoid tertinggi dan R3 (156.96 pg mi?)
mempunyai kandungan askorbik asid yang tertinggi. Kesimpulannya, polipropilena

adalah rawatan yang paling berkesan dalam tempoh 4 hari untuk mengekalkan kualiti
pemakanan daun tersebut.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Moringa oleifera is the most widely cultivated herb species of the genus Moringa. It
belongs to family Moringaceae and native to India. The most common names for M.
oleifera are moringa, benzolive tree, kelor and murunggai. It is also known as drumstick
tree because of the fruit’s appearance which is long, slender, triangular seed pods and
horseradish tree (Price, 1985). M. oleifera has potential in improving nutrition, boost food
security, foster rural development and support sustainable land use. Not many people
know about the existence of moringa as a herb because of its stem and it is not a shrub
plant. The height of moringa may reach until 10 m (Radovich, 2011).

In Malaysia, herbs are very common and popular for their multipurpose especially
as medicine. Many initiatives have been taken by the Malaysian government in order to
promote the industrial development of herbs because of their high economic and
pharmaceutical (Goblinmed, 2010). In the Third National Agricultural Policy, medicinal

plants are chosen as one of commodities to lead Malaysia as the centre of raw materials
for industrial uses.

According to the Malaysian Industry-Government Group for High Technology
(MIGHT), the value of herbal related products in Malaysia is more than RM4.5 billion a
year in 2005 and was expected to achieve a growth rate of 10 to 15% per annum.

Nowadays, less than 10% of materials are used in the production of traditional medicines
are cultivated locally.

The rest are either imported from overseas or collected from the wild. Malaysia is

one of countries that is over dependent on imported product or raw materials which is

leading to exposure of inconsistence supply, price instability and adulteration with




low quality materials. It slows down the growth of the Malaysian herbal industry and will
result in the outflow of foreign exchange.

Malaysian Herbal Corporation (MHC) is active in promoting the industry of herbs by
organizing many activities such as consultancy services. People are assured about the
importance of herbs nowadays. The statistic shows that there is the economic contribution

drastically increased from year 1999 which is RM4.55 billion to RM 8 billion in year 2006,
which is 10% increase per year (Efindi, 2009).

The World Health Organization (WHO) also reported that 80% of people in the
world are using traditional medicines and number is increasing including teenagers. Herbal
medicines are very popular and profitable in the international market (WHO, 2008).
Malaysia’s rain forest is known as tropical rain forest which is 19 million hectare
approximately. Malaysia is reported as 2,000 types of medicinal plants or herbs. In Sabah,
there is 1,250 species of plants that have been identified including their scientific names
and medicinal values. Statistic shows that the total of import value for medicinal plants
and aromatic plants increased from RM141 million in the year 1985 to RM431 million in

the years 1996. This increasing amount automatically increases quantity of the healthy
food which is 15% per annum.

Sabah has a rich biodiversity which provides a huge potential for the herbs, spices
and aromatic industry because herbs have huge international market. Deputy Chief
Minister of Sabah, Datuk Yahya Hussin said that herbs can also be cultivated by small
farmers and poor people in rural area besides using herbs for market in a big scale. He
also said, “M. oleifera is a crop categorized as herbs with many uses and products plus
highly profitable international market, especially for the oil produced from the fruits.

Indian usually use the fruit of M. oleiferain curry dishes. The leaves are highly nutritious
which is used for tea.” (Online Utusan, 2010).

M. oleifera is a highly valued plant that is mostly cultivated in the tropics and
subtropics. It is used for food, medicinal and industrial purposes. The leaves have been

used to combat malnutrition, especially among infants and nursing mothers (Price, 1985).

The nutritional content of Moringa leaves compares very well to common foods
such as Vitamin A, Vitamin C, Calcium, Potassium, Protein, and B vitamin. In order to
preserve and maintain the quality of the leaves, postharvest storage and packaging are
very important. Packaging treatment could also increase the shelf life of Moringa leaves.
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The leaves are not for human consumption only but also for animal productivity as it has
nutritional, therapeutic and prophylactic properties. When an animal is exposed to
pathogen, antibodies need to be raised to fight the infection. To gain immunity, the animal

needs energy, proteins and vitamins in animal’s body in order to fight the infection
(Radovich, 2011).

Post harvest handling of herbs is another important aspect in production of raw
materials for the commercial traditional medicines producers. Fresh horticultural produce is
highly perishable with some estimates suggesting a postharvest loss of between 30-50%
in fruits and vegetables especially in Asia. The losses in leafy vegetables are very high in
the hot-wet season when compared to root or tuberous crops. The losses are due to poor
pre-production and postharvest management as well as lack of appropriate processing and
marketing facilities and breakdown in the distribution system. The problems of postharvest
technologies are more critical in developing tropical countries than in the case of
temperate countries. This is because of poor infrastructural facilities, transportation
bottleneck and high temperature. The investment in research and in establishing proper
infrastructural facilities and its optimum use has paid rich dividends in many countries. The
trade in perishable vegetables has now been very much globalised. This has been made

possible mainly because of the many technological innovations that had been developed in
storage, transport, and postharvest technology.

