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ABSTRACT 

Essential oils ofseven Musa spp.'s fruits namely, Musa acuminata colla 'gros michel ' (Musa 
acuminata gros michel), Musa acuminata colla 'lakatan' (Musa acuminata lakatan), Musa 
acuminata colla 'sucrier' (Musa acuminata sucrier), Musa acuminata x balbisiana "horn 
plantain ' (Musa acuminata x balbisiana horn plantain ), Musa acuminate x balbisiana 
colla 'saba' (Musa acuminata x balbisiana saba), Musa acuminata colla 'inarnibal' (Musa 
acuminata inarnibal) and Musa acuminata colla 'red' (Musa acuminata red) were extracted 
by hydrodistillation method using Clevenger appratus. The highest yield of essential oils 

were obtained from the Musa acuminata gros michel skin (0.43%) and flesh (0.28%). The 

major components identified in all seven Musa spp. 's fruit flesh oil are ~-phellandrene 
(9.56%) in Musa acuminata sucrier, a-cadinene (49.39%) in Musa acuminata x balbisiana 
saba, 13-epi-Manool (18 .77%) in Musa acuminata x balbisiana horn plantain, 6-methyl
5-Hepten-2-ol (27.33%) in Musa acuminata gros michel, isospathulenol (5.26%) in Musa 
acuminata inarnibal, palustrol (20.20%) in Musa acuminata red and Benzyl benzoate 

(12.48%) in Musa acuminata lakatan. In contrast, the major components identified in the 
skin oils are a-Terpinyl acetate (7.72%) in Musa acuminata sucrier, Eugenol acetate 

(19.75%) in Musa acuminata x balbisiana saba, ethyl decanoate (36.63%) in Musa 
acuminata x balbisiana horn plantain , Piperitenone (8.52%) in Musa acuminata gros 
michel, epi-l-Cubenol (22.77%) in Musa acuminata inarnibal, dehydro-1 ,8-cineole (34.47%) 

in Musa acuminata red and ethyl tetradecanoate (16.26%) in Musa acuminata lakatan. 
Toxicity of four Musa spp.'s fruits, namely Musa acuminata sucrier (skin and flesh), Musa 
acuminata x balbisiana saba (skin and flesh), Musa acuminata x balbisiana horn plantain 
(skin and flesh) and Musa acuminata inarnibal (skin), against Artemia salina showed 

LC50 >1 00 ppm which categorised tN10n toxic. 

Keywords: 	 Banana, Essential oils, Gas chromatography-Flame ionization detector 

(GC-FID), hydrodistillation, Musa spp. 
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ABSTRAK 

Minyak pati daripada tujuh spesies Jo.{usa iailu Musa acuminata colla ~ michel ' (Musa 

acuminata gros michel), Musa acuminata colla 'lakatan ' (Musa acuminata lakatan), Musa 

aCllminata colla '~sucrier ' (Musa acuminata sucrier), Musa acuminata ~ balbisiana 'horn 
plantain' (Musa acuminata x balbisiana horn plantain ) , Musa acuminate ~ balbisiana 
colla 'saba' (Musa acuminata x balbisiana saba), Musa acuminata colla 'inarnibal' (Musa 

acuminata inarnibal) dan Musa acuminata colla 'red' (Musa acuminata red) telah diekstrak 
menggunakan kaedah penyulingan hidro dengan menggunakan peralatan Clevenger. 
Peratusan tertinggi diperolehi daripada minyak pati bahagian kulit (0.43%) dan isi (0.28%) 

