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In vitro REGENERATION OF Dioscorea alata WITH ANTHOCYANIN AND 

ANTIMICROBIAL ACTIVITY 

ABSTRACT 

An efficient protocol was developed for rapid propagation and regeneration of the 

Dioscorea alata L. locally known as ‘ubi badak’ because of their rhinoceros-shaped 

tubers. In the present study, direct and indirect regeneration were induced to produce 

plantlets of Dioscorea alata L. For direct regeneration explants (leave, stem and node) 

were cultured on MS media supplemented with various combinations and concentrations 

of BAP and NAA to induce microshoots and roots formation. The optimum medium for 

microshoots formation was MS medium supplemented with 1.0 mg/l BAP and 0.5 mg/l 

NAA with the number of microshoot is 23.07±0.44 from node explant. While for root 

formation, MS medium supplemented with 2.0 mg/l NAA is the optimum medium with 

mean number of roots formation 17.40±0.58. For indirect regeneration, microtubers 

formation, callus induction, somatic embryogenesis and synthetic seeds production were 

studied. MS medium supplemented with 1.0 mg/l NAA and1.0 mg/l BAP, is the best 

medium for microtubers formation with 15.57±0.18 mean number of microtubers. MS 

medium supplemented with 1.0 mg/l BAP and mg/l 1.0 NAA was the best medium for 

microtubers germination with percentage of germination 76.67±0.08 %. Callus induction 

was obtained on MS media supplemented with various concentration of 2,4-D, NAA, 

TDZ, BAP, myo-inositol and activated charcoal. Node explant cultured in MS medium 

supplemented with 2.0 mg/l 2,4-D and 1.0 mg/l BAP added with 0.5 mg/l myo-inositol 

was the best condition for optimum callus production. Callus were then identified whether 

it is embryogenic or non embryogenic using double staining method. Embryogenic callus 

was stained in red and non embryogenic callus was stained in blue. Embryogenic callus 

was then subculture onto solid and liquid somatic embryos induction medium. MS 

medium supplemented with 2.5 mg/l 2,4-D combine with 1.0 mg/l BAP is the best 
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medium for somatic embryos formation from 0.5 cm of embryogenic callus. Synthetic 

seeds were created by encapsulated propagules (microshoots, node and stem) with 16 

different solution of sodium alginate and Calcium chloride dehydrate. In this study, 

propagules were successfully encapsulated in 2.0 to 5.0 % sodium alginate solution and 

harden in 25.0 to 100.0 mM Calcium chloride dehydrate solution. The beads varied 

morphologically with respect to texture, shape and transparency with different 

combinations of sodium alginate solution and calcium chloride. 3% sodium alginate 

harden in 100 µM Calcium chloride dehydrate was found to be the best encapsulation 

solution. Complete plantlets obtained from direct and indirect regeneration were then 

transferred to greenhouse. Plantlets response positively when acclimatized in garden soil 

(combination of black soil and red soil at ratio 2 to 1) with 93.33±0.09 % of survival rate. 

Callus exposed to different photoperiod produced different amount of anthocyanin. The 

total anthocyanin content was calculated using pH differential method. The highest 

(295.21 ± 0.20 mg cya-3-glu / 100 g FW) anthocyanin content was obtained from callus 

exposed to 16 hours light and 8 hours dark. Antimicrobial activity studies reveal that this 

plant response positively against bacteria (Staphylococcus aureus, Staphylococcus 

epidermis, Escherichia coli and Salmonella sp.) and fungi (Penicillium sp., and Mucor 

sp.) negative effect against Aspergilus nigerand Fusarium sp. 

Keywords: Regeneration, microtubers, synthetic seed, antimicrobial. 
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REGENERASI in vitro DALAM Dioscorea alata DENGAN AKTIVITI 

ANTHOCYANIN DAN ANTIMIKROBIAL 

 ABSTRAK 

 

Satu protokol yang efisien telah dihasilkan untuk regenerasi dan propagasi pesat pokok 

Dioscorea alata L. atau dikenali sebagai ‘ubi badak’ kerana ubinya berbentuk seperti 

badak. Dalam kajian ini regenerasi secara terus dan tidak telah dijalankan untuk 

memperolehi anak pokok Dioscorea alata L. Untuk regenerasi secara terus, eksplan 

(daun, batang, dan nod) dikultur dalam media MS yang ditambah dengan pelbagai 

kombinasi dan kepekatan hormon BAP dan NAA  untuk menggalakkan pembentukan 

pucuk dan akar. Media yang optimum untuk pembentukan pucuk adalah media MS yang 

ditambah 1.0 mg/l BAP dan 0.5 mg/l NAA dengan pembentukan pucuk sebanyak 

23.07±0.44 daripada explan node. Manakala untuk pebentukan akar, media MS ditambah 

2.0 mg/l NAA adalah optimum dengan pembentukan akar sebanyak 17.40±0.58. Untuk 

regenerasi secara tidak terus, pembentukan microtuber, induksi kalus, penghasilan 

Embriogenesis somatic dan penghasilan biji benih tiruan diperhatikan. Media MS yang 

ditambah dengan1.0 mg/l NAA dan1.0 mg/l BAP, adalah media terbaik untuk 

pembentukan microtuber dengan purata bilangan microtuber 15.57±0.18. Media MS yang 

dibekalkan dengan 1.0 mg/l BAP dan mg/l 1.0 NAA adalah media terbaik untuk 

percambahan microtuber dengan peratusan percambahan 67±0.08. Induksi kalus 

diperolehi dalam media MS yang ditambah dengan pelbagai kepekatan hormone 2,4-D, 

NAA, TDZ, BAP, myo-inositol dan activated charcoal. Explan nod yang dikultur dalam 

media MS yang dibekalkan dengan 2.0 mg/l 2,4-D dan 1.0 mg/l BAP ditambah 0.5 mg/l 

myo-inositol adalah kondisi yang optimum untuk pembentukan kalus. Kalus 

kemudiannya dikenalpasti sama ada embriogenik atau pun tidak menggunakan teknik 

pewarnaan berganda. Kalus embriogenik akan diwarnakan dengan warna merah dan 
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kalus bukan embriogenik akan diwarnakan dengan warna biru. Selepas itu, kalus 

embriogenik di subkultur ke atas media penggalak pembentukan embrio somatik pepejal 

dan cecair. Media MS yang dibekalkan dengan 2.5 mg/l 2,4-D dan 1.0 mg/l BAP adalah 

media terbaik untuk pembentukan embrio somatic daripada , 0.5 cm kalus embryogenic. 

Biji benih tiruan dicipta dengan menkpsulkan propagul (pucuk micro, batang dan node) 

dengan 16 solusi berbeza sodium alginate dan Calcium chloride dehydrate. Dalam kajian 

ini, propagul berjaya  dikapsulkan dengan 2.0 ke 5.0 % sodium alginate dan dikeraskan 

dalam 25.0 hingga 100.0 mM Calcium chloride dehydrate. Biji yang dihasilkan 

mempunyai morfologi berbeza dari segi tektur, bentuk dan ketulasan dengan kombinasi 

berbeza sodium alginate dan calcium chloride. 3% sodium alginate yang dipejalkan dalam 

100 µM Calcium chloride dehydrate merupakan media penkapsulan terbaik. Plantlet yang 

diperolehi semasa regenerasi secara terus dan tidak, kemudian dipindahkan ke rumah 

hijau. Plantlet memberi respon positif bila di aklimitasi pada tanah kebun (gabungan 

tanah hitam dan merah dengan nisbah 2 kepada 1) dengan 93.33±0.09 % kadar 

keterushidupan. Kalus yang didedahkan kepada photoperiod berbeza menghasilkan 

kandungan anthocyanin yang berbeza. Jumlah kandungan anthocyanin dikira 

menggunakan kaedah perbezaan pH.  Kandungan anthocyanin yang paling tinggi (295.21 

± 0.20 mg cya-3-glu / 100 g FW) diperolehi daripada kalus yang didedahkan kepada 16 

jam cahaya dan 8 jam gelap. Kajian aktiviti antimikrobial menunjukkan, pokok ini 

memberi tindak balas positif kepada bakteria, (Staphylococcus aureus, Staphylococcus 

epidermis, Escherichia coli dan Salmonella sp.) dan fungi (Penicillium sp. dan Mucor 

sp.) dan tindak balas negative kepada Aspergilus niger dan Fusarium sp. 

Kata kunci: Regenerasi, mikrotuber, biji benih tiruan, antimicrobial. 
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CHAPTER 1: INTRODUCTION  

 

1.1 Introduction 

Dioscorea alata L. or known as “purple yam” is a yam species. It is a vigorously 

twining herbaceous vine with massive underground tubers. Aerial tubers formed in leaf 

axils, elongated up to 10 cm x 3 cm in size. The tubers are rough with bumpy surfaces. 

This plant is cultivated throughout the subtropical and tropical regions of the world for 

their edible tubers which constitute a staple food for many people in these geographical 

regions. Originated from the Asian countries, Dioscorea alata has been acknowledged to 

human since prehistoric times. Dioscorea alata has many different names include water 

yam, greater yam and winged yam. In Malaysia it is known as ubi badak. In traditional 

medicine, Dioscorea alata has been used as a treatment for fever, laxative and vermifuge, 

tumors, inflamed hemorrhoids, leprosy and gonorrhea. In modern medicine, the tubers 

are reported to have anticlastogenic effect (Wang et al., 2011), antihypertensive (Liu et 

al, 2009), bone protective (Chen et al., 2008) and immunostimulatory effect (Shang et al., 

2007). Dioscorea alata is also valued for its starch content and used in a variety of 

desserts, as well as a flavor for ice cream, milk, Swiss rolls, tarts, cookies, cakes, and 

other pastries. Dioscorea alata is sometimes grown in gardens for its ornamental value.  

 

Tubers of Dioscorea alata have deep purple colour verified to be anthocyanin pigment 

and well known for their antioxidant activity. For the past decade, anthocyanins was 

recognize as an alternatives for synthetic dyes and food colourant because of their 

attractive colours. Colour plays a significant role in our satisfaction of food stuffs, it is 

appreciated both for its aesthetic role and as a basis for the assessment of quality. Colour 

also gives viewable signs to enhance flavor identification and taste limits, influencing 

food preference, food acceptability and food choice. With expanding public worry about 
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the safety of synthetic colourant, natural pigment extracts are accepting more prominent 

noticeable quality. Anthocyanins are natural, nontoxic pigments in charge of the blue, red 

and purple colours of fruits, vegetables, flowers and other plant tissues. Existing evidence 

demostrate that the anthocyanin are non-harmful and non-mutagenic, yet have positive 

therapeutic properties (Saija, 1994), antioxidant and antimicrobial properties. 

 

Antioxidants are compounds that protect cells against the damaging effects of reactive 

oxygen species (ROS) such as singlet oxygen, superoxide, peroxyl radicals, and peroxy 

nitrite which result in oxidative stress. It is gradually being understood that many of the 

modern human diseases started because of the oxidative stress. This can lead to oxidative 

damage of protein and nucleic acid, cellular damage and disease progression. Deficiency 

of antioxidant to reduce the surplus of reactive free radicals can cause different diseases 

like cancer, inflammatory disorder, neurodegenerative and etc. Hence, recent studies are 

centred on plant having high free radical quenching properties as a substitute to dietary 

intake of synthetic antioxidant which could cause genotoxicity and carcinogenicity at 

high concentration (Labo et al., 2010). Recently, natural antioxidant and natural food 

colourant from plant pigments in the form of carotenoids and flavonoids (anthocyanins) 

are high in demand due to their potential in wellbeing advancement and disease 

prevention and their improve safety and consumer acceptability.   

 

Consumption of synthetic antioxidants is a common practice, due to the increasing 

awareness on disease prevention.  However, consumption of natural antioxidants can be 

beneficial and may serve as an interesting alternative. Several studies showed that 

increased dietary intake of natural antioxidant associates with the decreasing of coronary 

illness (Zadak et al., 2009). According to Ndala et al. (2010), natural antioxidant 

originated from plant have more advantages in decreasing ROS levels because synergistic 
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action of wide range of biomolecules such as flavonoids, phenols, phytomicronutrients, 

vitamin C and vitamin E. Since ubi badak have verified to contain wide range of 

secondary metabolites, high anthocyanin, antioxidant properties, antimicrobial activities 

and other medicinal values, it is much suitable to be consume as a healthy food and 

replace synthetic antioxidant and synthetic food colourant. 

 

However, production of this plant is limited in Malaysia, whereby the tubers can be 

found only in east cost (Kelantan and Terengganu). The plant also seasonal and tubers 

are harvested once a year with long dormancy period. Other than supply as a source of 

food, tuber also act as planting materials. Dioscorea alata vegetatively propagated by 

using tuber pieces. The production of tubers also hampered by several significant virus 

and fungal diseases. The consumer awareness about this healthy rich food crop also is 

very low in Malaysia. Therefore, biotechnological methods such as tissue culture 

techniques will be employed in mass propagated of this food crop, especially to obtain 

clonal plants with high content of anthocyanins. Plant growth regulators can be 

manipulated during tissue culture process to mass propagate the plants as well as increase 

the production of anthocyanin pigments. 

 

Production of coloured callus (containing pigments) will also be achieved via tissue 

culture techniques and the pigments will be extracted and characterized by means of 

HPLC and UV-Vis Spectroscopy. Pigments selectively absorb and reflect specific 

wavelengths of light, thus giving the pigment its distinctive colour (Ashwini & Vinod, 

2008). The biosynthesis of these valuable pigments (anthocyanin) is influenced by genetic 

and environmental factors (Velu & Narayanaswamy, 2009). Therefore, the research aims 

to evaluate and manipulate the effect of environmental constraints (light intensities and 

stress conditions) in biosynthesis of anthocyanins. Light has been found to affect the 
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synthesis of anthocyanin by influencing the level and activity of biosynthetic enzymes 

(Werner et al., 1998; John & Wesley, 1991). Phenylalanine ammonia lyase (PAL) and 

the enzymes that convert cinnamate to p-coumaroyl-CoA are rapidly induced under light 

condition, hence promoting the synthesis of anthocyanins (Giovanni et al., 2011). Stress 

conditions had also been found to affect pigment biosynthesis (Jesse et al., 2002). Plant 

growth hormones regulate many important plant growth development processes, also 

effect the formation of pigment. Changes in the endogenous concentration of the plant 

growth regulators and the tissue sensitivity in the various plant organs control a wide 

range of developmental processes. Plant response to plant growth regulators is activated 

after the binding of the plant growth regulator to a specific receptor in the cell that initiates 

a cascade of signalling processes.  

 

Human consumes many crop plants as food, therefore increasing the content of 

valuable pigments in food crops is essential for human health and can help to reduce the 

dependency on synthetically-produced supplementary health products. In vitro 

technology offers a production alternative of pigments through callus culture, control 

condition for culture medium composition as well as incubation condition to globalize 

the production of desired variants with shorter and flexible production cycle. Based on 

several investigation, compounds produced from an in vivo grown plant could be 

produced at the same or different level or not produced at all in an in vitro grown plant. 

Using these protocol, unlimited planting materials of elite cultivars with high 

concentration of anthocyanin can be produced, independent of the growing season. Since 

ubi badak has a good medicinal value but not available throughout the year, in vitro (tissue 

culture) technique can be used to mass propagate this plant. This study also highlighted 

the importance of Dioscorea alata as a healthy food and as a source of natural colourant. 
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1.2 Research Objectives 

 

1. To establish in vitro regeneration system of Dioscorea alata L. from leaves, node 

and stem explants. The effect of plant growth regulators were recorded and the 

optimum medium for efficient micropropagation, microtuberization, coloured 

callus induction and somatic embryogenesis of Dioscorea alata L. were 

determined and identified. 

2. To investigate the optimum encapsulation matrix for the production of synthetic 

seeds of Dioscorea alata L. from leaves, node and stem explants. The optimum 

concentration of sodium alginate (NaC6H7O6) and calcium chloride dehydrate 

(CaCl2.2H2O) were determined. 

3. To determine an efficient protocol for acclimatization process of Dioscorea alata 

L. During this period, the plantlets were observed to study the capability of 

plantlets to adapt to new environments.  

4. To determine the optimum light conditions and plant growth regulators 

combinations and concentrations for over-expression of anthocyanin pigment in 

Dioscorea alata L. grown in vitro. 

5. To evaluate total phenolic, flavonoids, anthocyanin content and antimicrobial 

activity of pigments extracts from Dioscorea alata L. grown in vivo and in vitro. 
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 Dioscorea alata L. 

Dioscorea alata L. is has the potential to be commercialized as food crop in tropical 

and subtropical region of the world. This plant has been known to human since ancient 

times and remain under-utilized. It is native to Southeast Asia such as Malaysia, 

Indonesia, Philippines, and neighboring countries like Taiwan, Nepal and New Guinea. 

Dioscorea alata was named after Pedianos Dioscorides, a Greek physician from the first 

century AD whose book on medicinal herbs Materia Medica, was a standard work until 

recent times. Alata means winged in Greek language. Dioscorea alata is included in the 

family of Dioscoreaceae and the genus Dioscorea. Generally, the species in the genus 

Dioscorea are dioecious, herbaceous vines and twining with single or clustered large 

tubers some of which are edible. The large tubers are known as ‘yams’ (Acevedo-

Rodríguez, 2005). The word ‘yam’ comes from a West African language and means 

something to eat. Many species of yam are economically important crops worldwide and 

many of them have been used in the pharmaceutical industry. Only seven species of 

Dioscorea are edible which are Dioscorea alata (water yam), Dioscorea bulbifera (aerial 

yam), Dioscorea cayenensis (yellow yam), Dioscorea dumetorum (bitter yam), 

Dioscorea esculenta, Dioscorea praehensalis (bush yam) and Dioscorea rotundata Poir 

(white yam). Varieties of Dioscorea alata are the most common yam in the world for 

cultivation. The scientific classification and nomenclature of Dioscorea alata is as shown 

below:                                                                                                                                                        

Kingdom : Plantae (Planta, plantae, vegetal, plant) 

Subkingdom : Viridiplantae 

Infrakingdom : Streptophyta 

Superdivision : Embryophyta 
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Division : Tracheophyta 

Subdivision : Spermatophytina 

Class  : Magnoliopsida 

Superorder : Lilianae 

Order  : Dioscoreales 

Family  : Dioscoreaceae 

Genus  : Dioscorea L. 

Species  : Dioscorea alata L. 

 

2.1.1 Morphological Description of Dioscorea alata L. 

Dioscorea alata are herbaceous vine with internodes square in cross section, usually 

10 to 15 cm in length and twining to the right. Stems are quadrangular, with four 

longitudinal winged, undulate, and often tinged in purple colour. Mature stems are 

cylindrical, spiny, green and reddish in colour.  Generally, the leaves of Dioscorea alata 

are large and narrowly heart in shaped. It is located mostly opposite, sometimes alternate 

on the vine branches. The upper surface of the leaves is shiny and green purplish in colour 

with venation sunken while the lower surface of the leaves is dull, pale green in colour 

with promonent venation. The root system for Dioscorea alata are fibrous and shallow, 

for the most part are confined to the top 1 m of the soil.  

 

Dioscorea alata produced two types of tubers, underground tubers and aerial tubers. 

The underground tubers grow in soil and the aerial tubers formed in leaf axils of the vine. 

Usually the plant produced only one underground tuber for each season but sometimes 

up to three. The tubers are varying in shape and size. It is morphologically having rough 

and bumpy surfaces and large in size. The colour of the tubers are brown with white or 

cream or purplish (superficially or throughout) pulps. When cultivated, the plant 
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produced long and uniform tubers. If cultivated in hard soil, the tubers can be lumpy and 

malformed. Old age tubers also can be lumpy and tend to branch out while young tubers 

tend to be solid and straight. The tubers utilized best at a young age because older tubers, 

while still edible would give a different structure. Thus, the older tuber can be lumpy but 

have a younger, well-formed root attached.  

 

The aerial tubers are produced when the leaves are started to wither. It is pendulous 

usually located at the branching vine with the size can be reaching up to 15 cm long.  The 

colour and the shape of the aerial tubers produced seen as dark brown in colour and round 

cylindrical in shape with occasional lumpy morphology being seen.  