There are many aspects of postharvest handling operations that need to be looked
into in future research. Some of them are pre-cooling of produce, modified and controlled
atmosphere packaging, improves packaging for distribution and refrigerator transport. The

other problem is mostly Asian countries give priority of these programs to fresh fruits
rather than vegetables.

1.2 Justification

This study is about initiatives to maintain the quality of M. ofeifera, a plant with
high nutritional value that not many people know about. There is less awareness about
the importance of M. oleifera as herbs to people for health. There are many facts that
show M. oleifera to be a beneficial plant in which almost all parts can be eaten (Radovich,

2011). M. oleifera can be commercially used as staple food to cure diseases especially for
malnutrition,



Malnutrition has become a very serious problem in the world. With high value of
vitamin A in M. oleifera, it can help reduce malnutrition problems in the world. Besides,
many studies have shown that the leaves contain many protein, vitamin C, iron and
calcium, compared to other green vegetables and they can be used for many purposes
such as fodder, medicine and human consumption. This study concerns itself more on the
effect of storage to shelf life of M. oleifera leaves.

In order to preserve the quality of post-harvest M. oleifera leaves, good storage
with suitable temperature (cold) is needed to maintain the physicochemical characteristics
of the leaves. Plastic material were chose as the treatments for packaging of M. oleifera
leaves because it is cheaper, easy to handle and capable to extend shelf life based on
previous studies. Moreover, it is affordable and farmers, retailers and distributers

nowadays apply this method to avoid mechanical injury, inhibit pathogen growth and
prolong shelf life. :

1.3 Objective
The objectives of this study are:

1. To determine the effect of packaging on physicochemical characters of Moringa

oleifera leaves.

To determine the effect of storage periods on physicochemical characters of
Moringa oleifera leaves.

1.4 Hypothesis

Hypothesis for this study are:

a) Ho: There are no significant effects of packaging treatment in physicochemical
characters of Moringa oleifera leaves

Hi: There are significant effects of packaging treatment in physicochemical
characters of Moringa oleifera \eaves




b)

Ho,: There are no significant effects of storage periods in physicochemical

characters of Moringa oleifera leaves

Hi: There are significant effects of storage periods in physicochemical characters of

Moringa oleifera leaves

PERPUSTAKAAN
UNIVERSITI MALAYSIA SABAH

UMS



CHAPTER 2

LITERATURE REVIEW

2.1 Botanical description of Moringa oleifera

Moringa oleifera belongs to family Moringaceae. M. oleifera is native to India (Figure 2.1
in Appendix A) and growing widely in tropics and subtropics. M. ofeifera is a tree with
freely branches and extremely fast growing. It can reach heights in excess of 10 m or 33
ft but usually the tree size is small to medium. The leaves are tripinnate compound with
green to dark green elliptical leaflets 1-2 ¢cm long. The flowers are borne on

inflorescences with size of 10-25 cm long and generally white to cream colored, although
sometimes they can be pink for other varieties. (Radovich, 2011).

The fruit is a tri-lobed capsule or called a pod. Immature pods are green and in
some varieties have some reddish color. Pods are brown and dry at maturity which is
contain 15-20 seeds. Seeds are large with three papery wings. Seed hulls are generally
brown to black, but can be white if kernels are of low viability. The viable seeds will

germinate within 2 weeks. Almost all parts of the M. oleifera tree are used for food, oil,
fiber and medicine.

Pods and leaves are the most important parts in the Pacific. Young pods are
consumed as vegetable. The very young pods are fibreless. This is because the weight is
low for very young pods, including the commercially produced and more fibrous pods are
used in soups, stews and curries. The nutritious leaves are eaten in many dishes including

soups, stew and stir fries. The demand for human consumption of pods and leaves can be
generally met by one or two backyard trees (Radovich, 2011).




The seeds can be roasted and eaten as peanut. Studies show that the seeds act as
flocculent to clarify water and as a source of non-drying and very stable oil. The
coagulants are used in water treatment processes for turbidity removal and classified into
natural, inorganic and synthetic organic polymer. The coagulants are biodegradable and
cause no harm to human. So, seeds from M. oleifera have been identified to be one of
effective primary coagulants for water treatment (Katayon et al, 2006). Besides, the
seeds produce oil. The oil is clear, sweet and odourless (Anwar et al., 2006). It is an edible

oil and can be used in the cosmetic industry. The many uses and benefits of this plant are
listed in Table 2.1 below.