Musa acuminata gros michel. Komponen utama yang dikenal pasti dalam isi kesemua 
minyak pati spesis adalah fJ-phellandrena (9.56 %) dalam Musa acuminata sucrier, a

cadinena (49.39 %) dalam Musa acuminata ~ saba balbisiana , 13- epi-manool ( 18. 77 %) 

dalam Musa acuminata ~ balbisiana horn plantain, 6 -methyl-5- hepten -2 -01 (27.33 %) 

pada Musa acuminata gros michel, isospathulenol (5.26 %) pada Musa acuminata inarnibal, 
palustrol ( 20.20 %) pada Musa acuminata red dan benzil benzoat ( 12.48 %) pada Musa 

acuminata lakatan . Sebaliknya, komponen utama yang dikenal pasti dalam kulit minyak pati 
adalah a - terpinyl asetat (7.72 %) pada Musa acuminata sucrier, eugenol asetat ( 19.75 %) 

pada Musa acuminata ~ saba balbisiana , eti! dekanoat ( 36.63 %) pada Musa acuminata 
~ balbisiana, piperitenone ( 8.52 %) pada Musa acuminata gros michel, epi-1-cubenol 

( 22.77 %) pada Musa acuminata inarnibal, de hydro - 1,8- cineole ( 34.47 %) pada Musa 
acuminata merah dan eti! tetradekanoat ( 16.26 %) dalam Musa acuminata lakatan. Tahap 
ketoksikan empat spesies Musa, iaitu Musa acuminata sucrier (kulit dan isi), Musa 

acuminata ~ balbisiana saba (kulit dan isi), Musa acuminata ~ balbisiana horn plantain 

(kulit dan isi), dan Musa acuminata inarnibal (kulit), terhadap Artemia salina menunjukkan 
LC50> 100 ppm dan dikategorika't"sebagai tidak toksik. 

Kala Kunci: 	 Kromatografi gas-pengesan pengionan nyalaan (KG-PPN), Minyak pati, 
Penyulingan hidro, Pisang, Spesies Musa 
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1.0 INTRODUCTION 

1.1 General Introduction 

Essential oils had been used for a long time ago since the ancient civilization of Egypt, 

China, India and Rome for complementary therapy such as aromatherapy and alternative 

therapy (Krishna et al., 2000; Manniche, 1999). Essential oils refer to any concentrated 

liquid of plant that contain volatile compound that carries a distinctive scent, flavour, or 

essence of plants. Essential oils can be extracted from plant's part such as leaves, stems, 

barks, flowers and fruits. Essential oils are very valuable natural product that is used as raw 

materials in many fields such as food preservation, pharmaceuticals, alternative medicine, 

perfumes, cosmetics, aromatherapy, spiritual uses, spices and nutrition (Buchbauer, 2000; 

Evans, 1994; Svoboda & Deans, 1995). 

Chemical constituents presence in the essential oil are very valuable due to their 

biological activities such as antibacterial (Guenther et al., 1948), antifungal (Sienkiewiez et 

al., 2015), antiviral (Deans & Ritchie, 1987), anti-inflammatory (Koh et al., 2002) anti-lice 

(Murbach et al., 2014; Di et aI., 1985), anti-dandruff (Baratta et al., 1998), anti-tumour 

(Calcabrini et al., 2004), antioxidant (Aazza et al., 2014) and act as insect repellent (Gkinis 

et al., 2003). 

Musa spp. commonly known as banana, are tropical plant that have been consumed .... 
since many years ago by mankind and animals for its nutritious and delicious fruit. In 

Malaysia, Mllsa spp. are known as pisang. They are one of local's favourite fruit which are 

used for cooking and making dessert. Musa spp. comes from Musaceae family and 

approximately 1200 species of varieties are reported (Guylene, Berthe & Louis, 2008). 

Analytical research on the volatile compound ofMusa spp. had been carry out for more than 

30 years with various extraction method (Shiota, 1993). Generally, volatile compound of 

Musa spp. consists of three major components which are ester, alcohol, and carbonyl groups 



(ketones and aldehydes) (Jordan, Shaw & Goodner, 2001; Perez et al., 1997). This chemical 

constituent that present in Musa spp. are valuable especially in traditional and alternative 

medicine in some country such as India, Pakistan, United States and some other Asian 

country such as Malaysia, Thailand, Philippines and Indonesia because of the biological 

activities possess by them (Pari & Umamaheswari, 2000; O'hara et al., 1998; Orhan, 2001). 