 

2.1.2 The Economic Importance of Dioscorea alata L. 

Dioscorea species was recognized an important tuber crop and is a staple food for 

millions of people in tropical and subtropical countries before being replaced by more 

popular cassava plant. Root and tuber crops considered are the most important food crops 

after cereals. They have the highest rate of dry matter production per day and are major 

calorie contributors. Dioscorea species are recognized as nutritionally more superior 

compared to other tropical root crops such as cassava and sweet potato. They are a 

valuable source of carbohydrates, fibers and low level of fats which make them a very 

good dietary nutrient and also could be processed into various staple intermediate and end 

product form (Jaleel et al., 2007). Dioscorea alata is known for its high carbohydrate 

content where starch is major carbohydrate reserve accounting for 85% of dry matter and 

is being studied as an alternative source for starch (Ahmed & Urooj, 2008). The average 

crude protein of Dioscorea alata is 7.4 %, while the vitamin C content ranges from 13 to 

24 mg/100g fresh weigh. Dioscorea are grown commercially as the main crop in 

Caribbean Central, South Amerika, West Afrika and India (Tor et al., 1998). 
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In addition to being an important staple food in many tropical countries, Dioscorea 

receive wide attention due to its functional properties. Dioscorin, the tuber storage protein 

of Dioscorea, and its peptide hydrolysates exhibits angiotensin converting enzyme 

inhibitory activity (Hou et al., 2000; Hsu et al., 2002). It is suggested that 32 kDa 

dioscorin, may play a role as antioxidant in tubers and may be beneficial for health when 

taken as a food additive or when the tubers are consumed. Dioscorea is not only enriched 

in the diet of the people but also possess several medicinal properties to cure many 

ailments. This plant is popular in Chinese and Indian traditional medicine. Traditionally, 

the tubers are used to treat appetite disorder, diarrhea, asthma, cough, frequent urination, 

diabetes and emotional instability. Powdered tubers are prescribed as a remedy for piles, 

gonorrhea and applied externally to sores. 

 

Dioscorea alata is fast gaining recognition in pharmaceutical industries because of 

their peculiar of various commercial valuable compounds. Dioscorea sp. contain 

pharmacological active compound, such as diosgenin that is a steroidal type saponin and 

dioscin, which is a form of diosgenin with sugar attached to it (Ramberg & Nugent, 2002). 

It is among the ten most important sources of steroids and is also the most often prescribed 

medicine of plant origin. Diosgenin is a precursor for the chemical synthesis of steroidal 

drugs, oral contraceptives and is tremendously important to the pharmaceutical industry 

(Li & Ni, 2011; Kalailingam et al., 2012). Diosgenin plays an important role in the control 

of cholesterol metabolism, causes variation in the lipoxygenase activity of human 

erythryoleukaemia cells and is responsible for the morphological and biochemical 

variation in megakaryocyte cells (Sharareh, 2011). It is reported (Chen et al., 2003) that 

methyl protodioscin a the potent agent with anti-tumor properties has been synthesis from 

diosgenin. 
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Dioscorea alata L. contains high anthocyanin content is correlated with high 

antioxidant properties (Takamura & Yamagami 1994; Pool-Zobel et al., 1999; Bridle & 

Timberlake, 1996), antidiabetic (Matsui et al., 2002; Jayaprakasam et al., 2005) improved 

visual activity (Timberlake & Henry, 1988), antimutagenic (Yoshimoto et al., 1999; 

Yoshimoto et al., 2001), anticancer activities (Karaivanova et al., 1990; Kamei et al., 

1995) and antimicrobial properties. 

 

2.1.3 The limitation of Dioscorea alata L. 

The biggest limitation in growing Doscorea alata is the source of planting materials. 

Dioscorea alata is propagated by using tubers fragments. Besides functioning as the 

planting materials, tubers also are consumed as the food source. Usually a single plant 

bears only one tuber or a few and mass propagation through tuber seedling is cost 

effective. The tubers also effected by viral, fungal and nematodes infection and 

subsequently lower the tubers yield. Through infected tubers, the defective quality could 

be transmitted to the next generation and deteriorate the quality of tubers. Viral infection 

is one of the most serious issue faces by conventional propagation of Dioscorea alata L. 

Once the tubers are infected by a virus, it is transmitted to later generations through tubers 

and is difficult to be eliminated. Single or multiple virus infection often cause reduction 

of yield and deterioration of quality of the tubers. The most serious disease that affect 

Dioscorea alata is caused by green-banding virus or mosaic virus. The disease produces 

symptoms of mosaic which are blotching, crinkling and distortion of leaves and in its 

extreme phase, reduction of leaf to a thin twister silver. As symptom become severe, the 

yields of the tubers decrease drastically. Lawson et al. (1974) observed that, aphids might 

transmit this mosaic virus into sapogenin-bearing yam.  

 

Univ
ers

ity
 of

 M
ala

ya



 

 
 
 

11 
 

Colletotrichum stoesporioides (fungal) can cause anthracnose disease in Dioscorea 

alata. Anthracnose disease stimulated by the wet condition, especially by dew formation 

during night time and high temperature and sunlight during the day time. Spores of C. 

stoesporioides are disseminated by wind and by acurvuli on stem and tubers. The spores 

appear as a black spot that enlarges quickly on leaf and stem followed by yellowing, 

wilting and leaf loss and in severe cases by death and dieback of the stem. Nematodes 

especially species of Prathylenchus, Meloidogyne, and Scutellonema the common pest 

that attack Dioscorea tubers. They leave unsightly burrows or swellings that reduce the 

usability of the tuber tissue. 

 

Severe damage of the tubers can also be caused by several kinds of larvae. Eteroligmus 

meles (Billb.), the greater yam beetle, passes through its mating and reproductive cycle 

in swampy areas but migrate to yam planting area for feeding. Rotting is closely 

associated with harvest injury and the main cause of tuber loss in storage. Tubers should 

not be stored in piles or in damp situations, as these conditions accelerate the rotting 

process. Rotting is also associated with insect damage and nematode infestation and 

control of these pests greatly reduces loss in storage. 

 

2.2 Plant tissue culture  

Plant tissue culture is a method of in vitro cultivation (regeneration) of plant cells and 

organs, in which the cells divide and regenerate into callus or particular plant organs and 

subsequently develop into complete plantlet. In vitro regeneration or micropropagation 

of plants refers to multiplication of genetically identical individual (plant) by asexual 

method of regeneration from organs or somatic embryos. Traditionally, in vivo vegetative 

propagation/ clonal propagation is achieved by cuttings, layering, grafting and budding 

the vegetative parts. After totipotency of plant cells was established and regeneration of 
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large number of plants starting from small pieces of somatic tissue could be achieved, 

tissue culture was projected as potential alternative method for rapid clonal propagation 

of plants (Murashige, 1974). 

 

Propagation through in vitro technique or tissue culture technique is similar to 

propagation of plant from vegetative part except it was done under sterile condition and 

the plant part was grow on medium instead of soil. The main aim of in vitro regeneration 

is to produce a lot plantlets, genetically and physiologically uniform with high 

photosynthetic potential and able to survive the ex vitro environment (Jeong et al., 1993; 

Solarova & Pospisilova, 1997). In vitro regeneration has numerous advantages compare 

to conventional proliferation method. The several advantages were listed as below: 

i) Mass propagation of plant can be initiated from only a small tissue from one 

individual. 

ii) Very small part of plant tissue needed to initiate aseptic culture. 

iii) The frequency of multiplication in vitro is often much faster than the in vivo 

methods. 

iv) Plant can be produced all year round not depending on season and environmental 

factor. 

 

2.2.1 Organogenic Micropropagation  

In vitro regeneration or micropropagation via organogenesis in plant is a process where 

formation and multiplication of organs (microshoots and root) which is genetically 

identical to the mother plant from somatic tissue by asexual method. Organogenesis is the 

process by which cell and tissue are forced to undergo changes that could leads to the 

production of a unipolar structure namely a shoot or root primordium, while vascular 

system is often connected to the parent tissue (Thorpe, 1998; Victor et al., 1999). In early 
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1960s, when totipotency of plant cell as established and regeneration of large number of 

plants starting from small pieces of somatic tissues could be achieved, tissue culture was 

projected as a potential alternative method for rapid clonal propagation of plants 

(Murashige, 1974).  

 

The development of organs (shoots, roots or flowers) and overall plant shape and 

structure are known as morphogenesis. In vitro plant morphogenesis can be accomplished 

through organogenesis and somatic embryogenesis pathway. According to De Klerk 

(2003), differentiated somatic cells can initiated the ontogenic programme. When the 

somatic cell was treated with the right stimuli, they would develop into an adventitious 

meristem.  From the adventitious meristem, adventitious shoots and embryo will be 

generated. The development of meristem shoots is mentioned as organogenesis and 

development of embryo is alluded as somatic embryogenesis. Victor et al. (1999) and 

Thorpe (1980) indicated that organogenesis is the forced changes process of cells and 

tissue to produce shoot or root primordium which vascular system attached to the parent 

tissue. Three phases of organogenesis were identified as below;  

i) Cells and tissue (explants) acquire organogenic competence which is described as 

the capability to react to hormonal signal of organ induction (Sugiyama, 1999).  

ii) The competence cells or tissue are guided and determined for specific organ 

formation under influence or effect of plant growth regulators (plant growth 

regulators). 

iii) Organogenesis continues independently of the supplied plant growth regulators. 

 

Organogenesis occur either directly or indirectly. Through direct organogenesis, 

development of plant organs such as shoots, roots, microtuber etc. arise directly from the 

tissue cultured. While, for indirect organogenesis, explant cultured undergo callus phase 
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before developing into plant organs. Callus is defined as undifferentiated cells usually 

develop on wound of differentiated tissue.  According to Halperrin (1969) callus usually 

composed of unspecialized parenchyma cells. Formation of callus can be induced from 

various plant parts such as leaves, node, stem, petiole, root etc. through in vitro system.  

Exogenous plant growth regulators or hormones are essential to initiate callus formation. 

The type and concentration of plant growth regulators required are varied depends on the 

explant type and plant species. Usually to prompt the callus formation, auxin and 

cytokinins are included in the callus induction medium. According to Rayle et al. (1992), 

auxin play a significant role in cell elongation, division and differentiation. While, Dietz 

et al. (1990) mention that, the function of cytokinin are to enhance the enlargement of 

plant cells. Production of callus can be enhance using suspension culture or liquid culture. 

Suspension cultures offer a system for fast growth and development of plants. Razdan 

(1993) stated that cells in suspension cultures obtain more homogeneous stimuli from the 

medium fortified with the necessary amount of inducer such as plant growth regulators 

and sucrose. 

 

 Microtubers is an alternative end product of micropropagation produced by allowing 

in vitro plantlets to grow under tuber inducing conditions. Microtubers have become an 

important starting material for rapid multiplication as well as germplasm storage and 

transfer. Besides the other parts of plants, microtubers can also be utilized as an explant 

for in vitro regeneration.  

 

Skoog & Miller (1957) proposed the concepts of hormonal control in organogenesis. 

In their research, the formation of organ (bud and root) were controlled by auxin and 

cytokinins level.  They found out auxin in high concentration enhanced the formation of 

roots while high cytokinins concentration promote bud and shoot formation. According 
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to Evans et al. (1981), interaction of auxin and cytokinins are normally viewed as the 

most significant for growth regulation and development in plant tissue cultures as these 

two types of plant growth regulators are commonly necessary for morphogenesis and 

organogenesis. 

 

2.2.2 Embryogenic Micropropagation 

Regeneration of complete plantlets can also be achieved via somatic embryogenesis 

pathway other than organogenesis pathway. Somatic embryogenesis is the regeneration 

process of somatic cells initiating the developmental pathway to form complete embryos 

known as somatic embryos. Somatic embryos have the similar ability as zygotic embryos 

which is to regenerate complete plantlet.  Somatic embryogenesis occurs through the 

same key stages of embryo development as zygotic embryogenesis namely globular, heart 

shape and torpedo stages in dicots. The zygotic embryo in monocots are more complex 

as compared to dicots cause different of key stages of somatic embryos were observed 

namely globular, scutellar (trasition) and coleoptilar stages. Somatic embryogenesis was 

first induced in suspension culture (Stewart et al., 1958) and in callus culture (Reinert, 

1959) of carrot.  

 

There are two types of somatic embryogenesis, direct somatic embryogenesis and 

indirect somatic embryogenesis. Direct somatic embryogenesis occurred when, somatic 

embryos was directly induced from already pre-embryogenic cells such as leaves, node 

or microspores without the formation of callus. Cells that are capable of direct somatic 

embryogenesis are physiologically similar to those in zygotic embryos. Indirect somatic 

embryogenesis occurs when callus produced leads to the formation of somatic embryos. 

Somatic embryogenesis occurred either directly or indirect should be considered as two 

extremes of a continuum (Carman, 1990; Wann, 1988; William & Maheswaran, 1986). It 
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is not always clear which types occurs or both direct and indirect can be observed. 

According to Reamakers et al. (1995), if the period of somatic embryogenesis is short the 

process will be direct somatic embryogenesis but if the process takes longer than the 

process will be indirect somatic embryogenesis. 

 

Somatic embryogenesis is influence by the presence of plant growth regulators in the 

culture medium. The induction of somatic embryogenesis consists of the termination of 

the existing gene expression pattern in explant tissue, and its replacement with an 

embryogenic gene expression program in those cells of the explant tissue which will give 

rise to somatic embryogenesis (Merkle et al., 1995). A treatment with the ability to down 

regulate gene expression can stimulate somatic embryogenesis. One possible mechanism 

to down regulate gene expression is DNA methylation, which has been found in study to 

correlate with the amount of exogenous auxin. 2,4-D was the most commonly applied 

auxin for somatic embryogenesis induction. Cytokinins usually shows negative effect 

when applied in the somatic embryogenesis induction medium. Ling et al. (1989) and 

Ranga Swamy (1961) shows that high level of cytokinins in leaves associated with 

deficiency embryogenic response in napier and orchard grass. Kachba et al. (1972); Raj 

Bhansali & Arya (1977) and Dhillon et al. (1989) found that the percentage 

embryogenesis was decreased when a cytokinin is used in combination with auxin.  

 

2.2.3 Synthetic Seed Production 

Synthetic seed are defined as artificially encapsulated somatic embryos, shoots or other 

tissues which can be used for sowing under in vivo or ex vitro conditions that are able to 

grow into plantlets after sowing (Bapat & Rao, 1990; Aitken-Christie et al., 1995). 

Synthetic seed are considered as the most effective and efficient alternative methods for 

in vitro propagation of plant species that have problems in seed propagation and for plants 
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which produced non-viable seeds or without seeds. Its potential advantages include 

stabilities during handling, potential for long term storage without losing viability, 

transportation and planting directly from in vitro to field conditions and higher scale at a 

low-cost production (Ghosh & Sen, 1994).  

 

Dioscorea alata do not produce natural seeds. Traditionally, this plant is propagated 

by using tuber segments. However, there are several limitations by using tubers as 

planting materials. Moreover, tuber is also the main source of food materials in Dioscorea 

alata, by using tubers as the planting materials, this would introduce competition for the 

usage of plant parts. Hence, the development of synthetic seeds of Dioscorea alata as an 

alternative or substitute planting materials is crucial. Therefore, the objective of the 

present study was to develop an alternative propagation method for Dioscorea alata via 

synthetic seed production. 

 

2.2.4 Acclimatization 

Acclimatization is an adaptation process of in vitro grown plantlets to the natural 

environment or ex vitro environment. Pospisilova et al. (1999) and Hazarika (2003) stated 

that, in vitro acclimatization is one of the key factors in producing healthy plantlets before 

they are transplanted to ex vitro conditions. Micropropagation is considered successful 

only when plantlets after transfer from in vitro culture to the soil showed high survival 

rates. Usually high percentage of plantlets cannot survive the ex vitro environment due to 

extremely different condition between in vitro and ex vitro. Plantlets grown in in vitro 

environment are not fully developed within the culture containers with high air humidity 

under aseptic conditions, low level of light, on a medium containing ample sugar and 

nutrients to allow for heterotrophic growth and in an atmosphere with high level of 

humidity. Low gas exchange in the culture container, CO2 shortage and relatively low 
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photosynthetic photon flux density (PFD), induces disturbance in plant development and 

photosynthetic performance in in vitro plantlets (Kozai, 1991; Pospisilova et al., 1997l).  

 

The physiological and anatomical characteristics of in vitro grown plantlets should be 

gradually acclimatized to the natural environment. Therefore, in this study, plantlets from 

tissue culture containers were transferred step by step to the green house (natural 

environment) to observe the adaptation capability of the plantlets. The aim of this study 

was to measure the survival rate of acclimatized plantlets of Dioscorea alata. The success 

of the plantlets to adapt to the ex vitro condition means the successful of tissue culture 

protocol of this plant. Soil content of the sowing media will be analyzed for their texture 

and fertility content. The suitable sowing media was selected for plantlet acclimatization. 

 

2.2.5 Micropropagation of Dioscorea alata L.  

In agriculture or in the conventional propagation of Dioscorea alata, tubers are utilized 

as the source for plantings materials. Tuber segment known as ‘tuber seeds’ are grown 

and propagated to form into another tuber. The absence of viable seeds, the long period 

required for obtaining usable tubers and phytosanitary problems are some factors limit 

the rapid conventional propagation and economic exploitation of Dioscorea species 

(Bolagum et al., 2006; Tschannen et al., 2005). As many species of Dioscorea, Diocorea 

alata is dioecious and cultivated form have the larger diversity compared to the cultivated 

forms of other species (Mantel et al., 1978). It is then necessary to propagate vegetatively 

the selected plant of this species. 

 

Plantlet regeneration in vitro for vegetative propagation of some economically 

important Dioscorea species has been reported previously using nodal vine cuttings (Yan 

et al., 2002; Chen et al., 2003), zygotic embryo (Viana & Mantel, 1989), meristem tips 
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(Malaurie et al., 1995a; Malaurie et al., 1995b), bulbils (Asokan et al., 1983), immature 

leaves (Kohmura et al., 1995), root (Twyford & Mntell, 1996) cell and protoplasts (Tor 

et al., 1998). Much attention has been paid to the clonal propagation through in vitro 

production of microtubers in Dioscorea abyssinica (Martine & Cappadocia, 1991), 

Dioscorea batatas (Koda & Kikuta, 1991), Dioscorea composite (Alizadegh et al., 1998), 

Dioscorea floribunda (Sengupta et al., 1984) and Dioscorea alata (Jasik & Mantell, 

2000). Though, only few studies have been reported on the microprogation and 

microtuberization of Dioscorea alata.  

 

In general, various results achieved from micropropagation of Dioscorea shows that it 

is possible to mass propagate Dioscorea alata in vitro from different explants such as 

node, leaves fragment, stem and microtubers. In vitro method of vegetative multiplication 

of Dioscorea alata would have considerable benefits for the medicinal trade and 

germplasm conservation. This alternative and application of plant tissue culture offers 

valuable ways to overcome all the problems that are found in natural propagation. In vitro 

propagation of Dioscorea alata is more efficient than conventional propagation and 

definitely helpful for obtaining a large-scale diseases free seedling and ensure adequate 

supply of quality plantlets to meet different purpose and conservation. 

 

2.2.6 Plant Tissue Culture for Production of Antimicrobial Phytochemicals  

Plant secondary metabolism produce most valuable phytochemicals (Nehra, 1994). 

Due to their large biological activities, plant secondary metabolites have been used for 

centuries in traditional medicine. According to Tripathi & Tripathi (2003), World Health 

Organization estimated that up to 80% of people in the world were still rely mainly on 

traditional medications such as herbs for their illness treatment. Tripathi & Tripathi 

(2003) also mention that, it is estimated that approximately one quarter of prescribed 
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drugs modern drugs contain plants extracts or active ingredients obtained from or 

modeled on plant substances. Survey conducted in western countries, where chemistry is 

the backbone of the pharmaceutical industry shows that 25% of the molecules used for 

drugs manufacturing were originated from natural plant (Payne et al., 1991). The most 

popular analgesic, aspirin was originally derived from species of Salix and Spiraea and 

some of the most valuable anti-cancer agents such as paclitaxel and viblastine are derived 

solely from plant source (Katzung, 1995; Taxol, 1996; Roberts, 1988).  

 

Plant secondary metabolites usually classified according to their biosynthetic pathway 

(Harborne, 1999). Three large molecule families are generally considered: phenolics, 

terpenes and steroids and alkaloids (Bourgaud et al., 2001). Phenolic compounds are 

widespread metabolite family in plants. Anthocyanins is plant-derived flavonoid that are 

responsible for red, purple and blue hues present in fruits, vegetables and grains. They 

are present in a wide range of plant tissues, principally flowers and fruits, but also storage 

organs, roots, tubers and stems. The basic structure of anthocyanins are based on C6-C3-

C6 skeleton of flavonoids which consist of 15 carbon atoms. 