Table 2.1: Uses and benefits of M. oleifera parts

Tree Parts Uses and benefits

Leaves Nutritional, forage, biomass,

plant growth hormone, medicinal

Flowers Nutritional, medicinal, honey
Fruits Nutritional, medicinal

Roots Medicinal

Seeds

Cosmetics, food, water treatment, medicinal

Wood Paper, alcohol production, animal feed, medicinal

Bark Rope making, gum for tanning hides, medicinal

Source: Noamesi et al., 2006
2.2 Nutritional Values of Moringa oleifera Leaves

M. oleifera leaves contain high protein content which is 20-35% on a dry weight basis.
The protein content has all the essential amino acid on it. M. oleifera is reported to have
high quality protein which is easily digested and that is influenced by the quality of its
amino acids (Foidl et al, 2001). According to Foidl and and Paull (2008), M. oleifera leaves
rich of nutrients such as vitamin A, vitamin C, calcium and potassium. The other study
proved that the leaves are high in beta carotene and vitamin C when in raw. The beta
carotene will be converted to vitamin A in human body. Usually the leaves are used as
herbs because of their high value of antioxidants and they can be eaten when in raw to




gain the benefits of vitamin C. Boiling also enhanced antioxidant activity of moringa
leaves.

Price (1985) stated that nutrient content was higher in mature than young leaves,
though people usually prefer to eat young shoots. Vitamin A was highest during the hot-
wet season, whereas iron and vitamin C were highest during the cool-dry season. The
leaves are the highest sources of minerals and vitamin B1. The leaves contain low
phosphorus, fat and carbohydrate but high value of calcium and protein (Price, 1985).

The iron content is higher in the leaves due to report from Philippines about
prescribed for anemia. There is three times more bio-available iron in boiled M. oleifera
leaves than in raw materials. Besides that, the leaves contain high dry matter production
around 20-25% compared to other plants that contain 10% dry matter. Research showed

that 100 g of fresh leaves will bring twice as much nutritive material as 100 g of most
other vegetables (Naomesi et al., 2006).

Nutritional deficiencies can be reduced by consuming M. oleifera leaves as
vegetables and herbs for pregnant woman and breast-feeding process. Pregnancy and
breast-feeding need high content of iron and calcium to avoid risk of any deficiencies.

Breastfeeding women are suggested to take 400 to 1,000 pg of vitamin A for daily
supplement. Therefore, 100 grams of fresh M. oleifera leaves could theoretically cover
100% of daily needs, but this is depending on storage conditions and how they are eaten,
without exposed to light or heat (Naomesi et al, 2006). According to Mustapha and

Babura (2009), carotenoid content inside the Moringa leaves are higher than other
vegetables such as carrots.

To gain high nutrient retention, it is advised to consume fresh leaves for a short
time or eat them in raw since M. oleiferais called as herbs. Fuglie (2005) states that 8 g
serving of dried leaf powder will satisfy a child of 1-3 years with 14 % of the protein, 40
% of the calcium, 23 % of the iron and nearly all the vitamin A that the child needs in a
day. As little as 20 grams of dried leaves would provide a child with all the vitamins A and
C he needs. It is fast growing and drought resistant, remaining green when other leafy

vegetables are out of season. This makes it available all year round as a supplement to
the diet.




Table 2.2: Nutritional values of M. oleifera leaves in different forms

Nutritional analysis Pods (per 100 Fresh raw leaves Dried leaf powder
grams) (per 100 grams) (per 100 grams)
Moisture (%) 86.9 75 7.5
Calories 26.0 92.0 205.0
Protein (g) 25 6.7 27.1
Fat (g) 0.1 1.7 2.3
Carbohydrate (g) 37 134 38.2
Fiber (g) 48 0.9 19.2
Mineral (g) 20 2.3
Calcium (mg) 30.0 440.0 2003.0
Magnesium (mg) 240 24.0 368.0
Phosphorous (mg) 110.0 70.0 204.0
Potassium (mg) 259.0 259.0 1324.0
Copper (mg) 31 11 0.6
Iron (MQ) 5.3 0.7 28.2
Oxalic acid (mg) 10.0 101.0 0.0
Sulphur 137 137 870
Vitamin A - Beta 0.1 6.8 16.3
carotene (mg)
Vitamin C - ascorbic 120 220 173
acid (mg)

Source: Dolcas Biotech, 2006
2.3 The Importance of Postharvest Handling

Appropriate production practices, careful harvesting and proper packaging, storage and
transport are contributing to produce good quality of vegetables. Production practices
have a tremendous effect on the quality of fruits and vegetables at harvest and on
postharvest quality and shelf life. Firstly, it is well known that some cultivars ship better
and have a longer shelf life than others. In addition, environmental factors such as soil
type, temperature, frost, and rainy weather at harvest affected the storage life and
quality. For example, carrots grown on muck soils do not hold up as well in storage as
carrots grown on lighter, upland soils. Lettuce harvested during a period of rain does not
ship well and product losses are increased (Herner and Robert, 1989).