1.2 Problem Statement 

There are few studies reported on the essential oils or volatile compound of Musa spp. 

especially those cultivar species that grow in Malaysia. Therefore, this study is perfonned to 

determine the chemical constituents and biological activity of essential oil from Musa spp. 's 

fruits. Thus, the chemical constituents in the essential oil of Musa spp. 's fruits will be 

extracted and analysed. The antibacterial activity and toxicity of Musa spp. 's fruit essential 

oils will also be tested. 

1.3 Objectives 

The objective of this research is to study about the chemical constituents and biological 

activities of essential oils from Musa spp. 's fruit. Hence, the specific objectives are: 

1. to extract essential oil~,esent in skin and flesh part of Musa spp. 's fruits. 

2. to analyse and to compare the chemical constituents of essential oils in Musa 

spp. 's fruits. 

3. to detennine and to compare the antibacterial activity and toxicity of essential 

oils in Musa spp. 's fruits. 

2 




2.0 LITERATURE REVIEW 

2.1 Essential Oil 

Essential oils have variety of other names such as essence, fragrant oil, volatile oil, 

etheric oil, aetheroleum or aromatic oil (Baser & Demirci, 2007). They are produced by plant 

as secondary metabolites to protect them against grazers such as fungi, insects or herbivores 

(Sell, 2010). Commonly, essential oils are extracted using hydrodistillation method. 

According to Sadgrove and Jones (2015), the process of hydrodistillation is done by heating 

the sample part or the source of tissue (leaves, stems or fruits) with present of water above 

its boiling point in order to produce mixed gases that expand and travel to the condenser. 

This mixed gases (steam and oil vapour) will be cooled to below 300e and condensed into 

two separated liquid phase which are hydrosol and essential oils. The essential oils can now 

be extracted using modem microwave-assisted hydrodistillation or microwave-assisted 

distillation (Asghari, Touli & Mazaheritehrani, 2012; Mohamadi, Shamspur & Mostafavi, 

2013). 

2.1.1 Chemical Constituents in Essential Oil 

Essential oils are complex mixture of hundreds saturated and unsaturated 

hydrocarbons, alcohols, aldehydes, esters, ethers, ketones, oxides phenols and terpenes (c. 

Schiller & D. Schiller, 1994; Wildwood, 1996). However, the components can be 

categorised into four major groups which are aliphatic compounds, terpenes, terpene 

derivatives and benzene derivatives (Kumar & Tripathi, 2011). These chemical constituents 

ofessential oils give those unique odours and characteristics of essential oils. However, the 

properties of the compounds from the essential oils that were extracted can be varies 

according to how, when and where these plants grown and harvested (Kumar & Tripathi, 

2011). 

.' 
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1.1 	 Musa Spp. 

Musa spp. or its commercial name banana, comes from Musaceae family along with 

plantains and ornamental bananas. According to Ploetz et al. (2007), Musaceae family 

consist of two genera which is Musa and Ensete. Musaceae family are native to Asia, Africa 

and Australia region. Musa spp. is a very important food crop in all region and are also used 

for ornamental purposes. Musa spp. are known with its high fibre contents and it is used in 

various products such as medicines, beverages, dyes, fuel, ingredient in cooking, and 

cordage wrapping materials (Ploetz et al., 2007). Musa spp. consist of 4 taxa which are 

Australimusa, Callimusa, Musa (Eumusa) and Rhodochlamys (Ploetz et al., 2007). Figure 

2.1 	show the family tree of Musaceae family. 

Australiamusa are reported to be native in New Guinea and northern Queensland, 

Australia. The example of species in Australiamusa section are Musa lolodensis, Musa 

mac/ayi, Musa peeke/ii and Musa textilis (Ploetz et al., 2007). Plant in Callimusa section 

are important as ornamentals purpose. Example of species in Callimusa section are Musa 

alinsanaya, Musa beccarii and Musa campestris. However, most of ornamental species are 

found in Rhodochlamys section. The example of plant in this section are Musa aurantiaca, 

Musa laterita and Musa mannii (Ploetz et al., 2007). The edible banana species are from the 

Musa or Eumusa section which originated from Musa acuminata (genome AA) and Musa 

balbisiana (genome BB). Musa acuminata is highly polymorphous, with spindly plants that 

grow in clumps and Musa balbisiana is homogenus hardy plant with massive pseudo-trunk. 