 

               

Figure 2.1: Structure of the most common anthocyanidins occurring in 
nature. 
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Anthocyanidin or aglycone is the main part of anthocyanins. Anthocyanidins consist 

of an aromatic ring A bonded to an heterocyclic ring C that contains oxygen, which is 

also bonded by a carbon-carbon bond to aromatic ring B (Figure 2.1). The conjugated 

double bonds in the anthocyanidin structure is responsible for absorption of light around 

500nm causing the pigments to appear red to human eye. There is a huge variety of 

anthocyanins spread in nature, however the most commonly found anthocyanins are 

cyaniding, delphinidin, malvidin, pelargonidin, peonidin and petunidin. The main 

differences between them are the number of hydroxyl and methoxyl groups in the B ring 

of the flavylium cation. 

 

Early industrial use of anthocyanin pigment was for fabric dyes. Recently, anthocyanin 

is widely acknowledged as having significant health-giving properties such as 

antioxidant, anti-inflammatory, anti-ulcer and wound healing properties (Lila, 2004). 

Research has also shown that many artificial pigments are actually detrimental to our 

health and natural antioxidant are high in demand because of their potential in health 

promotion and disease prevention and their improved safety and consumer acceptability. 

With an increasing consumer preference for healthy foods, there is now considerable 

demand for the use of anthocyanins as the natural food colourants, due to their natural 

pedigree and healthful properties.  

 

The past three decades has seen a dramatic increase in microbial resistance to 

antimicrobial agents that lead to repeated use of antibiotics and insufficient control of the 

disease (NCID, 2002). The terms of antimicrobials agents include antibacterial, 

antifungal, antiprotozoal, antihelminthic and antiviral agents. The majority of clinically 

used antimicrobials have various drawback in terms of toxicity, efficacy, cost, and their 

frequent use has led to the emergence of resistant strain. Misuse, abuse and over-
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prescription of antibiotics are believed to be the reasons of emergence of resistance (Eloff, 

2000; Peterson & Dalhoff, 2004). Hence, there is a great demand for a new source of 

antimicrobial agents selectively acting on new targets with fewer side effects. One 

approach might be the testing of plant traditionally used for their antimicrobial properties 

as potential source for drug development. 

 

Traditional therapeutic value of plants to treat common microbial infection diseases 

has long been recognized in many different communities and some of these traditional 

medicines are still included as part of the habitual treatment of various illnesses. Several 

plant species are used by many tribal groups for the treatments of various ailments ranging 

from minor infections to dysentery, skin diseases, athma, malaria and a horde of other 

indication (Perumal Samy & Ignachimuthu, 2000; Dahanukar et al., 2000). Furthermore, 

it is estimated that two-thirds of the world population rely on traditional remedies due to 

the limited availability and high prices of most pharmaceutical products (Tagboto & 

Towson, 2001).  

 

One alternative source for the production of anthocyanins and antimicrobial is through 

the utilizing of plant cell cultures (Delgado-Vargas et al., 2000; Ramachandra & 

Ravishankar 2002; Lila 2004).  Plant secondary metabolites can be producing in vitro via 

plant cell culture (Barzn & Ellis, 1981; Deus & Zenk, 1982). The use of plant cells and 

tissue culture methodology as means of producing medicinal metabolites has a long 

history (Rout et al., 2000; Verpoorte et al., 2002). Plant tissue culture is an alternative 

method for commercial propagation of plants and is being used widely for the commercial 

propagation of large number of plant species including many medicinal plants. Cultured 

plant cells can also synthesize, accumulate and sometime exude many classes of 

metabolites (Matkowski, 2008). 
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2.2.7 Factors Influencing the Success of Tissue Culture 

The successful of plant tissue culture depends on the composition of the culture 

medium. Generally, plant tissue culture medium comprised carbon source, organic 

compound, inorganic compound (consist of macro and micro nutrients), solidifying agent 

and plant growth regulators. Sugar usually sucrose was normally added into the culture 

medium as a carbon source or energy source. In tissue culture photosynthesis is 

insufficient because the condition in the culture container unsuitable for photosynthesis 

or without photosynthesis. Due to this reason, additional of sugar in the culture medium 

are crucial factor, to supply energy for in vitro initiation, growth and development. 

Additional of sugar also help to maintain the osmolarity of the culture medium. Pierik 

(1987), observed that, high sugar concentration is needed in the culture medium for 

adventitious root formation, especially in the case of woody plants. 

 

Plant growth regulators (hormones) also play an important role in the successfulness 

of in vitro plant tissue culture. Plant growth regulators are organic compounds naturally 

synthesized in higher plants, which can influence the growth and development of plant 

tissue. Artificial or synthetic plant growth regulators have been developed which 

correspond to the natural ones. Auxins and cytokinins are the more important plant 

growth regulators use in tissue culture.  The discoveries of auxin and cytokinins as well 

as their functions, are finally revealed that shoot and root regeneration was regulated by 

plant growth regulators in tissue culture system. There are various kinds of auxins: 1 

naphthaleneacetic acids (NAA), 1H-indole-acetic acid (IAA), 1H-indole-3-butyric acid 

(IBA) and 2,4-dichlorophenoxyacetic acid (2,4-D). Commonly, auxin was supplemented 

into the culture medium for root induction and development. Auxins usually cause cell 

elongation, cell division, swelling of tissues, the formation of adventitious roots and the 

inhibition of adventitious and axillary shoots formation, often embryogenesis. In several 
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cases additional of high concentration of auxin, is inhibitory for root formation. 

Additional of high auxin the media can induce the formation callus. Pierik (1987) mention 

that, auxin at low concentrations, was predominated for ventitious roots formation, 

whereas high auxin concentrations root formation fails to occur, and callus formation will 

take place.  

 

The commonly used synthetic auxin in tissue culture are IAA, IBA (tend to denature 

in media and rapidly metabolized within plant tissue), 2,4-D (often used for callus 

induction and suspension culture), and NAA (when organogenesis is required). Among 

others, dicamba (3,6-dichloro-o-asinic acid) and picloram (4-amino-3,5,6-

trichloropyridine-2-carboxylic acid) are often effective in inducing the formation of 

embryogenic tissue or in maintaining suspension cultures (Gray & Conger, 1985; Hagen 

et al., 1991). BSAA (benzo(b)selenienyl-3-) acetic acid) is another synthetic auxin with 

powerful auxin like activities (Lamproye et al., 1990; Gasper, 1995).  

 

Cytokinins are plant growth regulator derivative from adenine. Cytokinins often used 

to induce cell division, modification of apical dominance and shoots dedifferentiation in 

tissue culture. The most commonly used cytokinins in tissue culture are the substituted 

purines, BAP (6-benzylaminopurine) or BA (6-benzyladenine) and kinetin (N-1-H-

purine-6-amine). Adenine, adenosine and adenylic acid may have the cytokinin activity 

although less than that of the cytokinins (Gaspar et al., 1996). Adenine can be used to 

bring about or reinforce response normally attributed to cytokinin action. 

 

The interaction between auxin and cytokinin is important with respect to 

morphogenesis in tissue culture system. According to Razdan (1993), for somatic 

embryogenesis formation, callus initiation and root initiation the requisite ratio of auxins 
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to cytokinin is high while the reverse leads to axillary and shoot proliferation. Additional 

of auxin in higher concentration (1-10 mg/l) can induce adventitious shoot formation and 

root formation is generally inhibited whereas additional higher concentration of 

cytokinins can induce shoot formation thus inhibited root formation (Pierik, 1987).  

 

Macronutrients and micronutrients are important component for tissue culture media. 

Macronutrient are mineral elements that required by plants in concentration which is 

greater than 0.5 mmol l-1 (Appendix A). Macronutrients are essential components of 

macromolecules such as protein and nucleic acids as well as constituents of many small 

molecules (Carl & Richard, 2002). Nitrogen (N), phosphorus (P), potassium (K), calcium 

(Ca), Magnesium (Mg) and Sulphur (S) are the major element in macronutrient. 

Micronutrients are required in much smaller quantities less than 0.005 mmol l-1 and 

essential in various roles such as enzymes cofactors or components of electron transport 

protein (Marschner, 1995). Micronutrients consist of iron (Fe), manganese (Mn), zinc 

(Zn), boron (B), copper (Cu), molybdenum (Mo), cobalt (Co), iodine (I) and sodium (Na).   

 

Organic nutrients that usually added into the media are amino acids, activated charcoal, 

antibiotics, myo-inositol, vitamins and other organic supplements like protein (casein) 

hydrolysates, coconut milk, yeast and malt extracts, ground banana, orange juice and 

tomato juice. Vitamins are supplemented in small quantities into the tissue culture media 

to induce the best growth of the tissue. Thiamin (B1), Nicotinic acid (B3), and Pyridoxine 

(B6) are the commonly vitamin used in plant tissue culture. Razdan (1993) reveal that, 

Thiamine is the basic vitamin required by all plant cells and tissues. Most plants are able 

to synthesize vitamins in vitro. Amino acid also important in tissue culture improvement 

by stimulating the cells growth. Additional of amino acids in the culture media proven to 

inhibit the cell growth while their mixtures are frequently beneficial (Razdan, 1993). 
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Medium fortified with adenine generally can enhanced the cells growth and adventitious 

shoot formation. Adenine was first used by Skoog & Tsui (1948) in the tissue culture of 

tobacco.  

 

Myo-inositol is a sugar like carbohydrate or sugar alcohol produced by most plants. 

Myo-inositol is a staple ingredient of media used to grow plant tissue though the role of 

myo-inositol in the successful growth of the tissues culture has not been determined. 

Myo-inositol is the essential molecule for the production of the plant cell wall. It is 

supplemented component in various root products because it is significant function for 

phosphate storage, plant growth regulators storage and transport, cell wall biosynthesis 

and the production of stress related molecules. An oxidize form of inositol is the most 

common and important sugar involved in polysaccharide production for cell walls 

(Loewus & Murthy, 2000). Bandurski (1979) mention that, myo-inositol has been 

assumed to play a vital role in the control of auxin transportation. It links up with auxin 

to form inactive hormone-conjugates that allowed for safe auxin storage and transport 

and may regulate the available of active auxin for physiological responses. Sometimes 

activated charcoal was added in tissue culture media to stimulate growth and 

differentiation of plant cells. Studies were reported on orchids, tomato, ivy and carrot. 

Activated charcoal also added in the tissue culture medium helps to reduce toxicity by 

removing toxic compounds like phenolic compounds produced during the culture and 

permits unhindered cell growth.  

 

Environmental factors have great influence in the process of differentiation and growth 

of tissues in cultures system. Plant cells and tissues usually need optimum pH for growth 

and development. The pH medium can affect the ions uptake of the cell. In general, the 

pH reading that is appropriate for most plant tissue and cells is around 5.00-6.00. pH value 
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can influence the solidifying process the tissue culture medium. pH reading higher than 

6.00 usually produce hard medium while a low pH result in unsatisfactory solidification 

of the agar. Culture room also play significant role in the successful of in vitro tissue 

culture. The cultures must be kept or maintained in a space which light, temperature, air 

circulation and humidity that can be controlled. It is very difficult to designate whether a 

particular culture should be grown in the light or the dark, at high or low temperature but 

the best to choose is those light and temperature conditions that are the best for the growth 

and development of the experimental materials in vivo Peirik (1987). According to 

Razdan (1993), a diurnal illumination of 16 hours day and 8 hours night is generally found 

satisfactory for multiplication and proliferation of shoots for most plant cells and tissue. 

The temperature in the culture room usually maintain at 25ºC. The optimal temperature 

for in vitro growth and development is generally 3-4 ºC higher than in vivo growth (Peirik, 

1987). The volume of the culture container also can affect the cells and tissue growth. 

The volume of the culture container can affect the constitution of the gas phase within the 

culture vessel. Ethylene, oxygen, carbon dioxide, ethanol and acetaldehyde are 

metabolically active gases with possible effects on morphogenesis and may promote 

unorganized cell growth (Razdan, 1993). 

 

Univ
ers

ity
 of

 M
ala

ya



 

 
 
 

28 
 

 
 
Figure 2.2: Intact plant of Dioscorea alata L. grown at Universiti 
Malaya green house. 
 

 
 
Figure 2.3: Purple-tinged stem and narrowly heart shape leaves of  
Dioscorea alata L. 
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Figure 2.4: Irregular shape tubers with rough and bumpy surfaces. 
 

 
 

Figure 2.5: Tubers with intense purple colour. 
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CHAPTER 3: METHODOLOGY 

 

3.1 Regeneration of Dioscorea alata L. in vitro 

3.1.1 Explant Preparation 

3.1.1.1Plant Materials 

Tubers of Dioscorea alata L. were collected from local grower in Machang, Kelantan, 

Malaysia and germinated at Institute of Biological Sciences, Faculty of Science, 

Universiti Malaya, Kuala Lumpur, Malaysia. The tuber was cut into 8 cm segments with 

peel and small parts of flesh then cultured in plastic pots containing garden soil. After 3 

months, each apex had grown into a long stem with 10 to 15 nodes. Leaf, stem (internode) 

and node obtained from this plant were utilized as explants for in vitro cultures. 

 

3.1.1.2 Sterilization of explants 

Explants (leaf, stem and node) from 3 month-old intact plants of Dioscorea alata were 

utilized as explants for in vitro cultures. First, explants were washed with Teepol and 

antiseptic germicide Dettol and surface sterilized under running tap water for 30 minutes 

to remove contaminants and any residues that found on the explants. After that, the 

explants were soaked in different concentrations (70%. 50%, and 30%) of sodium 

hypochlorite (clorox) solution. At the first soaked of 70% sodium hypoclorite, two drops 

of Tween 20 was added. The explants were then rinsed with sterile distilled water to get 

rid of any traces of sodium hypochlorite that was used earlier. Each rinse lasted 

approximately for three minutes. Finally, in the laminar flow chamber, the explants were 

soaked in ethanol 70% for three minutes then washed 3 times in sterile distilled water for 

three minutes prior to culturing.  
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3.1.2 Preparation of Culture Media 

In this study, MS basal media and MS media fortified with plant growth regulators 

(BAP and NAA) were prepared. MS (Murashige & Skoog, 1962) was used as the basic 

medium. MS media powder was purchased from Sigma Chemical Company, Sigma-

addrich. To prepare 1 litre MS basal media, 1000ml conical flask were filled up with 

800ml of distilled water. After that, 4.4 g MS powder and 30 g sucrose, were weighed 

and added into the conical flask. The conical flask was placed on the hot plate and the 

medium solution was stirred until all the sucrose and MS powder were dissolved. After 

that, distilled water was added, made up to 1 litre in the conical flask. The pH of the 

medium was adjusted to 5.8 using 1.0 M hydrochloric acid (HCl) and 1.0 M sodium 

hydroxide (NaOH). Next, 3.5 g gelrite gellan gum was added into the medium. The media 

was autoclaved at a pressure of 104 kPa (15 Psi2) and temperature of 121ºC for 20 

minutes. For MS medium supplemented with plant growth regulators, stock of plant 

growth regulators was prepared by diluting the plant growth regulators in distilled water. 

First, to prepare 1 mg/l stock plant growth regulators, 100 mg of plant growth regulators 

was weighed and dissolved in a few drops of HCl or NaOH. Then, 100 ml of distilled 

water was added into the solution. The mixture was stirred until clear solution was 

obtained.  Plant growth regulators was added into the medium prior to autoclave. After 

the media has been autoclaved and cooled (50ºC), the media were dispensed into 60 ml 

sterile universal container. 

 

3.1.3 Culture Conditions 

Prior to tissue culture work, all equipment and apparatus essential for culture must be 

sterilized. All tissue culture apparatus like forceps, scalpels, jam jars and etc.were 

autoclaved before used. Blades, universal containers and Petri dishes were sterile before 

used. The laminar flow chamber, in which all tissue culture work was done, was sterilized 
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by spraying all the surfaces with 70% ethanol and then wiped with autoclaved tissues. 

Before that, the shortwave length ultraviolet (UV) lamp was switched on in the chamber 

for about 15 minutes. All apparatus and related tools must be wiped with 70% ethanol 

prior to culturing. Scalpels and forceps were dipped into hot bead sterilizer and cooled in 

sterile distilled water before used to excise the explants. The hot bead sterilizer was switch 

on for about 15 minutes before used (to get the desirable temperature of 250ºC). 

 

3.1.4 Identification of Suitable Plant growth regulators and Explants for In vitro 

Regeneration  

The effect of MS basal media and MS media fortified with BAP and NAA applied 

singly or in combination were studied to obtain the optimum medium for microshoots and 

root formation. Leaf, stem (internode) and node were utilized as the explant. Leaf explants 

were cut into segments (1 cm x 1 cm), stem explants were cut into 1 cm in length and 

node explants were isolated from stem were cultured on media prepared. All explants 

cultured were maintaned in the culture room at 25±1 ºC and 16 hours light of photoperiod 

with 25μmol m-2s-2 of light intensity for 16 weeks. Results were recorded during 16th 

week. From the results obtained in this experiment the most responsive explant and the 

optimum medium for root regeneration were recognized.  

 

3.1.4.1 Effect of BAP and NAA Applied Singly or in Combination on Microshoots 

Formation 

All concentrations and combination of plant growth regulators were tested for 

microshoot formation from leaf, stem and node explants of Dioscorea alata were as listed 

below; 

1. MS media (as control) 

2. MS + 0.5 mg/l NAA 
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3. MS + 1.0 mg/l NAA 

4. MS + 1.5 mg/l NAA 

5. MS + 2.0 mg/l NAA 

6. MS + 2.5 mg/l NAA 

7. MS + 3.0 mg/l NAA 

8. MS + 0.5 mg/l BAP 

9. MS + 1.0 mg/l BAP 

10. MS + 1.5 mg/l BAP 

11. MS + 2.0 mg/l BAP 

12. MS + 2.5 mg/l BAP 

13. MS + 3.0 mg/l BAP 

14. MS + 0.5 mg/l NAA+ 0.5 mg/l BAP 

15. MS + 0.5 mg/l NAA+ 1.0 mg/l BAP 

16. MS + 0.5 mg/l NAA+ 1.5 mg/l BAP 

17. MS + 0.5 mg/l NAA+ 2.0 mg/l BAP 

18. MS +0.5 mg/l NAA+ 3.0 mg/l BAP 

19. MS + 1.0 mg/l NAA+ 0.5 mg/l BAP 

20. MS + 1.0 mg/l NAA+ 1.0 mg/l BAP 

21. MS + 1.0 mg/l NAA+ 1.5 mg/l BAP 

22. MS + 1.0 mg/l NAA+ 2.0 mg/l BAP 

23. MS + 1.0 mg/l NAA+ 3.0 mg/l BAP 

24. MS + 1.5 mg/l NAA+ 0.5 mg/l BAP 

25. MS + 1.5 mg/l NAA+ 1.0 mg/l BAP 

26. MS + 1.5 mg/l NAA+ 1.5 mg/l BAP 

27. MS + 1.5 mg/l NAA+ 2.0 mg/l BAP 

28. MS + 1.5 mg/l NAA+ 3.0 mg/l BAP 

Univ
ers

ity
 of

 M
ala

ya



34 
 

29. MS + 2.0 mg/l NAA+ 0.5 mg/l BAP 

30. MS + 2.0 mg/l NAA+ 1.0 mg/l BAP 

31. MS + 2.0 mg/l NAA+ 1.5 mg/l BAP 

32. MS + 2.0 mg/l NAA+ 2.0 mg/l BAP 

33. MS + 2.0 mg/l NAA+ 3.0 mg/l BAP 

34. MS + 3.0 mg/l NAA+ 0.5 mg/l BAP 

35. MS + 3.0 mg/l NAA+ 1.0 mg/l BAP 

36. MS + 3.0 mg/l NAA+ 1.5 mg/l BAP 

37. MS + 3.0 mg/l NAA+ 2.0 mg/l BAP 

38. MS + 3.0 mg/l NAA+ 3.0 mg/l BAP 

 

3.1.4.2 Identification of Suitable Plant growth regulators and Explants for Root 

Regeneration 

Several concentrations and combination of plant growth regulators were tested for root 

formation from leaf, stem and node explants of Dioscorea alata. MS free plant growth 

regulators was used as a control. The plant growth regulators concentrations and 

combinations tested were as listed below; 

1. MS media (as control) 

2. MS + 0.5 mg/l NAA 

3. MS + 1.0 mg/l NAA 

4. MS + 1.5 mg/l NAA 

5. MS + 2.0 mg/l NAA 

8. MS + 0.5 mg/l BAP 

9. MS + 1.0 mg/l BAP 

10. MS + 1.5 mg/l BAP 

11. MS + 2.0 mg/l BAP 
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12. MS + 0.5 mg/l NAA+ 0.5 mg/l BAP 

13. MS + 0.5 mg/l NAA+ 1.0 mg/l BAP 

14. MS + 0.5 mg/l NAA+ 1.5 mg/l BAP 

15. MS + 0.5 mg/l NAA+ 2.0 mg/l BAP 

16. MS + 1.0 mg/l NAA+ 0.5 mg/l BAP 

17. MS + 1.0 mg/l NAA+ 1.0 mg/l BAP 

18. MS + 1.0 mg/l NAA+ 1.5 mg/l BAP 

19. MS + 1.0 mg/l NAA+ 2.0 mg/l BAP 

20. MS + 1.5 mg/l NAA+ 0.5 mg/l BAP 

21. MS + 1.5 mg/l NAA+ 1.0 mg/l BAP 

22. MS + 1.5 mg/l NAA+ 1.5 mg/l BAP 

23. MS + 1.5 mg/l NAA+ 2.0 mg/l BAP 

24. MS + 2.0 mg/l NAA+ 0.5 mg/l BAP 

25. MS + 2.0 mg/l NAA+ 1.0 mg/l BAP 

26. MS + 2.0 mg/l NAA+ 1.5 mg/l BAP 

27. MS + 2.0 mg/l NAA+ 2.0 mg/l BAP 

 

3.1.5 Induction and Production of Microtubers 

3.1.5.1 Identification of Suitable Plant growth regulators for Microtubers Formation  

Four month-old plantlets derived from direct regeneration of node explants were 

subcultured onto MS media supplemented with different concentrations and 

combinations of plant growth regulators for microtubers formation. Four concentrations 

of BAP, eight concentrations of Kinetin and four concentrations and combination of BAP 

and NAA were prepared. The following is the list of media that were used in this 

experiment.  