Quality cannot be improved after harvest, it can only be maintained. Therefore it is
important to harvest fruits, vegetables, and flowers at the physiological maturity with
suitable size and quality. Immature or over mature produce may not last as long in
storage as that picked at proper maturity (Wilson et al, 1995).

Harvest should be completed during the coolest time of the day, which is usually in
the early morning, and produce should be kept shaded in the field. Handle produce
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gently. Crops destined for storage should be as free as possible from skin breaks, bruises,
spots, rots, decay, and other deterioration. Bruises and other mechanical damage not
only affect appearance, but provide entrance to decay organisms as well.

For postharvest and storage, there are many things need to be considered such as
packaging and temperature. Packaging should be designed to prevent physical damage
and be easy to handle. There are many types of packaging nowadays such as
polyethylene (PE) bags, modified atmosphere packaging (MAP) and polypropylene (PP)
bags.

Temperature is the single most important factor in maintaining quality after
harvest. Refrigerator storage reduces aging, undesirable metabolic changes and
respiratory heat production, moisture loss, spoilage due to invasion of bacteria and
undesirable growth. The stage of development at which a product is regarded as mature
depends on its final use. There are no general rules when it comes to defining horticultural
maturity.

A lot of research has been done to establish maturity parameters for a whole range
of specific horticultural products. Maturity must be defined for each product in some cases
for each variety of a particular product. The use of maturity standards provides consumers
with @ minimum level of quality assurance. Another reason for establishing maturity
standards is that most horticultural products are harvested by hand. A simple color guide
and size can help pickers harvest produce at the correct stage of development.

2.4 Packaging material of leafy vegetables

Packaging is purposely made to reduce loss of quality, deterioration by pathogen,
mechanical damages from harvesting, transportation and storage. Packaging also plays
main role in prolonging product’s shelf life besides maintain the quality and its marketable
life. Many plastic bags are cheap such as PE, which is providing modified atmosphere for
any product. There are many alternatives to pack vegetables using many types of

packaging materials and it is considered as high technology in order to minimize the post
harvest losses. '

2.4.1 Packaging for fresh fruits and vegetables

Fresh vegetables are living organisms which the physiological and biochemical activities
are continuous even after harvest. Fresh vegetables contain 80 to 90% of moisture
content. They will dry rapidly with normal atmospheric condition if there is no any
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treatment applied to them and the dry happened because of transpiration process.
Transpiration is releasing water from plants through leaves. Aimost 90% of water that
enter the plants is used for this process. The other 10% is for photosynthesis and cell
growth. Transpiration rates are influenced by weather condition such as temperature,
humidity, sunlight, light intensity, precipitation, soil type and saturation, wind and water.
When the moisture loss is high, commodity deterioration will be occurred including
microbes infection and shorten shelf life (Das and Bhardwaj, 2012).

In order to minimize losses of water due to transpiration, the vegetables should be
stored in low temperature and high humidity place. This is to longer the shelf life and
maintains the market quality of the vegetables. The proper storage condition may help
reducing transpiration (Ben-Yehoshua, 1969). Respiration process is aiso involved and
related with transpiration process. Respiration is chemical process by which fruits and
vegetables convert sugar into carbon dioxide, heat and water. The heat produce may

deteriorate vegetables and fruits. The water vapor pressure is increases as well as the
transpiration process.

The materials that involved in packaging of fresh fruits and vegetables are
bamboo, wood, gunny bags, plastic films, fiber and corrugated boards. Bamboo basket is
low and not strong enough to withstand rough handling. Woods cannot be reused because
they are heavy and difficult to bring. Cushioning materials also being used to store
vegetables and fruits such as dry grasses, paddy straw, leaves, saw dust, paper shreds
and so on. They are very useful, resilient property, free from infection and heat of
respiration is released and disappears. For example, Cassia leaves are effective in
maintaining the quality.

Plastic is one of the best packaging of almost all vegetables and fruits because
these products are perishable. This is because it reduces cost of packaging material and
less dependent on limited sources such as wood (FAO, 2002). Mango is packed in plastic
bag to reduce bruising during transportation. There are many types of plastic for
packaging usage; polypropylene (PP), polystyrene (PS), polyethylene (PE) and PVC.
Polypropylene (PP) has good properties and it can be reused for a few times. The example
of polypropylene usage is on apple for maintaining its quality while in long distance
transportation. PP is also harder and has higher softening point than PE. Polystyrene (PS)
is rigid, brittle, transparent plastic. It is same as PE and PP. Three of them have

transparent type. PS is fairly permeable to gases. And high water vapor transmission rate
(FAO, 2002).
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