These two species are originated in monsoon area in the northern Southeast Asia, and 

southern Asia and AA genome can be found mostly in Malaysia, Indonesia, India and Papua 

New Guinea (ploetz et al., 2007). 
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Figure 2.1 Classification of Musaceae family according to Ploetz et al. (2007) 

From AA and BB genome group, hybrid triploids (AAA, AAB or ABB) and tetraploid 

(AAAA, AAAB, AABB or ABBB) are fonned. Tetraploid are usually produced through 

breeding program. The main genome groups are AA, AB, AAA, AAB and ABB (Bakry et 

al., 1997; Stover & Simmonds, 1987). According to Ploetz et al. (2007), a botanist and 

perceptive observer can classify the Musa spp. genome group by observing the plant part 

such as leaf thickness, shape and size of the male bud, scars left from falling flower on the 

lower fruit stalk, and details of male flower. Each cultivar's genome has its unique 

characteristics and varies with eac~~ther. 

AA or AAA genome group are the most Musa spp.'s fruits that consume in its natural 

state, raw when ripen because of its sweet taste. This genome groups are known as dessert 

bananas. The fruits of Musa spp. are covered by the skin to protect of the flesh until 

maturation. The skin of the fruit will change from green to yellow in colour upon maturation 

(Salvador, Sanz & Fiszman, 2006). Figure 2.2 shows the changes of the Musa's fruit from 

unripe to ripe. 
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EDdrely More green More Yellow Entirely Entirely 
creeD than yellow yellow with yellow yellow with 

than green green necks brown 
spots 

1 2 3 4 5 6 

Fipre 1.1 Colour index according to the commercial peel colour scale (Salvador el al., 2006) 

Cooking bananas or plantains comes from AAB, ABB or BBB genome group. These 

genome groups are very rich in carbohydrate but less valued as fresh product when ripe as it 

still contains starch (Valmayor, 2000). They can be consumed necessarily cooked or fully 

ripe. Therefore, they are mostly used as raw material for domestic and food industries for 

the production of flour, crisps, beer and wine (Akubor et al., 2003; Carreno & Aristizabal, 

2003; Lemaire et ai., 1997). Table 2.1 summarise the main cultivar of Musa spp. and its 

fiuits usage. In addition, natural Musa spp. oil are very valuable due to its aromatic properties 

and it is used in food industry as the ingredient for culinary preparation, pastries and cream 

products (Boudhrioua, Giampaoli & B~~i, 2003; Perez et al., 1997). 
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Table 2.1 The main cultivar of Musa spp. and its fruit usage (Rieger, 2006; 8akry el aI., 1997; Nakasone & 

Paull, 1999) 


Group Subgroup Cultivar Fruit usage Geographic 
distribution 

AA Sucrier Frayssinette Dessert All continents 
Figue sucree 

Pisang lilin Dessert Indonesia, Malaysia 
Musa acuminata Dessert 
lakatan 

Lakatan Dessert 

AAA Gros michel Gros Michel Dessert All continents 
Cavendish Lacatan, Poyo, Grand 

Nain, Williams, Petite 
Naine 

Dessert Exporter countries 

Figue rose Figue rose Dessert 

Lujugira Intuju Cooking, Beer East African 
highland 

Mujuba Cooking, Beer 

AAAA Champa nasik Dessert 

AAAB Goldfinger Goldfinger Dessert America, Australia 

AB Neypoovan Safet Velchi Dessert India, East Africa 
Sukari Dessert 

AAB Figuepomme Maca, Silk Dessert All continents 
Pome Prata Dessert Brazil, India 
Mysore India 
plantain French, Hom Cooking Africa Caribbean 