1. MS basal (medium without plant growth regulators/ control) 
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2. MS + 0.5 mg/l BAP  

3. MS + 1.0 mg/l BAP 

4. MS + 1.5 mg/l BAP 

5. MS + 2.0 mg/l BAP 

6. MS + 0.5 mg/l Kin 

7. MS + 1.0 mg/l Kin 

8. MS + 1.5 mg/l Kin 

9. MS + 2.0 mg/l Kin 

10. MS + 1.0 mg/l BAP + 0.5 mg/l NAA 

11. MS + 1.0 mg/l BAP + 1.0 mg/l NAA 

12. MS + 1.0 mg/l BAP + 1.5 mg/l NAA 

13. MS + 1.0 mg/l BAP + 2.0 mg/l NAA 

All plantlets were maintained in the culture room at 25±1 ºC and 16 hours light of 

photoperiod with 25μmol m-2s-2 of light intensity for 16 weeks. Observation were made 

every month and results were recorded during the 10th month. From the results obtained 

in this experiment, the optimum medium for microtubers formation was identified.  

 

3.1.5.2 Identification of Suitable Plant growth regulators for Shoot Proliferation 

from Microtuber 

Each microtuber produced was cut into small segments (1 cm) and cultured on MS 

medium supplemented with 30 g/l sucrose and 3.5 g/l gelrite gellan gum. MS culture 

medium was used together with different types, concentrations and combinations of plant 

growth regulators. The following is the list of media that were used in this experiment;  

1. MS basal (as control) 

2. MS + 0.5 mg/l BAP 

3.  MS+1.0 mg/l BAP  
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4. MS+1.5 mg/l BAP 

5. MS+2.0 mg/l BAP 

6. MS+0.5 mg/l NAA 

7. MS+1.0 mg/l NAA 

8. MS+1.5 mg/l NAA 

9. MS+2.0 mg/l NAA 

10. MS + 1.0 mg/l BAP + 0.5 mg/l NAA 

11. MS + 1.0 mg/l BAP + 1.0 mg/l NAA 

12. MS + 1.0 mg/l BAP + 1.5 mg/l NAA 

13. MS + 1.0 mg/l BAP + 2.0 mg/l NAA 

14. MS+2.0 mg/l NAA +0.5 mg/l BAP 

15. MS+2.0 mg/l NAA +1.5 mg/l BAP 

16. MS+2.0 mg/l NAA +2.0 mg/l BAP 

All microtubers cultured were incubated in the culture room at 25±1 ºC with 16 hours 

light and 25μmol m-2s-2 of light intensity for 16 weeks. Observations were made every 

weeks and results were recorded during the 3rd month. From the results obtained in this 

experiment, the percentage of explants produced shoots and the average number of shoots 

were evaluated and the optimum medium for shoot formation from microtuber was 

identified.  

 

3.2 Coloured Callus Induction from Various Explants of Dioscorea alata L. 

3.2.1 Explants Preparations 

Leaf, stem (internode) and node explants obtained from 6-month-old plantlets were 

used in this experiment. Plantlets were induced from nodes of intact plants cultured on 

MS basal media supplemented with 30 g/l sucrose and 3.5 g/l gelrite gellan gum (as 

discussed in section 3.1.4).  

Univ
ers

ity
 of

 M
ala

ya



38 
 

3.2.2 Preparation of Culture Media 

Media was prepared using the same steps discussed in section 3.1.2. MS was used as 

the basic medium for callus induction. Desired plant growth regulators, myo-inositol and 

activated charcoal was added into the medium. Same steps was followed for liquid media 

preparation except no gelrite gellan gum was added into the medium. 

 

3.2.3 Callus Induction 

Method applied for the production of callus basically similar to the regeneration of 

microshoots and root with slightly modification (explant from sterile plantlets). Leaf 

explants were cut into segments (1 cm x 1 cm), while stems and nodes were cut into 1 cm 

in length. All the explants were cultured on MS media fortified with different types, 

concentrations and combinations of plant growth regulators. MS media without plant 

growth regulators was used as control. The media tested in this study were as listed below; 

1. MS basal 

2. MS + 0.5 mg/l 2,4-D 

3. MS + 1.0 mg/l 2,4-D 

4. MS + 2.0 mg/l 2,4-D 

5. MS + 0.5 mg/l NAA 

6. MS + 1.0 mg/l NAA 

7. MS + 2.0 mg/l NAA 

8. MS + 1.0 mg/l TDZ 

9. MS + 2.0 mg/l TDZ 

10. MS + 2.0 mg/l 2,4-D + 1.0 mg/l BAP 

11. MS + 2.0 mg/l NAA + 1.0 mg/l BAP 

12. MS + 2.0 mg/l 2,4-D + charcoal 

13. MS + 2.0 mg/l 2,4-D + 1.0 mg/l BAP + charcoal 
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14. MS + 2.0 mg/l NAA + charcoal 

15. MS + 2.0 mg/l NAA + 1.0 mg/l BAP + charcoal 

16. MS + 1.0 mg/l TDZ+ charcoal 

17. MS + 2.0 mg/l TDZ+ charcoal 

18. MS + 2.0 mg/l 2,4-D + 0.1 g/l myo-inositol 

19. MS + 2.0 mg/l 2,4-D + 0.5 g/l myo-inositol 

20. MS + 2.0 mg/l NAA + 0.1 g/l myo-inositol 

21. MS + 2.0 mg/l NAA + 0.5 g/l myo-inositol 

All cultures were kept in the culture room with photoperiod of 16 hours light and 8 

hours dark.  

 

3.3 Somatic Embryogenesis and Indirect Regeneration of Dioscorea alata L. 

3.3.1 Establishment Phase for Callus Formation 

Node explants from five-month-old intact plants of Dioscorea alata L. were used in 

this experiment. Intact plants were derived from tubers grown at garden in Institute of 

Biological Sciences, Faculty of Science, Universiti Malaya. Node explants were sterilized 

using the same steps for explant sterilization as discussed in section 3.1.1.2. After 

removed damages areas, each explant was cut into 1 cm x 1 cm and cultured on MS media 

supplemented with different concentrations and combinations of plant growth regulators.  

 

3.3.2 Embryogenic Callus Initiation 

Node explants were cultured on embryogenic callus induction media. Media was 

prepared using the same as for media preparation discussed in section 3.1.2. The list of 

media used for embryogenic callus induction are as below; 

1. MS media (control) 

2. MS + 0.5 mg/l NAA 
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3. MS + 1.0 mg/l NAA 

4. MS + 1.5 mg/l NAA 

5. MS + 2.0 mg/l NAA 

6. MS + 2.5 mg/l NAA 

7. MS + 3.0 mg/l NAA 

8. MS + 0.5 mg/l 2-4,D 

9. MS + 1.0 mg/l 2-4,D 

10. MS + 1.5 mg/l 2-4,D 

11. MS + 2.0 mg/l 2-4,D 

12. MS + 2.5 mg/l 2-4,D 

13. MS + 3.0 mg/l 2-4,D 

The cultures were incubated in the culture room at 25 ± 1 ºC with 16 hours light and 8 

hours dark. After 2 months, white purplish friable callus was observed. Callus that was 

obtained were analyzed whether it is embryogenic or non embryogenic using double 

staining technique. These callus were then transferred to other media to induce somatic 

embryogenesis. 

 

3.3.3 Identification of Embryogenic Callus 

Callus can be divided into two types, embryogenic and non-embryogenic callus. 

Embryogenic callus has the ability to regenerate into new plantlets. Embryogenic and non 

embryogenic callus can be identified by using ‘double staining’ technique following the 

method established by Gupta and Durzan in 1987. Initially, 2% acetocarmine and 0.5% 

Evan’s Blue solution were prepared. Then, small pieces of callus (3-5 mm) were placed 

on clean glass slides. A few drops of acetocarmine was added until all callus were 

submerged. The callus was gently divided with forceps into very small pieces in the 

acetocarmine solution. The specimens were flamed or heated gently for 2 minutes without 
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boiling it. The callus was washed for 2 to 3 times with distilled water to remove all liquid 

of acetocarmine. Two drops of 0.5% Evan’s Blue was added to Acetocarmine stained 

cells. After 30 seconds, the slides were washed 2-3 times with water and then all water 

was removed. One to two drops of glycerol was added to stained cells to prevent drying. 

The slides were then observed under light microscope with different magnifications (10X, 

40X and 100X) and the embryogenic and non embryogenic callus were identified. 

 

3.3.4 Preparation of Somatic Embryogenesis Induction Medium  

Solid and liquid culture media were used for somatic embryo induction media. Solid 

media was prepared using the same steps as discussed in section 3.1.2 by diluting MS 

powder with 30 g/l sucrose and 8 g/l agar in distilled water. Liquid culture media was 

prepared using the same method but without the addition of gelling agent. Various types 

and concentrations of plant plant growth regulators such as 2,4-D and NAA were added 

into the culture medium to study the effects on induction and formation of somatic 

embryos. Solid and liquid media were supplemented with the same concentrations and 

combinations of plant growth regulators. Below is the list of media that was used in this 

study. 

1. MS media (control) 

2. MS + 0.5 mg/l BAP 

3. MS + 1.0 mg/l BAP 

4. MS + 1.5 mg/l BAP 

5. MS + 2.0 mg/l BAP 

6. MS + 0.5 mg/l NAA 

7. MS + 1.0 mg/l NAA 

8. MS + 1.5 mg/l NAA 

9. MS + 2.0 mg/l NAA 
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10. MS + 2.5 mg/l NAA 

11. MS + 3.0 mg/l NAA 

12. MS + 0.5 mg/l 2-4,D 

13. MS + 1.0 mg/l 2-4,D 

14. MS + 1.5 mg/l 2-4,D 

15. MS + 2.0 mg/l 2-4,D 

16. MS + 2.5 mg/l 2-4,D 

17. MS + 3.0 mg/l 2-4,D 

18. MS + 2.0 mg/l 2-4,D + 0.5 mg/l BAP 

19. MS + 2.0 mg/l 2-4,D + 1.0 mg/l BAP 

20. MS + 2.0 mg/l 2-4,D + 1.5 mg/l BAP 

21. MS + 2.0 mg/l 2-4,D + 2.0 mg/l BAP 

 

3.3.5 Induction of Somatic Embryos 

Embryogenic callus was subcultured onto solid media and liquid media for somatic 

embryo formation. Small pieces (0.5 cm) of embryogenic callus was transferred to solid 

media or liquid somatic embryogenesis induction media. Cultures in solid media were 

maintained in the culture room under photoperiod of 16 hours light and 8 hours dark. 

Cultures in liquid media were maintained on a rotary shaker at 100 rpm in the same 

culture room. Different stages of somatic embryogenesis were observed after 3 months. 

 

3.3.6 Somatic Embryos Maturation and Germination 

For embryo maturation and germination, somatic embryos were transferred onto 

somatic embryo germination media containing various concentrations of BAP and NAA. 

For each treatment, 2 cm x 2 cm callus with somatic embryos were cultured onto MS 

solid medium. Percentage of embryos germination and number of shoots and roots 
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formation were observed after one month of culture. Below is the list of media used in 

this experiment. 

1. MS Basal media   

2. MS + 0.5 mg/l BAP 

3. MS + 1.0 mg/l BAP 

4. MS + 1.5 mg/l BAP 

5. MS + 2.0 mg/l BAP 

6. MS + 0.5 mg/l NAA 

7. MS + 1.0 mg/l NAA 

8. MS + 1.5 mg/l NAA 

9. MS + 2.0 mg/l NAA 

10. MS + 1.0 mg/l BAP + 0.5 mg/l NAA 

11. MS + 1.0 mg/l BAP + 1.0 mg/l NAA 

12. MS + 1.0 mg/l BAP + 1.5 mg/l NAA 

13. MS + 1.0 mg/l BAP + 2.0 mg/l NAA 

 

3.4 Synthetic Seed Studies in Dioscorea alata L. 

3.4.1 Preparation of Synthetic Seed Propagules 

The plant materials for this experiment was obtained from in vitro cultures of 

Dioscorea alata derived from intact plants. Shoot tips, stems and nodes from 5-month-

old complete plantlets were used as propagules for synthetic seed formation.  

 

3.4.2 Preparation of Encapsulation Matrix 

 Seeds are normally produced by growing plants as a direct consequence of the sexual 

process. The normal seeds consist of mature embryos in a resting stage as well as various 

nutritive tissues (endosperm) and seed coats necessary for food storage, transport and 
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protection. Synthetic seeds mimic the natural seeds. The seeds consist of tissues derived 

from vegetative parts and artificial endosperms. Encapsulation matrix acted as the 

artificial endosperm. The condition of an artificial endosperm could provide nutrients and 

growth regulators that were essential for plantlet development from encapsulated part 

(Nieves et al., 1998). Usually propagules from cultures encapsulated in a nutrient gel 

containing essential organic or inorganic salt, carbon source, plant growth regulators, 

vitamin and coating agent. The pH of encapsulation matrix was adjusted to 5.8.  

 

3.4.2.1 Preparation of MS Basal Medium (Essential organic/ inorganic salt) 

MS basal medium without calcium chloride (Ca-Free MS) was prepared using MS 

stock solution which contain: 

i) Macronutrient: Magnesium sulphate, potassium phosphate, potassium nitrate, 

ammonium nitrate.  

ii) Micronutrient: Boric acid, Manganese sulphate, Zink sulphate, Sodium 

Molybdate, Copper sulphate, Cobalt (II) Chloride Hexahydrate, Potassium 

Iodide (KI).  

iii) Iron: Ferrous sulfate heptahydrate, Disodium ethylenediaminetetraacetate 

dihydrate.  

iv) Vitamin: Thiamine HCL, Pyridoxine HCL, and Nicotinic acid.  

v) Myo-inositol.  

vi) Sucrose. 

 

3.4.2.2 Preparation of Sodium alginate solution (Coating agent) 

Sodium alginate (NaC6H7O6) consists of alginate acid was used as the coating agent 

in encapsulation matrix of synthetic seed. Sodium alginate solution was prepared using a 

heating method used by Fabre and Dereudde (1990). To prepare 1.0% sodium alginate 
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solution, 1.0 g of sodium alginate powder was added into 100 ml MS basal medium 

without calcium chloride dehydrate (Ca-Free MS), then 3g sucrose was added, pH was 

adjusted to 5.8. Finally autoclaved for 21 minutes at 121ºC.  

 

3.4.3 Preparation of Calcium Chloride (Hardening the encapsulation matrix) 

 Calcium chloride dehydrate (CaCl2.2H2O) was used for hardening the encapsulated 

seed. Hardening treatment was imposed in order to block precocious germination and to 

increase encapsulated explants survival after desiccation. To prepare 50 mM Calcium 

chloride dehydrate solution, 1.8378 g of Calcium chloride dehydrate powder was diluted 

in 250 ml distilled water and autoclaved for 21 minutes at  121ºC. 

 

3.4.4 Encapsulation Technique of Synthetic Seed 

 Encapsulation technique was used to prepare synthetic seed. Shoot tips, node and stem 

explants were isolated from cultures and blot dried on filter paper. After that, explants 

were placed into Sodium alginate solution. To form one bead, micropipette size 5mm was 

used to draw one explant with sodium alginate solution and dropped into Calcium 

chloride solution. After 40 minutes, decanting the Calcium chloride solution from the 

beads and the beads were washed 3 times with sterile distilled water. 

 

3.4.5 Preparation of the Regeneration Medium 

MS solid and liquid media were used to germinate the synthetic seed produced. MS 

solid media was prepared using the same steps as media preparation discussed in section 

3.1.2. MS liquid media was prepared using the same method without adding gelrite gellan 

gum. All cultures were maintained in culture room at 25±1º C under16 hours light and 8 

hours dark. The survival rate was recorded. Thirty replicates were used in each treatment. 
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3.4.6 Preparation of Sodium alginate and Calcium Chloride Dehydrate Solution  

 Four different concentrations of sodium alginate solution and four different 

concentrations of Calcium Chloride Dehydrate Solution were prepared. Four different 

concentrations of sodium alginate were prepared which are 2.0%, 3.0%, 4.0% and 5%. 

Four concentration of Calcium chloride were prepared; 25mM, 50 mM, 75 Mm and 100 

mM. 

 

3.4.7 Effects of Plant growth regulators in Sodium alginate Solution 

 Sodium alginate solution at concentration of 3% was prepared with addition of plant 

growth regulators. Two types of solution were prepared i.e. 3% sodium alginate 

supplemented with 1.0 mg/l BAP and 3% sodium alginate supplemented with 1.0 mg/l 

BAP and 2.0 mg/l 2,4-D.  

 

3.4.8 Effects of Low Temperature Storage Period on Germination of Synthetic seeds 

 Sterile synthetic seeds (encapsulated shoot tips) in 3% sodium alginate and 75 mM 

calcium chloride dehydrate) covered with aluminum foil (dark condition) were stored in 

a laboratory refrigerator at 4±1º C. At 7 days intervals up to 30 days, the synthetic seeds 

were inoculated and cultured on MS solid and in liquid media maintained in culture room 

at 25±1º C under16 hours light and 8 hours dark. The survival rates were recorded. Thirty 

replicates were used in this treatment. 

 

3.5 Acclimatization of In vitro Plantlets of Dioscorea alata L. 

3.5.1 Soil Analysis 

Growth substrates play as a crucial factor in acclimatization process. In order to 

establish the optimum growth of micropropagated plantlets transferred, substrates were 

analysed to determine the Exchangeable Bases (K, Ca and Mg), Cation Exchange 
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Capacity (CEC), Nitrogen (N), Phosphorous (P), Potassium (K), Total Phosphorous, 

Available Phosphorous and moisture content of the substrates. Experiments were 

conducted at  

 

Macronutrients (N, P, K, Ca and Mg) were analyzed using Atomic Absorption 

Sectrophotometer (AAS). The exchangeable bases and CEC was analyzed using leaching 

method. First, 10 g of substrate was weighed out and packed into leaching column. After 

that, 100 ml of 1M Ammonium Acetate reagent was added into 350ml Erlenmeyer flask 

fitted with the outlet tube and invert over the soil column. After 5 hours, leachates were 

collected and the solution with 1M Ammonium Acetate for the determination of K, Mg 

and Ca. The remaining sample was washed with spirit metal for determination of Cation 

Exchange Capacity (CEC).  The sample was titrated with 0.075N HCl until the green 

colour turn to light purple. The volume of HCl used was recorded. The basic calculation 

for CEC value (cmolc/ kg) is: 

CEC value: (VHCL of sample – VHCL of black) X 0.021 X (1000/14) 

 

Total Nitrogen content was analyzed using Kjeldahl method by using AAS. One tablet 

Kjeldahl catalyst and half spatula of sodium thiosulphate was added with 1.0 g soil into 

digestive tube of AAS. 25 ml boric acid and 3 drops of methyl alcohol was added into the 

mixture. Then, the solution was titrated with 0.075N HCl using TitraMate 10 METTLER 

TOLEDO. The volume of HCl used was recorded. The basic calculation for Total N are: 

      

% N= 
14.01 𝑋 (𝑚𝑙 𝑡𝑖𝑡𝑟𝑎𝑛𝑡−𝑚𝑙 𝑏𝑙𝑎𝑛𝑘)−(𝑁 𝑜𝑓 𝑡𝑖𝑡𝑟𝑎𝑛𝑡)𝑋 100 

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)𝑋 1000
  

 

The total carbon was determined using Dry Combustion Method with Leco Trumac- 

Determinations Version 1.1 x CNX analyzer. Total P was analysed using AAS. 1.0 g soil 
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was added into 3 ml of mixture of sulphuric acid and perchloric acid with a ratio of 50: 

50. Reagent C was added into the solution. After that the sample was analysed using UV 

Spectrophotometer. Available phosphorous was determined by using Bray II Method 

(Anon, 1980). Two g of air dried soil were weighed out and put into plastic vial. After 

that, 20 ml of Available phosphorous extraction solution was added into the sample. The 

sample was stirred using orbital shaker for 30 min and the final product was analyzed by 

using UV Spectrometer for determination of Available P in the soil. 

 

3.5.2 Plant Materials  

Complete micropropagated plantlets obtained from the in vitro regeneration was used 

in this experiment. After 4 months, the new plantlets obtained from in vitro cultures were 

ready to be transferred to the natural environment as they developed sufficient shoots and 

roots. 

 

3.5.3 Growing Substrates and Transferring Plantlets to ex vitro Environment 

Well rooted four-month-old micropropagated (in vitro) plantlets were carefully 

removed from culture tubes and roots were washed thoroughly under running tap water 

to remove the adhering gel and all the medium traces. They were then transplanted to 

plastic pots (80 x 60 mm) containing acclimatization media with different scheme of 

growth medium; namely Black soil, Red soil, Mixture of Black soil and Red soil at ratio 

2 to 1. The potted plantlets were then covered with transparent plastics with small holes 

to reduce water lost. The potted plantlets were first kept in the culture room at 25 ± 1 °C 

under 16 hours light and 8 hours dark for 4 weeks before exposing to the natural 

environment. The survival rates were recorded after 4 and 8 weeks of transfer. After 4 

weeks in culture room, potted plantlets were transferred to green house. Shading was used 

to reduce irradiance during the first day of acclimatization. After 30 days in the 
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greenhouse, the plastic cover was slowly lifted up and the shading of the covered reduced. 

At day 60 the plastic covered was removed completely. Based on all experiments done, 

the best acclimatization technique which gave the highest survival rate was identified. 

 

3.5.4 Measurement of Agronomic Parameters 

Several agronomic parameters such as plant height, number of leaves, and number of 

nodes per plant were measured after 4 and 8 weeks micropropagated plantlets being 

acclimatized. 

 

3.6 Anthocyanin Content and Accumulation in Dioscorea alata L. 

3.6.1 Preparation of Samples 

Fresh tubers and leaves obtained from intact plant (in vivo grown) of Dioscorea alata 

were used as in vivo samples and callus and plantlets from tissue culture technique were 

used as in vitro samples.  

In vivo samples 

Tubers (cleaned, peeled and sliced into 5 x 5 x 1 cm3 cube) and leaves of Dioscorea 

alata were freeze dried for one week. After that, samples were pulverized to powder form 

by using electric grinder. Required quantity of powder were weighed out and treated with 

methanol until the powder is fully immersed. The mixture was shaken for 1 hour and 

centrifuged at 4000 rpm for 15 min. 

In vitro samples 

Purple coloured callus and plantlets of Dioscorea alata were induced using different 

combination of plant growth regulators. Node explants were cultured on MS (Murashige 

and Skoog, 1962) media containing 30 g/l sucrose and 3.5 g/l gelrite gellan gum. All 

cultures were kept in the culture room with the photoperiod 16 hours light and 8 hours 

dark. Callus and plantlets obtained from tissue culture of Dioscorea alata were freeze 
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dried for one week. After that, samples were pulverized to powder form by using electric 

grinder. Required quantity of powder were weighed out and treated with methanol until 

the powder is fully immersed. The mixture was shaken for 1 hour and centrifuged at 4000 

rpm for 15 min. 

 

3.6.2 Extraction of Pigments 

Samples (10.0 g) were dissolved in 100 ml methanol solution to extract the colour 

(anthocyanin). The mixtures were then centrifuged at 5000 rpm for 10 min. Subsequently, 

the supernatant was collected and filtered through Whatman No. 1 filter paper to remove 

any residues. Finally, the extracts were covered with aluminum foil and stored under dark 

condition at 4±1 ºC to avoid colour degradation and hydrolysis of the acyl groups in the 

anthocyanin structure. 

 

3.6.3 Total anthocyanin Content Measurement  

The total anthocyanin content were estimated according to the spectrophotometric pH 

differential method (Gabriela et al., 2010; Lee et al., 2005). Sample were diluted 

separately with 0.025 M potassium chloride buffer (pH 1) and 0.4 M sodium acetate 

buffer (pH 4.5). Absorbance of the mixture was measured at 530nm (𝜆vis – max) and 700nm 

using a UV-Vis spectrophotometer. The total anthocyanin content was calculated as 

cyaniding-3-glucoside equivalent following the equation: 

 Anthocayanin content ( 𝑚𝑔

100𝑔
) =

[𝐴 ×𝑀𝑊 ×𝐷𝐹 ×𝑉 ×100]

𝜀 ×𝑙 ×𝑚
 

Where, 

A is the absorbance, calculated as A= [(A511 – A700) pH 1.0 – (A511- A700) pH 4.5].MW is 

the molecular weight of 449.2 g/mol of cyaniding-3-glucoside. 

DF is the dilution factor 

V is solvent value (ml) that was brought sample stock solution 

ɛ is the molar absorptivity (26900) 

l is the cell path length (1 cm). 
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m is the sample weight (g). 

 

3.6.4 Effect of Light/ Dark Cycle on the Anthocyanin Production (Photoperiod) 

Plant organs (leaf, stem, and node) sectioned into small pieces were utilized as the 

explants to examine the effects of light on coloured callus production. The explants were 

cultured on the optimum medium (MS medium supplemented with 2.0 mg/l 2,4-D added 

with 0.5 mg/l myo-inositol) and maintained in the culture room under different light 

treatments (photoperiod) which are: 

i) 0 hour light and 24 hours dark (dark) 

ii)  12 hours light and 12 hours dark  

iii) 16 hours light and 8 hours dark 

iv) 24 hours light 0 hour dark  

 

3.6.5 Estimation of Total Phenolic Content 

The total phenolic content were estimated using Folin-Ciocalteu method. The 

procedure was performed according to Lachman et al. (2000). Samples (100 µL) were 

mixed with 2 ml of Na2CO3. After 2 min, 100 µL of Folin-Ciocalteu reagent was added 

to the mixture. The resulting mixture was incubated for 30 min at room temperature then 

absorbance was read spectrophotometrically at 743 nm against a blank. Total phenolic 

was expressed as gram of gallic acid equivalent per 100 gram of dry weight (g 100g-1DW) 

of the plant samples. 

3.6.6 Estimation of Flavonoid Content 

An aliquot of 0.5ml of sample (1mg/mL) was mixed with 0.1ml of 10% aluminium 

chloride and 0.1% of potassium acetate (1M). 4.3ml of 80 % methanol was added into the 

mixture to make 5ml volume. Mixture was vortexed. Absorbance was measured 
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spectrophotometrically at 415nm. The value of optical density was used to calculate the 

total flavonoid content in the sample. 

 

3.7 Antimicrobial Potential in Dioscorea alata L. In vivo and In vitro Samples 

3.7.1 Preparation of Plant Extract 

For ethanolic extracts, about 5.0 g fresh in vivo grown tuber and in vitro leaves and 

callus samples of Dioscorea alata were weighed out. The samples were then crashed in 

a mortar. A 20 ml volume of aqueous ethanol 95% was added and the samples were 

homogenized and centrifuged at 5000 rpm for 15 min. Supernatant was collected and used 

for antimicrobial test. For water extract, same step was repeated but ethanol was replaced 

with distilled water. 

 

3.7.2 Preparation of the Microbe 

 Eight different microbial species were used to screen the possible antimicrobial 

activity of Dioscorea alata from in vivo and in vitro samples, alcoholic extract. Four 

bacteria, Staphylococcus aureus, Staphylococcus epidermis, Escherichia coli and 

Salmonella sp. were tested for antibacterial. Four different fungi which are Penicillium 

sp., Aspergilus niger, Fusarium sp. and Mucor sp. were tested for antifungal. 

 

3.7.3 Preparation of the Media 

3.7.3.1 Preparation of Media for Bacterial culture 

Nutrient Broth (NB) was used to inoculate the bacteria and Nutrient agar (NA) media 

was used to culture bacteria. Nutrient Broth ‘E’ from LAB, United Kingdom was prepared 

by dispersed 13 g of NB in 1 litre distilled water. NA was prepared by diluting NA powder 

in distilled water. 23 g Difco TM NA powder from Difco Laboratories, France was 

weighed out and dispersed in 1 litre of distilled water. The powder was mix thoroughly, 
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heat with frequent agitation and boil for 1 minute to completely dissolve the powder. 

After that, the media was autoclaved at a pressure of 104 kPa (15 Psi2) and temperature 

of 121ºC for 20 minutes. After the media has been autoclaved and cooled (50ºC), the 

media were dispensed into 14 cm sterile petri dishes.   

  

3.7.3.2 Preparation of Media for Fungal Culture 

Potato Dextrose Agar (PDA) media was used to culture fungi. PDA was prepared by 

diluting PDA powder in distilled water. To prepare the media, 39 g of PDA from Oxoid, 

England was weighed out and disperse in 1 litre distilled water. The media solution was 

stirred until all the PDA powder was dissolved. All the media was autoclaved at a pressure 

of 104 kPa (15 Psi2) and temperature of 121ºC for 20 minutes. After the media has been 

autoclaved and cooled (50ºC), the media were dispensed into 14 cm sterile petri dishes. 

 

3.7.4 Microbe Cultures 

3.7.4.1 Bacterial Cultures  

The antibacterial test was made using 24 hours old broth cultures (overnight cultures). 

To prepare the cultures, one loop of each bacteria was placed into 100 ml NB media, 

respectively and inoculated for 24 hours. After 24 hours, a series of dilution were done. 

1 ml of the bacteria broth was pipet into a centrifuge tube contained 9 ml saline (prepared 

by diluting sodium alginate 13g in 1 litre distilled water).  The solution was shaken for 1 

min. After that, 1 ml of this solution, was pipetted into another centrifuge tube contained 

9 ml saline. This step was repeated 7 times. Then, 10 µl of the last solution was pipetted 

onto NA media and spread using hockey stick.  
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3.7.4.2 Fungal Cultures 

To prepare the cultures, one loop of filamentous fungi was inoculated in 250 ml 

Erlenmeyer flask with 100 ml malt extract broth media (15 g malt extract and 5 g peptone 

in 1 litre distilled water) and incubated for 24 hours. After 24 hours, a series of dilution 

were done. 1 ml of the fungi broth was pipetted into a centrifuge tube containing 9 ml 

saline (prepared by diluting sodium alginate 13g in 1 litre distilled water).  The solution 

was shaken for 1 minute. After that, 1 ml of this solution, was pipeted into another 

centrifuge tube contained 9 ml saline. This step was repeated 7 times. Then, 10 µl of the 

last solution was pipetted onto PDA media and spread using hockey stick.  

 

3.7.5 Antimicrobial Test (Paper Disk Diffusion Method) 

Sterile paper disks (6.0 mm in diameter) were impregnated with 20 µl of in vivo and 

in vitro alcoholic extract. The disks were allowed to dry for 5 min. After that, three disks 

were spaced on the microbe media surface of each Petri dish. The diameter of the 

inhibition zone around the disks was measured after 48 hours incubation at 30 ºC.  

 

3. 8 Statistical Analysis 

Three replications with 30 explants in each replication were maintained for each 

treatment. Data obtained was analyzed statistically using one way ANOVA and Duncan’s 

Multiple Range Test (DMRT). The statistical analysis based on mean values per treatment 

was made using the technique of analysis of variance. The comparative LSD multiple 

range test (p=0.05) was used to determine the differences between treatments.  
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CHAPTER 4: RESULTS 

 

4.1 Regeneration of Dioscorea alata L. in vitro 

4.1.1 Effect of light on seedlings derived from tubers germination and conversion 

Light play crucial role in tuber germination and conversion. Observations were made 

after 2 months of tubers planting. Data presented in Table 4.1 showed, 100.00± 0.00 

percent of tubers were successfully germinated in all treatment. All 100% germinated 

tubers exposed under direct sunlight managed to grow with 151.00± 0.37 cm in height 

and developed healthy leaves. Tubers (100%) grown under light provided by fluorescent 

tubes managed to growth well with 50.40± 0.27 cm in height and developed into leaves. 

Ovule, narrow heart shape and green with slightly purple colour leaves were observed on 

plant grown in green house, 24.00 ± 0.30. Ovule, narrow heart shape and purple colour 

leaves were observed on plant grown under fluorescent tube light, 6.50 ± 0.27 (Figure 

4.1). However, in dark condition only 80.00±0.13 % of tubers managed to sprout and 

grow with 17.00 ± 0.26 cm in height without leaf formation. Some of the germinated bud 

became browning and black. After 6 weeks, necrosis occurred to the bud. In term of plant 

growth and height, direct sunlight is the best condition for growing Dioscorea alata.  

 

Although plants grown under direct sunlight showed positive growth to provide plenty 

of explant sources (more leaves, longer stem and many node) but plant grown in the 

laboratory under light supplied by fluorescent tubes was chosen as the explant sources for 

tissue culture work because of the sterile conditions. Plant grown in green house were 

exposed to dust and some contamination which make it difficult to sterilize the explants 

effectively during sterilization technique prior to culturing the explants in the sterile 

containers.  
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Table 4.1: Effects of light on tubers conversion of Dioscorea alata L. 

Plant 
characteristics 

Observations 
Greenhouse (Direct 

Sunlight) 
Laboratory (with an 

irradiance of 50 μmol 
m-2s-1 provided by 

Philips Lifemax TL-D 
18W cool daylight 
fluorescent tubes) 

No light (covered 
with black plastic) 

Conversion 
rate (%) 

100.00±0.00a 100.00±0.00a 100.00±0.00a 

Growth rate 
(%) 

100.00±0.00a 100.00±0.00a 80.00±0.13a 

Height (cm) 151.00±0.37a 50.40±0.27b 17.00±0.26c 

Leaves 
 
No of leaves: 
 
Shape: 
 
 
Colour: 

 
 

24.00±0.30a 

 
Ovule, narrow heart 

shape leaves. 
 

Green with slightly 
purple. 

 

 
 

6.50±0.17b 

 
Ovule, narrow heart 

shape leaves. 
 
Purple 

 
 

0.00±0.00c 

 
- 
 
- 

Stem 
 
Length (cm): 
 
Shape: 
 
 
 
 
Colour: 

 
 

151.00±0.37a 
 

Cylindrical, twining 
herbaceous vine with 
internodes square in 

cross section. 
 

Purple tinged with 
more green colour. 

 

 
 

50.40±0.27b 
 
Cylindrical,  twining 
herbaceous vine with 
internodes square in 

cross section 
 

Purple tinged with 
slightly green colour 

 
 

17.00±0.26c 
 

Cylindrical, 
twining herbaceous 

vine with 
internodes square 
in cross section 

 
Purple. 

Mean values with different letters within a column are significantly different at p=0.05, 
by one way ANOVA and Duncan’s Multiple Range Test (DMRT). 
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Figure 4.1: Tubers conversion in black soil maintained at different light conditions. ai) 
Two-week-old plantlet germinated under direct sunlight, aii) Three-month-old plantlet 
germinated under direct sunlight, bi) Two-week-old plantlet germinated under an 
irradiance of 50 μmol m-2s-1 provided by Philips Lifemax TL-D 18W cool daylight 
fluorescent tubes, bii) Three-month-old plantlet germinated under an irradiance of 50 
μmol m-2s-1 provided by Philips Lifemax TL-D 18W cool daylight fluorescent tubes ci) 
Two-week-old plantlet germinated without light and cii) Three-months-old plantlet 
germinated without light . 
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4.1.2 Identification of suitable plant growth regulators and types of explants for 

microshoots formation  

Microshoots formation from in vitro regeneration of Dioscorea alata were observed 

after 4 months in all the tested media. Table 4.2 shows the response of leaf, stem and node 

explants of Dioscorea alata when cultured on MS media supplemented with BAP and 

NAA at various combinations and concentrations. Leaf and stem explants showed 

negative response in terms of shoot formation in all treatments. No shoot formation was 

observed from leaf and stem explants. Only node explants successfully regenerated into 

shoots.  Node explants have axillary buds or lateral buds within. Each bud has the 

potential to form shoots. Enlargement and subsequent break of axillary buds was the 

initial response of node explants. The axillary bud on the node showed visible growth 

after 7 days in culture. Based on the results, node explants cultured in medium without 

plant growth regulators or MS basal, successfully produced 4.63±0.24 mean shoots after 

8 weeks in culture (Figure 4.2). The highest shoot regeneration (23.07±0.44) was 

observed from node explants cultured on MS medium supplemented with 1.0 mg/l BAP.   

  

Lower percentage of shoots was obtained from node explants cultured in MS media 

supplemented with NAA alone. Only 0.50±0.12 average number of shoot was observed 

in MS medium supplemented with 3.0 mg/l NAA. However, in MS media supplemented 

with NAA in combination with BAP significant higher number of shoots was observed. 

Of all the combination tested, MS medium supplemented with 1.0 mg/l BAP and 0.5 mg/l 

NAA showed optimal response with mean number of shoot formation 21.40±0.33. 
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Table 4.2: Mean number of microshoots formation from leaf, stem and node explant 
cultured on MS media supplemented with different concentrations and combinations of 
plant growth regulators maintained at 25±1⁰C with 16 h light and 8 h dark. Thirty 
replicates were used in each treatment. 