Come Cooking 

ABB Bluggoe Bluggoe Cooking Philippines, 
America 

Poteau Cooking 

Pisangawak Fougamou Dessert 

ABBB ,.I(lue Terapod Cooking 

BBB Saba Saba Cooking Indonesia, Malaysia 
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1.1.1 Musa acuminata colla (AA group) 'sucrier' 

Musa acuminata colla (AA group) 'Sucrier' is belong to AA genome group under 

sucrier subgroup and originated from Malaysia. In Malaysia, this species is known as Musa 

acumiTUlta sucrier. The others name for Musa acuminata sucrier are lady finger in English, 

Kluai Ichai in Thailand and Choi trung in Vietnam. It has very delicious sweet taste and can 

be easily found in Malaysia's local market. Musa acuminata sucrier' s fruits are smaller 

(finger-sized) compared to other species. Its length is approximately 6 - 12 cm with 3 - 4 cm 

diameter. However, its size depends on the condition of soil and climate (Ploetz et al., 2007). 

Musa acumiTUlta sucrier has a smooth, thin and golden yellow skin when it ripe (Lim, 2012). 

In contrast, flesh of the fruit has firm deep yellow to orangey flesh when ripe. In Malaysia, 

Musa acuminata sucrier is popular tropical fruit and the locals consume this banana in its 

natural state when it ripe. Figure 2.3 show the ripe hand of Musa acuminata sucrier when 

ripe. 

Figure 2.3 The ripe hand of Pisang mas or Musa acuminala colla 'Sucrier . 
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2.2.2 Musa acuminata x balbisiana Colla (ADD group) 'saba' 

Musa acuminata x balbisiana colla (ABB group) 'saba' is categorised in ABB 

genome group under Saba subgroup. It is mostly used for cooking and also can be consumed 

raw. This banana plays important role in many countries such as Thailand, Indonesia, 

Philippines and Malaysia as this banana is used as dessert and sweet snacks. In Malaysia, 

this species is known as Pisano Local people used this banana to make 'pisang goreng' or 

fried banana where it is mixed together with flour and deep fry in hot oil. Another common 

names of this species include Pisang Kepok in Indonesia, Kluai Hin in Thailand and Saba 

banana in English. Its fruits are 8 - 13 cm long and 2.5 - 5.5 cm in diameter. The fruits are 

angular with pointed tip and transverse section prominently ridged. During ripening, the 

colour changes from dull green to dull yellow. It has sweet, fine-textured and creamy white 

to pale yellow flesh. Figure 2.4 shows the ripe hand of Musa acuminata x balbisiana saba. 

Figure 2.4 The ripe hand of Pisang nepah or Musa acuminata )( balbisiana colla 'Saba ' 
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2.2.3 Musa acuminata colla (AAA Group) 'gros michel' 

Musa acuminata colla (AAA Group) 'gros michel' is a very excellent species in the 

keeping quality fruit among the Musa spp. and it have very delicious taste. According to Lim 

(2012), this gros michel bananas are originated from Martinique and used as standard export 

banana until mid-1990. Other name of this species is Pisang embun in Malaysia, Kluai hom 

dole mai in Thailand and Pisang ambon putih in Indonesia. Musa acuminata gros michel 

fruit's bunch weight about 15 - 25 kg with 10 - 14 hands and 12 - 14 fingers per hand (Figure 

2.5). Its fruits are medium to large in size (15 - 20 cm long with 3.5 - 4.0 cm diameter), 

sharply curved upwards and fruit apex pointed with persistent style. Musa acuminata gros 

michel's fruits have skin that changes form green to yellow colour when ripe. In addition, its 

skin also smooth and moderately thick. In contrast, the flesh is cream coloured and 

moderately firm. The flesh has a fairly aromatic essence and a sweet taste. 

Fl&ure 1.5 The semi-unripe hand of Musa acuminata gros michel or Musa acuminata colla 'gros michel ' 
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