MS + Plant Growth 
Regulators (mg/l) 

Mean number of micro shoots per explant 
Leaf Stem  Node 

MS Basal NR NR 4.63±0.24lm  
MS+0.5 NAA NR NR 4.33±0.20lmn 

MS+1.0 NAA NR NR 2.27±0.17p 

MS+1.5 NAA NR NR 1.07±0.24qr 

MS+2.0 NAA NR NR 1.90±0.20pq 

MS+3.0 NAA NR NR 0.50±0.12r 

MS+0.5 BAP NR NR 17.27±0.36d 

MS+1.0 BAP NR NR 22. 00±0.43b 

MS+1.5 BAP NR NR 21.40±0.33b 
MS+2.0 BAP NR NR 16.83±0.42d 

MS+3.0 BAP NR NR 7.97±0.30i 

MS+0.5 NAA+0.5 BAP NR NR 13.33±0.31f 

MS+0.5 NAA+1.0 BAP NR NR 23.07±0.44a 

MS+0.5 NAA+1.5 BAP NR NR 18.30±0.34c 
MS+0.5 NAA+2.0 BAP NR NR 15.10±0.31e 

MS+0.5 NAA+3.0 BAP NR NR 11.33±0.24g 

MS+1.0 NAA+0.5BAP NR NR 2.03±0.21p 

MS+1.0 NAA+1.0 BAP NR NR 16.63±0.40d 

MS+1.0 NAA+1.5 BAP NR NR 12.53±0.27f 

MS+1.0 NAA+2.0 BAP NR NR 14.83±0.40e 

MS+1.0 NAA+3.0 BAP NR NR 18.57±0.35c 

MS+1.5 NAA+0.5BAP NR NR 3.20±0.33o 

MS+1.5 NAA+1.0BAP NR NR 6.50±0.26j 

MS+1.5 NAA+1.5BAP NR NR 10.03±0.33h 

MS+1.5 NAA+2.0BAP NR NR 9.20±0.40h 

MS+1.5 NAA+3.0BAP NR NR 8.17±0.20i 

MS+2.0 NAA+0.5BAP NR NR 3.50±0.19no 

MS+2.0 NAA+1.0BAP NR NR 4.40±0.21lmn 

MS+2.0 NAA+1.5BAP NR NR 3.67±0.22mno 

MS+2.0 NAA+2.0BAP NR NR 4.97±0.30kl 

MS+2.0 NAA+3.0BAP NR NR 5.57±0.30k 

MS+3.0 NAA+0.5BAP NR NR 4.37±0.33lmn 

MS+3.0 NAA+1.0BAP NR NR 4.50±0.32lm 

MS+3.0 NAA+1.5BAP NR NR 3.80±0.30mno 

MS+3.0 NAA+2.0BAP NR NR 3.93±0.26mno 

MS+3.0 NAA+3.0BAP NR NR 4.63±0.26lm 

Mean values with different letters within a column are significantly different at p=0.05, by one way 
ANOVA and Duncan’s Multiple Range Test (DMRT). Nr=no response. 
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4.1.3 Identification of suitable plant growth regulators and types of explants for root 

formation 

The well-developed elongated shoots were detached from the shoots clump and 

transferred to rooting induction media.  Table 4.3 shows the response and development 

of rooting of Dioscorea alata shoots when subcultured in root induction media. From the 

results, explants successfully produced roots in all the media tested. High number of roots, 

6.63±0.61 were obtained from explants cultured in MS medium without plant growth 

regulators. Explant cultured in MS media supplemented with BAP at all concentrations 

produced low number of roots compared to control. The lowest root formation, 1.57±0.21 

was observed when shoots were cultured on MS medium supplemented with 2.0 mg/l 

BAP. However, rooting was better in the culture media which had combination of BAP 

and NAA. Higher number of root formation (17.27±0.61) was observed in MS medium 

supplemented with 2.0 mg/l NAA and 0.5 mg/l BAP. MS medium supplemented with 2.0 

mg/l NAA is the most suitable medium for root formation (Figure 4.2) which gave 

17.40±0.58 number of roots formation.  
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Table 4.3: Mean number of root formation from explant of Dioscorea alata L. cultured 
on MS media supplemented with different concentrations and combinations of plant 
growth regulators maintained at 25±1⁰C with 16 h light and 8 h dark. Thirty replicates 
were used in each treatment. 

MS + Plant Growth Regulators 
(mg/l) 

No of root per 
explant (mean ± SE) 

MS Basal 6.63±0.61g 

MS+0.5 NAA 9.43±0.45g 

MS+1.0 NAA 11.77±0.37 
MS+1.5 NAA 12.87±0.45cde 

MS+2.0 NAA 17.40±0.58a 

MS+0.5 BAP 3.17±0.32ij 

MS+1.0 BAP 3.13±0.38ij 

MS+1.5 BAP 2.60±0.32j 

MS+2.0 BAP 1.57±0.21j 

MS+0.5 NAA+0.5 BAP 6.47±0.47g 

MS+0.5 NAA+1.0 BAP 5.87±0.49gh 

MS+0.5 NAA+1.5 BAP 4.63±0.49hi 
MS+0.5 NAA+2.0 BAP 4.33±0.46hi 

MS+1.0 NAA+0.5BAP 11.13±0.51cdef 

MS+1.0 NAA+1.0 BAP 10.30±0.51ef 

MS+1.0 NAA+1.5 BAP 10.27±0.56ef 

MS+1.0 NAA+2.0 BAP 11.03±0.71def 

MS+1.5 NAA+0.5BAP 12.60±0.56cd 

MS+1.5 NAA+1.0BAP 10.83±0.68def 

MS+1.5 NAA+1.5BAP 11.20±0.60cdef 

MS+1.5 NAA+2.0BAP 10.87±0.51def 

MS+2.0 NAA+0.5BAP 17.27±0.61a 

MS+2.0 NAA+1.0BAP 15.20±0.61b 

MS+2.0 NAA+1.5BAP 12.13±1.03cd 

MS+2.0 NAA+2.0BAP 12.20±0.91cd 

Mean values with different letters within a column are significantly different at p=0.05, by one way 
ANOVA and Duncan’s Multiple Range Test (DMRT).  
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Figure 4.2: a) Microshoots formation in MS medium supplemented with 1.0 
mg/l BAP, b) Microshoots formation in MS medium supplemented with 1.0 
mg/l BAP and 0.5 mg/l NAA, c) Roots formation in MS medium 
supplemented with 2.0 mg/l NAA and d) Roots formation in MS medium 
supplemented with 2.0 mg/l NAA and 0.5 mg/l BAP. 
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Figure 4.3: Four-months-old complete plantlet with leaf and roots 
obtained in MS medium supplemented with 1.0 mg/l BAP and 0.5 mg/l 
NAA.  
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4.1.4 Identification of suitable plant growth regulators for microtubers formation 

Microtubers were formed on complete plantlets after 6 months in culture. In all cases 

where microtuberization occurred in Dioscorea alata cultures during the current study, 

microtubers were produced predominantly at basal nodal position on plantlets below 

culture media. Only after 8 to 10 months did microtubers occasionally developed at nodal 

positions above culture media. In general, microtubers were rough in surface texture and 

irregular in shape. 

 

 Microtubers induction (percentage of plantlets with microtubers) were influenced by 

plant growth regulators. Role of cytokinins were observed individually or in combinations 

with auxin (Table 4.4). Higher percentage of microtubers were observed on MS media 

supplemented with BAP compared to MS media supplemented with Kin at the same 

concentration. At concentration of 1.0 mg/l, 60% plantlets produced microtubers in MS 

media supplemented with BAP while 40% percent in MS media supplemented with Kin. 

The highest percentage of microtubers formation 76.67±0.08 was observed on MS 

medium supplemented with 1.0 mg/l BAP and 1.0 mg/l NAA.  

 

Data presented in Table 4.4 indicated that MS media supplemented with BAP, was the 

best media for microtubers formation with highest mean number of microtubers, 

10.77±0.28. Additional NAA at concentration of 0.5 mg/l and 1.0 mg/l into MS medium 

supplemented with 1.0 mg/l BAP produced more microtubers compared to MS medium 

supplemented with 1.0mg/l BAP alone. MS media supplemented with Kin have less 

number of microtubers formation compared to control.  

 

Microtubers development (average fresh weight and average length of microtuber) 

were influence by plant growth regulators. Microtubers produced in MS media 

Univ
ers

ity
 of

 M
ala

ya



65 
 

supplemented with BAP were bigger and longer compared to microtubers produced in 

MS media supplemented with Kin. The largest microtubers produced was observed in 

MS medium supplemented with 1.0 mg/l BAP and 1.0 mg/l NAA with average length of 

10.00±0.45 mm and average weight of 398±0.03 mg (Figure 4.4). 

 

 

Table 4.4: Microtubers formation from plantlets of Dioscorea alata L. cultured on MS 
media supplemented with various combinations and concentrations of plant growth 
regulators maintained at 25±1⁰C with 16 h light and 8 h dark. Thirty replicates were used 
for each treatment. 

 
MS + Plant Growth 
Regulators (mg/l) 

Plantlets 
produced 

microtubers 
(%) 

No. of 
microtubers 
per plantlet 

Averange 
length of 

microtubers 
(mm) 

Averange 
weight of 

microtubers 
(mg) 

MS Basal 40.00±0.09bc 7.17 ±0.21e 7.00±0.28de 143±0.01e 

MS+1.0 BAP 60.00±0.09ab 10.28±0.21c 9.83±0.22ab 219±0.01cd 

MS+1.5 BAP 43.33±0.09bc 8.00±0.23d 7.23±0.26de 139±0.01e 

MS+2.0 BAP 30.00±0.09c 10.77±0.28c 8.11±0.26cd 230±0.01c 

MS+1.0 Kin 40.00±0.09bc 6.61±0.39f 7.08±0.23de 160±0.01de 

MS+1.5 Kin 40.00±0.09bc 6.08±0.26f 7.08±0.26de 148±0.01e 

MS+2.0 Kin 23.33±0.08c 3.71±0.36g 6.57±0.20e 193±0.02cde 

MS+1.0 BAP+0.5 NAA 63.33±0.09ab 12.37±0.26b 8.74±0.44bc 326±0.01b 

MS+1.0 BAP+1.0 NAA 76.67±0.08a 15.57±0.18a 10.00±0.45a 398±0.03a 

Mean values with different letters within a column are significantly different at p=0.05, by one way 
ANOVA and Duncan’s Multiple Range Test (DMRT).  
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Figure 4.4: Microtubers formation on plantlets cultured on MS medium supplemented 
with 1.0 mg/l NAA and 1.0 mg/l BAP, a) and b) Microtubers from basal nodal position 
and c) and d) Microtubers from nodal position above culture media. 
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4.1.5 Identification of suitable plant growth regulators for microtubers conversion  

Table 4.5 shows the response of microtubers as explants when cultured on MS media 

supplemented with BAP and NAA at various concentrations. Observations were made on 

the percentage of microtubers germinated, number of micro shoots per plantlet and 

number of roots per plantlet. Based on the results obtained in Table 4.5, more than 50 

percent microtubers managed to germinate in all the media tested. 66.67±0.09 percent 

microtubers germinated in MS basal media. The highest percentage of microtubers 

germinated, 80.00±0.07 % was observed in  MS medium supplemented with 2.0 mg/l  

NAA; MS medium supplemented with 1.0 mg/l BAP and 0.5 mg/l NAA; MS medium 

supplemented with 1.0 mg/l BAP and 1.0 mg/l NAA and MS medium supplemented with 

1.0 mg/l BAP and 2.0 mg/l NAA. 

 

Microtubers explants were successfully germinated and produced shoots (Figure 4.5) 

in all the 16 media tested. From the Table 4.5, 4.70 ±0.18 number of shoots were observed 

from microtubers cultured on MS basal medium (control). Microtubers cultured on MS 

media fortified with BAP produced higher number of shoots and microtubers cultured on 

MS media fortified with NAA produced lower number of shoots compared to control. 

The highest number of shoots produced, 12.30±0.40 was observed in MS medium 

supplemented with 1.0 mg/l BAP and 0.5 mg/l NAA. Cultured microtubers also produced 

roots in all the media tested. The highest root formation (7.04±0.13) was observed when 

microtubers were cultured on MS medium supplemented with 2.0 mg/l NAA. Higher 

number of roots was observed in MS media fortified with NAA compared to control and 

MS media supplemented with BAP alone. 
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Table 4.5: Mean number of microshoots and root formation from microtubers of 
Dioscorea alata L. cultured on MS media supplemented with different concentrations 
and combinations of plant growth regulators maintained at 25±1⁰C with 16 h light and 8 
h dark. Thirty replicates were used for each treatment. 

MS + Plant Growth 
Regulators (mg/l) 

 (%) of 
microtubers 
conversion 

No. of 
microshoot 
per plantlet 

No. of root 
per plantlet 

MS Basal 66.67±0.09a 4.70 ±0.18h 1.70±0.11hi 

MS + 0.5 mg/l BAP 73.33±0.08a 8.27±0.25ef 2.14±0.20h 

MS+1.0 mg/l BAP 73.33±0.08a 11.45±0.30b 1.59±0.13i 

MS+1.5 mg/l BAP 73.33±0.08a 9.55±0.13d 1.86±0.17hi 

MS+2.0 mg/l BAP 73.33±0.08a 8.82±0.16e 2.05±0.15hi 

MS+0.5 mg/l NAA 66.67±0.09a 4.60 ±0.11h 4.45±0.11f 

MS+1.0 mg/l NAA 66.67±0.09a 3.45±0.11i 5.40±0.11cd 

MS+1.5 mg/l NAA 76.67±0.08a 3.48±0.16i 5.87±0.14bc 

MS+2.0 mg/l NAA 80.00±0.07a 2.63±0.10j 7.04±0.13a 

MS + 1.0 mg/l BAP + 
0.5 mg/l NAA 

80.00±0.07a 12.30±0.40a 4.71±0.16ef 

MS + 1.0 mg/l BAP + 
1.0 mg/l NAA 

80.00±0.07a 12.13±0.23a 4.96±0.19de 

MS + 1.0 mg/l BAP + 
1.5 mg/l NAA 

73.33±0.08a 10.91±0.17b 5.41±0.11cd 

MS + 1.0 mg/l BAP + 
2.0 mg/l NAA 

80.00±0.07a 10.21±0.15c 7.00±0.16a 

MS+2.0 mg/l NAA +0.5 
mg/l BAP 

76.67±0.08a 6.52±0.14g 4.00±0.18g 

MS+2.0 mg/l NAA +1.5 
mg/l BAP 

73.33±0.08a 8.60±0.14e 6.05±0.20b 

MS+2.0 mg/l NAA +2.0 
mg/l BAP 

76.67±0.08a 7.83±0.17f 4.48±0.23f 

Mean values with different letters within a column are significantly different at p=0.05, by one 
way ANOVA and Duncan’s Multiple Range Test (DMRT).  
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Figure 4.5: a) Microtubers formation on plantlet cultured on MS medium 
supplemented with 1.0 mg/l NAA and 1.0 mg/l BAP, b) Microtubers harvested from 
complete plantlet, c) Conversion of microtuber after 1 month in culture and d) 
Complete plantlet with shoots and roots regenerated from microtubers. 
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4.2 Coloured callus induction from various explants of Dioscorea alata L. 

Callus induction from leaf, stem and node explants of Dioscorea alata L. had been 

successfully achieved. Callus initiation was observed from the cut edges of the explants 

then callus extension to progressively cover the whole explants. Callus with nodular, 

friable, soft, wet looking surface and purplish white in colour was obtained from all types 

of explants used. Soft fine purplish white callus was observed from explants cultured on 

MS media supplemented with Kin. 

 

Callus formation from leaf explant was detected after 4 weeks of culture on the callus 

induction media. Callus induction occurred from explant wounding and the callus 

proliferation was fast. After 3 months the whole surface of explant was covered with 

purple coloured callus (Figure 4.6). From observation, leaf explant managed to produce 

callus in all media tested except control. The lowest frequency (16.67±0.07) of explant 

produced callus was observed on MS medium supplemented with 2.0 mg/l Kin (Table 

4.6). From all the media tested, MS medium supplemented with 2.0 mg/l 2,4-D and 1.0 

mg/l BAP was the best medium for callus formation. The leaf explant gave 93.33±0.05 

percent callus formation (Table 4.6).  

 

The initiation of callus formation from stem (internode) explant was observed after 5 

weeks of culture on the callus induction media. The callus formation was observed 

starting from cut edge of the explant (Figure 4.7) and within 3 months, the whole explants 

were covered with purple coloured callus. Table 4.7 shows the results obtained for callus 

induction from stem explant. The results revealed that stem explants successfully 

produced callus in all media tested except for control medium. The lowest percentage of 

explant produced callus, (10.00±0.06) was observed in MS medium supplemented with 
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2.0 mg/l Kin, while the highest percentage of explant produced callus (96.67±0.00) was 

obtained in MS medium supplemented with 2.0 mg/l 2,4-D and 1.0 mg/l BAP (Table 4.7).  

 

Initiation of callus from node explant was observed after 2 weeks of the culture when 

the lateral buds of the node segment swelled and formed callus (Figure 4.8). A small 

clump of purple whitish undifferentiated cells could be observed.  After 3 months, the 

callus proliferated 3 to 4 fold in dimension (Figure 4.9). Formation of callus from node 

explant was detected in all media tested except for control which gave low percentage of 

callus formation, only 20.00±0.07 % (Table 4.8). Higher percentage of explant produced 

callus, (96.67±0.03 %) was observed in MS medium supplemented with 2.0 mg/l 2,4-D 

and 1.0 mg/l BAP (Table 4.8). 

 

MS either solid or liquid media also influence the frequency of explant produced callus 

in Dioscorea alata. The highest explant with callus formation was observed in MS liquid 

media.  All (100.00±0.00 %) of the cultured explants (leaves, nodes and stems) managed 

to produce callus (Table 4.9). Activated charcoal added to the media reduced the 

percentage of callus formation. For leaf explant, MS media supplemented with 2.0 mg/l 

2,4-D and 1.0 mg/l BAP was the best media for callus formation with 93.33±0.05 % 

explants produced callus. However, in the same media with additional of 0.1 mg/l 

activated charcoal, only 10.00±0.06 % of leaf explant managed to produce callus (Table 

4.10). Explants producing callus was decreased to 80 % was observed in all the media 

tested with all types of explant used. 

 

Myo-inositol is mostly applied in the media as it is believed to enhance the plant 

regeneration, although the basis for its requirement is unknown. Table 4.11 shows the 

effect of additional myo-inositol in the culture media in terms of the percentage of 
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explants producing coloured callus. Leaf, stem and node explants successfully produced 

callus in all media tested. For leaf and stem explants, the percentage of explants produced 

callus were the same in control and in callus induction media supplemented with 0.1 mg/l 

myo-inositol or 0.5 mg/l myo-inositol. The results indicated that supplementary myo-

inositol did not affect much on the percentage of explants producing callus for leaf and 

stem explants. However, early initiation of callus was observed as the explants were 

cultured on the media added with myo-inositol and the callus grown vigorously. For node 

explant, additional of 0.1 mg/l myo-inositol in the callus induction media gave the same 

result as control (90.00±0.06 %). Nevertheless, additional of 0.5 mg/l myo-inositol 

managed to increase the percentage of explant producing callus to 96.67±0.05 % in MS 

medium supplemented with 2.0 mg/l 2,4-D and 93.33±0.05 % in MS medium 

supplemented with 2.0 mg/l NAA. 

 

Light has been utilized to improve the efficiency of tissue culture system for many 

plant species. Determination of the sensitivity of explants produce callus to light quality 

and quantity may result in better utilization of the light environment as a regulator in 

coloured callus production. In this study, percentage of callus formation was found to be 

independent from the various time of light exposure. Explants managed to produce callus 

in all treatments (Table 4.12), no significant difference observed on average callus 

formation frequency but explant cultured under light condition gave slightly larger 

average size in callus than those cultured under dark condition. Nevertheless, four 

different colours of callus was observed when explants exposed to four different 

photoperiods (Figure 4.10). 
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Table 4.6: Callus induction from leaf explants of Dioscorea alata L. cultured on MS 
supplemented with various concentrations of plant growth regulators maintained at 25±1 
ºC under 16 hours light and 8 hours dark. Thirty replicates were used in each treatment. 
Data were recorded after 3 months of culture. 
 

MS + Plant Growth 

Regulators (mg/l) 

 

Percentage of leaf 

explant produced 

callus 

(mean ± SE) 

Observations 

MS Basal 0.00±0.00f No callus formation was observed. 

MS+0.5 2,4-D 60.00±0.09de Explant swollen and red purplish 
caloured callus was observed. 

MS+1.0 2,4-D 66.67±0.09cd Explant swollen and red purplish 
caloured callus was observed. 

MS+1.5 2,4-D 83.33±0.07ab Explant swollen and red purplish 
caloured callus was observed. 

MS+2.0 2,4-D 93.33±0.05a Explant swollen and red purplish 
caloured callus was observed. 

MS+0.5 NAA 46.67±0.09de Explant swollen and red purplish 
caloured callus was observed. 

MS+1.0 NAA 56.67±0.09de Explant swollen and red purplish 
caloured callus was observed. 

MS+1.5 NAA 73.33±0.08bc Explant swollen and red purplish 
caloured callus was observed 

MS+2.0 NAA 90.00±0.06a Explant swollen and red purplish 
caloured callus was observed 

MS+0.5 KIN 23.33±0.08f Explant swollen and soft fine 
purplish caloured callus was 
observed. 

MS+1.0 KIN 43.33±0.09e Explant swollen and soft fine 
purplish caloured callus was 
observed. 

MS+1.5 KIN 50.00±0.09de Explant swollen and soft fine 
purplish caloured callus was 
observed. 

MS+2.0 KIN 16.67±0.07f Explant swollen and soft fine 
purplish caloured callus was 
observed. 

MS+2.0 2,4-D+1.0 BAP 93.33±0.05a Explant swollen and red purplish 
caloured callus was observed 

MS+2.0NAA +1.0 BAP 83.33±0.07ab Explant swollen and red purplish 
caloured callus was observed 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
 
 
 
 
 
 

Univ
ers

ity
 of

 M
ala

ya



74 
 

Table 4.7: Callus induction from stem explants of Dioscorea alata L. cultured on MS 
supplemented with various concentrations of plant growth regulators maintained at 25±1 
ºC under 16 hours light and 8 hours dark. Thirty replicates were used in each treatment. 
Data were recorded after 3 months of culture. 
 

MS + Plant Growth 

Regulators (mg/l) 

 

Percentage of stem 

explant produced 

callus 

(mean ± SE) 

Observations 

MS Basal 0.00±0.00f Explant swollen and red purplish 
caloured callus was observed. 

MS+0.5 2,4-D 63.33±0.09de Explant swollen and red purplish 
caloured callus was observed. 

MS+1.0 2,4-D 73.33±0.08bcd Explant swollen and red purplish 
caloured callus was observed. 

MS+1.5 2,4-D 93.33±0.05ab Explant swollen and red purplish 
caloured callus was observed 

MS+2.0 2,4-D 93.33±0.05ab Explant swollen and red purplish 
caloured callus was observed. 

MS+0.5 NAA 56.67±0.09de Explant swollen and red purplish 
caloured callus was observed. 

MS+1.0 NAA 63.33±0.09 de Explant swollen and red purplish 
caloured callus was observed. 

MS+1.5 NAA 83.33±0.07bc Explant swollen and red purplish 
caloured callus was observed. 

MS+2.0 NAA 86.67±0.06ab Explant swollen and red purplish 
caloured callus was observed. 

MS+0.5 KIN 20.00±0.07f Explant swollen and soft fine 
purplish caloured callus was 
observed. 

MS+1.0 KIN 43.33±0.09e Explant swollen and soft fine 
purplish caloured callus was 
observed. 

MS+1.5 KIN 46.67±0.09e Explant swollen and soft fine 
purplish caloured callus was 
observed. 

MS+2.0 KIN 10.00±0.06f Explant swollen and soft fine 
purplish caloured callus was 
observed. 

MS+2.0 2,4-D+1.0 

BAP 

96.67±0.03a Explant swollen and red purplish 
caloured callus was observed. 

MS+2.0 NAA+1.0 

BAP 

83.33±0.07abc Explant swollen and red purplish 
caloured callus was observed. 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
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Table 4.8: Callus induction from node explants of Dioscorea alata L. cultured on MS 
supplemented with various concentrations of plant growth regulators maintained at 25±1 
ºC under 16 hours light and 8 hours dark. Thirty replicates were used in each treatment. 
Data were recorded after 3 months of culture. 
 

MS + Plant Growth 
Regulators (mg/l) 

 

Percentage of node 
explant produced 

callus 
(mean ± SE) 

Observations 

MS Basal 0.00±0.00g Red purplish caloured callus was 
observed. 

MS+0.5 2,4-D 60.00±0.09cd Red purplish caloured callus was 
observed. 

MS+1.0 2,4-D 76.67±0.08abc Red purplish caloured callus was 
observed. 

MS+1.5 2,4-D 90.00±0.06a Red purplish caloured callus was 
observed. 

MS+2.0 2,4-D 90.00±0.06a Red purplish caloured callus was 
observed. 

MS+0.5 NAA 40.00±0.09ef Red purplish caloured callus was 
observed. 

MS+1.0 NAA 66.67±0.09bc Red purplish caloured callus was 
observed. 

MS+1.5 NAA 83.33±0.07ab Red purplish caloured callus was 
observed. 

MS+2.0 NAA 90.00±0.09a Red purplish caloured callus was 
observed. 

MS+0.5 KIN 23.33±0.08f Red purplish caloured callus was 
observed. 

MS+1.0 KIN 43.33±0.09de Red purplish caloured callus was 
observed. 

MS+1.5 KIN 40.00±0.09ef Red purplish caloured callus was 
observed. 

MS+2.0 KIN 20.00±0.07g  Red purplish caloured callus was 
observed. 

MS+2.02,4-D+1.0BAP 96.67±0.03a Red purplish caloured callus was 
observed. 

MS+2.0NAA+1.0 BAP 86.67±0.06ab Red purplish caloured callus was 
observed. 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
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Figure 4.6: Callus derived from leaf explant cultured on MS medium 
supplemented with 2.0 mg/l 2,4-D and 1.0 mg/l BAP. Bars = 1 mm. 

 

 
 

Figure 4.7: Callus derived from stem (internode) explant cultured on MS 
medium supplemented with 2.0 mg/l 2,4-D and 1.0 mg/l BAP. Bars = 1 mm. 
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Figure 4.8: Swollen of lateral bud in node explant cultured on MS medium 
supplemented with 2.0 mg/l 2,4-D and 1.0 mg/l BAP. Bars = 1 mm. 

 

 

Figure 4.9: Callus derived from node explant cultured on MS medium 
supplemented with 2.0 mg/l 2,4-D and 1.0 mg/l BAP. Bars = 1 mm. 
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Table 4.9: Callus induction from various explants of Dioscorea alata L cultured on solid 
and liquid MS media supplemented with 2.0 mg/l 2,4-D added with 0.5 g/l Myo-inositol 
maintained at 25±1⁰C with 16 hours light and 8 hours dark. Thirty replicates were used 
in each treatment. Data were recorded after 3 months of culture. 
 
Explant Percentage of explant produced 

callus 
(mean ± SE) 

Observations 

Solid Media Liquid media 
Leaf 83.33±0.07b 

 
100.00±0.00a Solid: Explant become swollen and 

purple friable callus formed. 
Liquid: Explant become swollen 10 
times. Purple, friable, and soft 
(watery) callus was formed. 

Stem  83.33±0.07b 
 

100.00±0.00a Solid: Explant become swollen and 
purple friable callus formed. 
Liquid: Explant become swollen. 
Purple, friable, and soft (watery) 
callus was formed. 

Node 86.67±0.06b 100.00±0.00a Solid: Explant become swollen and 
purple friable callus formed. 
Liquid: Explant become swollen 2 
times. Purple, friable, and soft 
(watery) callus was formed. 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
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Table 4.10: Effects of activated charcoal on callus induction from various explants of 
Dioscorea alata L. cultured on MS media supplemented with various concentrations of 
plant growth regulators maintained at 25±1 ºC under 16 hours light and 8 hours dark. 
Thirty replicates were used in each treatment. Data were recorded after 3 months of 
culture. 
 
Explant Percentage of explant produced callus 

(mean ± SE) 
Media - charcoal + Charcoal  

Leaf  MS + 2.0 mg/l 2,4-D 
 MS +2.0 mg/l 2,4-D +1.0 mg/l BAP 
MS + 2.0 mg/l NAA  
MS + 2.0 mg/l NAA + 1.0 mg/l BAP 
MS + 1.0 mg/l TDZ 
MS + 2.0 mg/l TDZ 

93.33±0.05* 
93.33±0.05* 
90.00±0.06* 
83.33±0.07* 
90.00±0.06* 
90.00±0.06* 

 
 

06.67±0.05* 
10.00±0.06* 
13.33±0.06* 
06.67±0.05* 
03.33±0.03* 
10.00±0.06* 

 

Stem MS + 2.0 mg/l 2,4-D  
MS + 2.0 mg/l 2,4-D + 1.0 mg/l BAP 
MS + 2.0 mg/l NAA  
MS + 2.0 mg/l NAA + 1.0 mg/l BAP 
MS + 1.0 mg/l TDZ 
MS + 2.0 mg/l TDZ 
 

93.33±0.05* 
96.67±0.03* 
90.00±0.06* 
83.33±0.07* 
83.33±0.07* 
86.67±0.03* 

 

10.00±0.06* 
10.00±0.06* 
13.33±0.06* 
06.67±0.05* 
03.33±0.03* 
10.00±0.06* 

 

Node MS + 2.0 mg/l 2,4-D  
MS + 2.0 mg/l 2,4-D + 1.0 mg/l BAP 
MS + 2.0 mg/l NAA  
MS + 2.0 mg/l NAA + 1.0 mg/l BAP 
MS + 1.0 mg/l TDZ 
MS + 2.0 mg/l TDZ 
 

90.00±0.06* 
96.67±0.03* 
90.00±0.06* 
86.67±0.06* 
86.67±0.06* 
86.67±0.06* 

 

10.00±0.06* 
13.33±0.06* 
16.67±0.07* 
10.00±0.06* 
03.33±0.03* 
10.00±0.06* 

*Significant difference at p=0.05 (Independent Samples T-test). 
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Table 4.11: Effects of myo-inositol on callus induction from various explants of 
Dioscorea alata L. cultured on MS medium supplemented with 2.0 mg/l 2,4-D and MS 
medium supplemented with 2.0 mg/l NAA maintained at 25±1⁰C with 16 hours light and 
8 hours dark. Thirty replicates were used for each treatment. Data were recorded after 3 
months of culture. 
 
 
Explant Media Percentage of explant produced callus 

(mean ± SE) 
- Myo-inositol 

(control) 
+ Myo inositol 

0.1 mg/l 0.5 mg/l 
Leaf  MS + 2.0 mg/l 2,4-

D  
MS + 2.0 mg/l NAA  

93.33±0.05a  
90.00±0.06a 

93.33±0.05a  
90.00±0.06a 

93.33±0.05a 

90.00±0.06a 

Stem MS + 2.0 mg/l 2,4-
D  
MS + 2.0 mg/l NAA 

93.33±0.05ab  
90.00±0.06a 

93.33±0.05a  
90.00±0.06a 

93.33±0.05a 

90.00±0.06a 

Node MS + 2.0 mg/l 2,4-
D  
MS + 2.0 mg/l NAA 

90.00±0.06a 

90.00±0.06a 
90.00±0.06a 

90.00±0.06a 
96.67±0.05a 

93.33±0.05a 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
 
 
 
Table 4.12: Callus induction from various explants of Dioscorea alata L. cultured on MS 
medium supplemented with 2.0 mg/l 2,4-D and added with 0.5 mg/l myo-inositol 
maintained under different photoperiod. 
 
Photoperiod/Light 
exposure 

Explant  
 

Percentage of 
explant produced 

callus 
(mean ± SE) 

Observations 

24 Light /0 Dark Leaf 
Stem 
Node  

86.67±0.06ab 
86.67±0.06ab 
90.00±0.06a 

 

Explant swollen and dark 
purple caloured callus 
was observed after 8 days 
in cultured. 

16 Light /8 Dark Leaf 
Stem 
Node    
 

86.67±0.06ab 
86.67±0.06ab 
90.00±0.06a 

 

Explant swollen and 
purple caloured callus 
formed after 8 days in 
cultured. 

12 Light /12 Dark Leaf 
Stem 
Node 

83.33±0.07ab 
83.33±0.07ab 
86.67±0.06ab 

Explant swollen and red 
purplish caloured callus 
was observed after 10 
days in cultured. 

0 Light /24 Dark Leaf 
Stem 
Node 

86.67±0.06ab 
90.00±0.06a 
93.33±0.07ab  

 

Explant swollen and 
crystal white purplish 
formed after 14 days in 
cultured. 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
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Figure 4.10: Different colours of callus produced from explants cultured on MS medium 
supplemented with 2 mg/l 2,4-D. a) whitish purple caloured callus observed in the dark b) 
purple coloured callus observed under 8 hours light, c) red purplish coloured callus 
observed under 16 hours light and d) dark purple coloured callus observed under 24 hours 
light. 

 

 

 

 

 

 

d) 

b) 

c) 

a) 
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4.3 Somatic embryogenesis and indirect regeneration of Dioscorea alata L. 

4.3.1 Induction of embryogenic callus 

After 2 weeks in culture, node explants started to form callus around the cut edges of 

the explants. Callus obtained was purplish white, nodular, soft and watery in structure 

(Figure 4.11). Figure 4.12 shows, embryogenic callus observed under Dino-Lite USB 

Digital Microscope. Many globules or Proembryogenic masses (PEMs) were observed. 

Formation of embryogenic callus from node explants cultured in MS media supplemented 

with various concentrations of NAA and 2,4-D was presented in Table 4.13. Node 

explants successfully produced callus in all media tested except in MS medium without 

plant growth regulators. No formation of callus was observed in MS basal medium. The 

lowest percentage of explant producing callus, (40.00±0.09 %) was observed in MS 

medium supplemented with 0.5 mg/l NAA. The highest percentage of explants producing 

callus, (93.33±0.46 %) was observed on MS medium supplemented with 2.0 mg/l 2,4-D 

and 2.5 mg/l 2,4-D.   

 

Node explants cultured onto MS media supplemented with 2,4-D at all concentrations 

showed better response compared to node explants cultured onto MS media fortified with 

NAA. In all concentrations tested, higher percentage of explants producing callus were 

observed with the presence of 2,4-D. High concentration of auxin (more than 2.5 mg/l 

NAA and 2,4-D) showed lower percentage of explants which can produce callus. The 

percentage of explants produced callus (90.00±0.56 %) was observe in MS medium 

supplemented with 3.0 mg/l 2,4-D compared to 93.33±0.46 in 2.5 mg/l 2,4-D. Same 

observation was obtained in MS media supplemented with NAA. Decreasing of more 

than 3.0 percent of callusing was detected in all media tested. 
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Table 4.13: Induction of embryogenic callus from node explants cultured on MS solid 
media supplemented with different concentrations of NAA. 
 

MS + Plant 
Growth 

Regulators (mg/l) 

Callus formation 
(%) 

Callus characteristics 

MS Basal 0.00 ± 0.00e No callus formation  
0.5 mg/l NAA 40.00±0.09d Soft watery in structure and whitish 

purple in colour. 
1.0 mg/l NAA 70.00±0.09bc Soft watery in structure and whitish 

purple in colour. 
1.5 mg/l NAA 83.33±0.07ab Soft watery in structure and whitish 

purple in colour. 
2.0 mg/l NAA 90.00±0.06ab Soft watery in structure and whitish 

purple in colour. 
2.5 mg/l NAA 90.00±0.06ab Soft watery in structure and whitish 

purple in colour. 
3.0 mg/l NAA 86.67±0.03ab Soft watery in structure and whitish 

purple in colour. 
0.5 mg/l 2,4-D 60.00±0.09c Soft watery in structure and whitish 

purple in colour. 
1.0 mg/l 2,4-D 80.00±0.74ab Soft watery in structure and whitish 

purple in colour. 
1.5 mg/l 2,4-D 90.00±0.56ab Soft watery in structure and whitish 

purple in colour. 
2.0 mg/l 2,4-D 93.33±0.46a Soft watery in structure and whitish 

purple in colour. 
2.5 mg/l 2,4-D 93.33±0.46a Soft watery in structure and whitish 

purple in colour. 
3.0 mg/l 2,4-D  90.00±0.56ab Soft watery in structure and whitish 

purple in colour. 
Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA 
 

 
 

Univ
ers

ity
 of

 M
ala

ya



84 
 

 
 
Figure 4.11: Embryogenic callus derived from node explant of Dioscorea 
alata L. cultured on MS medium supplemented with 2.0 mg/l 2,4-D. 
 

 
 
Figure 4.12: Emryogenic callus derived from node explant of Dioscorea alata 
L. observed under Dino-light microscope 
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4.3.2 Identification of embryogenic callus 

Callus obtained from node explants were than identified whether embryogenic or non 

embryogenic in nature using double staining method and observed under light 

microscope. Embryogenic callus cells were stained red with acetocarmine (Figure 4.13a 

and 4.13b) and non-embryogenic callus cells were stained blue with Evan’s blue (Figure 

4.13c).  

 

     

 

Figure 4.13: a) Embryogenic callus cells stained red with acetocarmine, b) Large nuclei 
of embryogenic callus, c) Non-embryogenic callus cells stained blue with Evan’s blue. 
Observed under a light microscope. Magnification 50X. 
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c) 
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4.3.3 Somatic embryo development  

In order to enhance the formation and production of mature development stages of 

somatic embryos, embryogenic callus (Figure 4.11) was transferred or subcultured onto 

somatic embryo induction media consist of MS solid and liquid media supplemented with  

different combinations and concentrations of BAP, NAA and 2,4-D. The mean number 

of somatic embryos formation in solid and liquid media were presented in Table 4.14. 

Embryogenic callus after being transferred to MS plant growth regulators free medium 

and MS supplemented with only BAP did not produced any somatic embryo. Browning 

of embryogenic callus was detected and after some time in culture, the callus became 

necrotic and death of tissues was observed. However, on the media supplemented with 

BAP in combination with 2,4-D, smooth round purplish structure with a diameter 3 to 5 

mm occurred on the surface of embryogenic callus within 3 months. Figure 4.14 and 4.15 

showed somatic embryo observed on MS medium supplemented with 1.0 mg/l BAP and 

2.0 mg/l 2,4-D.  

 

Embryogenic callus was also successfully developed into somatic embryos on MS 

supplemented with NAA and 2,4-D applied singly. The media supplemented with 2,4-D 

showed high mean number of somatic embryos formation in all media tested with the 

same concentration. For example, in media supplemented with 2.0 mg/l 2,4-D,  

22.43±0.18 mean number of somatic embryo formation in liquid media and 19.43±0.25 

mean number of somatic embryos on solid media, while in media supplemented with 2.0 

mg/l NAA, 20.10±0.43 of somatic embryo formation in liquid media and 16.57 ±0.17 on 

solid media. MS medium supplemented with 0.5 mg/l NAA was less favourable for 

somatic embryo induction. Only 9.23±0.60 somatic embryos was observed in liquid 

media and 7.00±0.511 on solid media.  
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MS media supplemented with 2,4-D in combination with BAP promoted somatic 

embryogenesis effectively compared to NAA applied singly, and 2,4-D applied singly 

(Table 1.14). The highest frequencies of somatic embryogenesis occurred on MS medium 

supplemented with 2,4-D at concentration of 2.0 mg/l combined with 1.0 mg/l BAP, 

where an average of 23.27±0.14 somatic embryos were obtained from 0.5 cm of 

embryogenic callus from liquid media and 21.13±0.27 somatic embryos were formed on 

solid media.  

 

Liquid media was the best media for formation of somatic embryos compared to solid 

media. Higher number of somatic embryos was found in liquid media compared to solid 

media in every treatment with the same concentrations of supplemented plant growth 

regulators. For example, in media supplemented with 0.5 mg/l 2,4-D, 14.10±0.15 mean 

number of somatic embryos were form in liquid media and 16.30±0.71 mean number of 

somatic embryos on solid media 

 

Somatic embryos at globular stage elongated to form scutellar and subsequently 

developed further into coleoptilar stages. The developmental stages of somatic embryo of 

Dioscorea alata was clearly observed as shown in Figure 4.16. More than one stages of 

development was observed in one culture tube.   

 

 

 

 

 

 

 

 

Univ
ers

ity
 of

 M
ala

ya



88 
 

Table 4.14: Mean number of somatic embryos of Dioscorea alata L. cultured in liquid 
and solid MS media supplemented with different concentrations and combinations of 
plant growth regulators maintained at 25±1⁰C with 16 h light and 8 h dark. Thirty 
replicates were used in each treatment. 

MS + Plant Growth Regulators (mg/l) Number of Somatic Embryo per 
Explant (1cm x 1cm callus) 

Liquid media Solid media 
1.MS media (control) 0.00±0.00l 0.00±0.00j 
2. MS + 0.5 mg/l BAP 0.00±0.00l 0.00±0.00j 
3. MS + 1.0 mg/l BAP 0.00±0.00l 0.00±0.00j 
4. MS + 1.5 mg/l BAP 0.00±0.00l 0.00±0.00j 
5. MS + 2.0 mg/l BAP 0.00±0.00l 0.00±0.00j 
6. MS + 0.5 mg/l NAA 7.00±0.511k 9.23±0.60i 
7. MS + 1.0 mg/l NAA 10.80±0.28j 12.17±0.43h 
8. MS + 1.5 mg/l NAA 14.03±0.47i 16.43±0.57g 
9. MS + 2.0 mg/l NAA 16.57 ±0.17ef  20.10±0.43de  
10.MS + 2.5 mg/l NAA 15.83±0.08h 19.93±0.43f 
11. MS + 3.0 mg/l NAA 15.20±0.17h 16.13±0.56g 
12 MS + 0.5 mg/l 2-4,D 14.10±0.15i 16.30±0.71g 
13 MS + 1.0 mg/l 2-4,D 16.03±0.15fg 19.93±0.16f 
14 MS + 1.5 mg/l 2-4,D 18.07±0.30d 20.60±0.27cde 
15 MS + 2.0 mg/l 2-4,D 19.43±0.25bc 22.43±0.18b 
16 MS + 2.5 mg/l 2-4,D 19.00±0.14c 22.40±0.18b 

17 MS + 3.0 mg/l 2-4,D 17.00±0.19e 20.80±0.22cd 

18 MS + 2.0 mg/l 2-4,D + 0.5 mg/l BAP 20.00±0.29b 20.93±0.21c 

19 MS + 2.0 mg/l 2-4,D + 1.0 mg/l BAP 21.13±0.27a 23.27±0.14a 
20 MS + 2.0 mg/l 2-4,D + 1.5 mg/l BAP 17.09±0.14d 20.47±0.23cde 

21 MS + 2.0 mg/l 2-4,D + 2.0 mg/l BAP 18.07±0.14d 20.00±0.14e 

Mean values with different letters within a column are significantly different at p=0.05, by oneway 
ANOVA and Duncan’s Multiple Range Test (DMRT).
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Figure 4.14: Somatic embryo at globular stage (after 12 weeks). 
 
 

 
 

Figure 4.15: Somatic embryo at coleoptilar stage after 13 weeks in culture. 
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Figure 4.16: Opaque-white somatic embryos developed from embryogenic 
callus after being transferred onto somatic embryo maturation media. 

 
 

4.3.4 Somatic embryos germination 

After 3 months in culture, immature embryos enlarged into scutellar and coleoptilar 

stages and subsequently developed into matured embryos with tiny leaves (Figure 4.16). 

To prompt maturation and germination of embryos, somatic embryos were transferred 

onto MS media supplemented with different concentrations of BAP and NAA. The 

embryos successfully germinated after one month being transferred. Hook type of 

conversion was observed with the formation of cotyledonary collars and tiny leaves 

emerge from the collars opening (Figure 4.17).  

 

The mean percentage of somatic embryos germination and mean number of shoots and 

roots formation were presented in Table 4.15. Somatic embryos after being transferred 

onto MS media supplemented with NAA at all concentrations (0.5- 2.0 mg/l) showed no 

embryo germination. Embryos did not develop into shoots and roots. In the present study, 
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the embryos were successfully germinated on MS medium without plant growth 

regulators (control) but with low percentage of germination, 23.33±0.08 and mean 

number of shoots formation was 7.00±0.31.  

 

High percentage of embryos germination was observed on MS media supplemented 

with BAP. The addition of BAP into the media significantly increased the percentage of 

somatic embryos germination at all concentrations (0.5- 2.0 mg/l BAP). The highest 

percentage of somatic embryos germination, (60.00±0.09 %) was observed on MS 

medium supplemented with 1.0 mg/l BAP. The second highest was observed on MS 

medium supplemented with 0.5 mg/l BAP. Somatic embryos also managed to germinate 

on MS media fortified with BAP in combination with NAA. However, lower germination 

rate was observed. The lowest percentage of embryos germination, (10.00±0.06 %) was 

observed on MS medium supplemented with 1.0 mg/l BAP and 2.0 mg/l NAA. 

 

Formation of shoots (Figure 4.17) depended on the formation of cotyledonary collars. 

When more somatic embryos developed into cotyledonary collars, more shoots formation 

were observed. Therefore, addition of BAP into the germination media did not only 

increase the percentage of embryos germination but also increased the number of 

regenerated shoots.  The highest mean number of shoots produced, 18.00±0.36 was 

obtained from somatic embryos cultured on MS medium fortified with 1.0 mg/l BAP. 

The lowest mean number of shoots formation, 3.33±0.88 was detected on MS medium 

supplemented with 1.0 mg/l BAP and 2.0 mg/l NAA.  

 

Formation of roots (Figure 4.18) was detected from the germination of somatic 

embryos on MS media supplemented with combinations of BAP and NAA. However, 

low mean number of root formation was observed. The highest mean number of root 
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formation, with only 3.50±0.29 was observed on MS medium supplemented with 1.0 mg/l 

BAP and 1.5 mg/l NAA. No formation of cotyledonary collars was observed for roots 

formation. Globular stages of somatic embryos become oblong and subsequently formed 

roots. 

 

 

Table 4.15: Effects of different concentrations of plant growth regulators on germination 
of Dioscorea alata somatic embryos maintained at 25±1⁰C with 16 h light and 8 h dark. 
Thirty replicates were used in each treatment. 

Media % of 
germination 

No of shoots No of roots 

MS Basal (Control) 23.33±0.08bcd 7.00±0.31de -nil- 
MS + 0.5 mg/l BAP 56.67±0.09a 17.06±0.34a -nil- 
MS + 1.0 mg/l BAP 60.00±0.09a 18.00±0.36a -nil- 

MS + 1.5 mg/l BAP 43.33±0.09ab 11.85±0.48b -nil- 
MS + 2.0 mg/l BAP 36.67±0.09bc 9.00±0.43c -nil- 

MS + 0.5 mg/l NAA 0.00 ± 0.00e -nil- -nil- 
MS + 1.0 mg/l NAA 0.00 ± 0.00e -nil- -nil- 
MS + 1.5 mg/l NAA 0.00 ± 0.00e -nil- -nil- 

MS + 2.0 mg/l NAA 0.00 ± 0.00e -nil- -nil- 
MS + 1.0 mg/l BAP + 
0.5 mg/l NAA 

30.00±0.09bcd 8.33±0.65cd 3.33±0.44a 

MS + 1.0 mg/l BAP + 
1.0 mg/l NAA 

16.67±0.07cde 5.80±0.37ef 2.60±0.24a 

MS + 1.0 mg/l BAP + 
1.5 mg/l NAA 

13.33±0.06de 4.50±0.65fg 3.50±0.29a 

MS + 1.0 mg/l BAP + 
2.0 mg/l NAA 

10.00±0.06de 3.33±0.88g 3.00±0.58a 

Mean values with different letters within a column are significantly different at p=0.05, by one way 
ANOVA and Duncan’s Multiple Range Test (DMRT).  
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Figure 4.17: Development of microshoots from somatic embryos of 
Dioscorea alata from node explant. Cotyledonary collar and hook type of 
conversion of Dioscorea alata. Red arrows showing shoots formation. Blue 
arrows showing cotyledonary collars. 
   

 
 
Figure 4.18: Development of roots from somatic embryos of Dioscorea alata 
L. in MS medium supplemented with1.0 mg/l BAP + 1.5 mg/l NAA. 
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4.4 Synthetic seed studies in Dioscorea alata L. 

4.4.1 Identification of suitable concentration of Sodium alginate solution and 

Calcium chloride as an encapsulation matrix 

 Shoot tips node and stem explants of Dioscorea alata were encapsulated with sodium 

alginate solution and calcium chloride dehydrate to form synthetic seeds (bead form). 

Figure 4.19 shows formation of synthetic seeds from encapsulated shoot tips, nodes and 

stem explants of Dioscorea alata. Bead formation with ideal texture and uniform in size, 

isodiametric shape and easy to handle were the important aspect in synthetic seed 

preparation.  

 

 In the present study, propagules were successfully encapsulated in 2.0 to 5.0 % sodium 

alginate solution and hardened in 25.0 to 100.0 mM calcium chloride dehydrate solution. 

Results obtained in Table 4.16 showed different concentrations of sodium alginate 

(NaC6H7O6) solution  and calcium chloride dehydrate (CaCl2.2H2O) influenced the bead 

formation. The beads varied morphologically with respect to texture, shape and 

transparency with different combinations of sodium alginate solution and calcium 

chloride. It was found that, 3% sodium alginate was the best encapsulation solution. 

Propagules encapsulated with 3% sodium alginate solution hardened in 100 µM calcium 

chloride dehydrate produced beads with firm coats, uniform size with round shape and 

easy for handling.  

 

No definite shape of beads were formed with low concentration of sodium alginate 

(2.0%). The beads were difficult to handle and fragile. At higher concentrations of sodium 

alginate solution (5.0%), the beads were isodiametric in shape but too hard which can 

cause considerable sprouting delay. However, it was found that encapsulated explants 
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showed different degree of success on ideal beads produced. Further experiments were 

carried out in order to determine the optimum concentration of encapsulation matrix. 

 

 

Table 4.16: Effects of different concentrations of Sodium alginate and Calcium chloride. 
Observations were taken after 30 minutes of complexation process in Calcium chloride 
dehydrate. 
 

CaCl2 (µM) Sodium alginate concentration 

2% 3% 4% 5% 

25 + ++ ++ +++ 

50 + ++ +++ +++ 

75 ++ +++ +++ ++++ 

100 ++ +++ ++++ ++++ 

 

+  Very fragile bead with no definite shape 

++  Fragile bead with no definite shape 

+++  Soft, solid, and uniform shape 

++++ Optimum, firm, uniform and round shape 
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Figure 4.19: Formation of synthetic seeds. a) propagules encapsulated with Sodium 
alginate and harden in Calcium chloride dehydrate to form ideal beads, b) encapsulated 
node explant, c) encapsulated shoot tip and d) encapsulated stem explant.  
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4.4.2 Synthetic seed Germination on MS media 

The ability of encapsulated explants to break the encapsulated matrix (bead) and 

germinated is also one of the criteria to determine the optimum concentration of 

encapsulation matrix. To evaluate the optimum concentration of encapsulation matrix, 

explants encapsulated with 16 different solutions of sodium alginate and calcium chloride 

dehydrate included (+++) were germinated on MS solid and liquid media (Figure 4.20). 

To perceive the germination of synthetic seeds, the capability of explant to break the bead 

and to continue normal growth to the emergence of shoot or/and root were observed. 

Figure 4.21 shows the development of synthetic seed to form complete plantlet. 

 

Based on results presented in Tables 4.17, 4.18 and 4.19, it was obvious that the 

concentration of sodium alginate solution and calcium chloride solution influenced the 

frequency of synthetic seeds germination of Dioscorea alata. The encapsulated explants 

did not germinate at the same time. Encapsulated shoot tips germinated earlier compared 

to encapsulated nodes and stems. Cracking of beads was first observed with outgrowth of 

shoot from shoot tips explant after 5 days in culture followed with node propagules after 

7 days.  Encapsulated stem started to germinate after 11 days in culture without shoot or 

root emergence. Formation of purplish white callus was detected. 

 

Based on the results obtained in Table 4.17, the encapsulated shoot tips germinated at 

different time depending on concentrations of sodium alginate and calcium chloride 

dehydrate used. Emergence of shoots was observed as early as 5 days from shoot tips 

encapsulated with 2 % sodium alginate and 25, 50, 75 and 100 mM calcium chloride 

dehydrate, 3 % sodium alginate and 25, 50 mM Calcium chloride solution and 4 % sodium 

alginate and 25 mM calcium chloride solution. Shoot tips encapsulated with 5 % sodium 

alginate solution and hardened in 75 and 100 mM calcium chloride dehydrate cultured on 
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MS solid media took the longest time to germinate which was 14 days. Shoot tips 

encapsulated with 3% sodium alginate solution and hardened in 75 and 100 mM calcium 

chloride dehydrate exhibited the highest germination percentage, (90.00 ± 0.06 %). The 

lowest percentage of germination, (43.33 ± 0.09)  was observed from shoot tips 

encapsulated with 5% sodium alginate solution and hardened in 100 mM calcium chloride 

dehydrate.  

 

Table 4.18 shows effect of different concentrations of Sodium alginate and calcium 

chloride on germination of synthetic seeds from node segments on MS solid and in liquid 

media. Early germination was observed from synthetic seeds cultured in MS liquid media 

in all concentrations of sodium alginate solution tested. Encapsulated nodes started to 

exhibit shoots 7 days after being cultured in liquid media and 8 days after being cultured 

on solid media. Node explants encapsulated with 3% sodium alginate solution and 

hardened in 75 and 100 mM calcium chloride dehydrate showed the highest germination 

percentage, 93.33 ± 0.05. The lowest percentage of germination (46.67 ± 0.09 %) was 

observed from node segments encapsulated with 5% sodium alginate solution hardened 

in 100 mM calcium chloride dehydrate. 

 

Table 4.19 shows the effects of different concentrations of Sodium alginate and 

calcium chloride on germination of synthetic seeds from stem segments on MS solid and 

in liquid media. Stem explants encapsulated with 3% sodium alginate solution and 

hardened in 100 mM calcium chloride dehydrate exhibited the highest germination 

percentage, i.e 46.67 ± 0.09 %. The lowest percentage of germination, 13.33 ± 0.06 % 

was observed from stem explants encapsulated with 5% sodium alginate solution and 

hardened in 100 mM calcium chloride dehydrate. 
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Figure 4.20: Synthetic seeds from encapsulated node explants cultured on a) MS basal 
solid media and b) MS basal liquid media. 

 

 

Table 4.17: Effects of different concentrations of Sodium alginate and Calcium chloride 
on germination of synthetic seeds from shoot tips on MS solid and in liquid media 
maintained at 25±1⁰C with 16 h light and 8 h dark. Thirty replicates were used in each 
treatment. 

Sodium 
Alginate  

+  
Calcium 
choloride 
solution 

Period of Germination (Day) Germination Rate (%) 
MS Solid 

Media 
MS Liquid 

Media 
MS Solid 

Media 
MS Liquid 

Media 

2% + 25 mM 5.74 ± 0.11e 4.74 ± 0.11e 76.67 ± 0.08abc 76.67 ± 0.08abc 
2% + 50 mM 5.75 ± 0.15e 4.75 ± 0.15e 80.00 ± 0.07abc 80.00 ± 0.07abc 
2% + 75 mM 5.75 ± 0.16e 4.75 ± 0.16e 80.00 ± 0.07abc 80.00 ± 0.07abc 
2% + 100 mM 5.60 ± 0.31e 4.88 ± 0.12e 80.00 ± 0.07abc 80.00 ± 0.07abc 
3% + 25 mM 6.00 ± 0.00e 4.80 ± 0.15e 83.33 ± 0.07bc 83.33 ± 0.07bc 
3% + 50mM 5.92 ± 0.06e 4.80± 0.13e 83.33 ± 0.07bc 83.33 ± 0.07bc 
3% + 75 mM 7.89 ± 0.09d 6.89 ± 0.15d 90.00 ± 0.06a 90.00 ± 0.06a 
3% + 100 mM 7.89 ± 0.15d 6.89 ± 0.13d 90.00 ± 0.06a 90.00 ± 0.06a 
4% + 25 mM 5.76 ± 0.14e 4.72 ± 0.12e 83.33 ± 0.07bc 83.33 ± 0.07bc 
4% + 50 mM 7.70 ± 0.10d 6.70 ± 0.10d 76.67 ± 0.08abc 76.67 ± 0.08abc 
4% + 75 mM 7.91 ± 0.06d 6.64 ± 0.14d 73.33 ± 0.08abcd 73.33 ± 0.08abcd 
4% + 100 mM 8.52 ± 0.13c 7.57 ± 0.13c 70.00 ± 0.09abcd 70.00 ± 0.09abcd 
5% + 25 mM 7.84 ± 0.09d 6.84 ± 0.09d 63.33 ± 0.09bcde 63.33 ± 0.09bcde 
5% + 50mM 10.00 ± 0.12b 8.71 ± 0.11b 56.67 ± 0.09cde 56.67 ± 0.09cde 
5% + 75 mM 14.00 ± 0.13a 11.77 ± 0.12a 50.00 ± 0.09cd 50.00 ± 0.09cd 
5% + 100 mM 14.00 ± 0.11a 12.00 ± 0.14a 43.33 ± 0.09e 43.33 ± 0.09e 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
 

a) b) 

1 cm 1 cm 
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Table 4.18: Effects of different concentrations of Sodium alginate and Calcium chloride 
on germination of synthetic seeds from node segments on MS solid and in liquid media, 
maintained at 25±1⁰C with 16 h light and 8 h dark. Thirty replicates were used in each 
treatment. 
 

Sodium 
Alginate  

+  
Calcium 
choloride 
solution 

Period of Germination (Day) Germination Rate (%) 
MS Solid 

Media 
MS Liquid 

Media 
MS Solid 

Media 
MS Liquid 

Media 

2% + 25 mM 7.80 ± 0.15e 6.80 ± 0.08f 80.00 ± 0.07abc 80.00 ± 0.07abc 
2% + 50 mM 7.83 ± 0.08e 7.00 ± 0.09f 80.00 ± 0.07abc 80.00 ± 0.07abc 
2% + 75 mM 8.04 ± 0.13e 7.08 ± 0.11f  80.00 ± 0.07abc 80.00 ± 0.07abc 
2% + 100 mM 8.04 ± 0.65e 7.04 ± 0.16f 83.33 ± 0.07bc 83.33 ± 0.07bc 
3% + 25 mM 7.70 ± 0.09e 7.04 ± 0.13f 86.67 ± 0.06a 86.67 ± 0.06a 
3% + 50mM 7.96 ± 0.14e 6.89 ± 0.06f 90.00 ± 0.06a 90.00 ± 0.06a 
3% + 75 mM 9.92 ± 0.15d 8.93 ± 0.15e 93.33 ± 0.05a 93.33 ± 0.05a 
3% + 100 mM 9.79 ± 0.12d 9.82 ± 0.10d 93.33 ± 0.05a 93.33 ± 0.05a 
4% + 25 mM 7.93 ± 0.10e 6.92 ± 0.14f 90.00 ± 0.06a 90.00 ± 0.06a 
4% + 50 mM 10.08 ± 0.05d 8.85 ± 0.15e 80.00 ± 0.07abc 80.00 ± 0.07abc 
4% + 75 mM 10.00 ± 0.13d 8.73 ± 0.11e 76.67 ± 0.08abc 76.67 ± 0.08abc 
4% + 100 mM 11.44 ± 0.15c 11.00 ± 0.12b 60.00 ± 0.09bcd 60.00 ± 0.09bcd 
5% + 25 mM 12.06 ± 0.10b 10.11 ± 0.08cd 56.67 ± 0.09cd 56.67 ± 0.09cd 
5% + 50mM 12.13 ± 0.15b 10.19 ± 0.10c 53.33 ± 0.09d 53.33 ± 0.09d 
5% + 75 mM 15.93 ± 0.15a 12.71 ± 0.13a 50.00 ± 0.09d 50.00 ± 0.09d 
5% + 100 mM 16.07 ± 0.16a 13.00 ± 0.10a 46.67 ± 0.09d 46.67 ± 0.09d 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
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Table 4.19: Effects of different concentrations of Sodium alginate and Calcium chloride 
on germination of synthetic seeds from stems on MS solid and in liquid media maintained 
at 25±1⁰C with 16 h light and 8 h dark. Thirty replicates were used in each treatment. 

Sodium 
Alginate  

+  
Calcium 
choloride 
solution 

Period of Germination (Day) Germination Rate (%) 
MS Solid 

Media 
MS Liquid 

Media 
MS Solid 

Media 
MS Liquid 

Media 

2% + 25 mM 14.08 ± 0.18e 11.92 ± 0.14d 36.67 ± 0.09abc 36.67 ± 0.09abc 
2% + 50 mM 14.00 ± 0.17e 11.83 ± 0.11d 40.00 ± 0.09abc 40.00 ± 0.09abc 
2% + 75 mM 13.80 ± 0.29e 12.20 ± 0.13d 33.33 ± 0.09abc 33.33 ± 0.09abc 
2% + 100 mM 13.89 ± 0.11e 11.78 ± 0.15d 30.00 ± 0.09abc 30.00 ± 0.09abc 
3% + 25 mM 14.17± 0.11e 12.00 ± 0.12d 40.00 ± 0.09abc 40.00 ± 0.09abc 
3% + 50mM 14.00 ± 0.20e 12.00 ± 0.22d 43.33 ± 0.09bc 43.33 ± 0.09bc 
3% + 75 mM 15.79 ± 0.14d 13.93 ± 0.13c 46.67 ± 0.09a 46.67 ± 0.09a 
3% + 100 mM 16.07 ± 0.07d 14.00 ± 0.19c 46.67 ± 0.09a 46.67 ± 0.09a 
4% + 25 mM 13.81 ± 0.18e 11.91 ± 0.09d 36.67 ± 0.09abc 36.67 ± 0.09abc 
4% + 50 mM 15.88 ± 0.13d 14.00 ± 0.19c 26.67 ± 0.08abc 26.67 ± 0.08abc 
4% + 75 mM 15.71 ± 0.28d 14.14 ± 0.14c 23.33 ± 0.08abc 23.33 ± 0.08abc 
4% + 100 mM 21.17 ± 0.17c 18.83 ± 0.17b 20.69 ± 0.08abc 20.69 ± 0.08abc 
5% + 25 mM 16.14 ± 0.14d 14.29 ± 0.29c 22.58 ± 0.08abc 22.58 ± 0.08abc 
5% + 50mM 16.17 ± 0.17d 14.17± 0.17c 20.00 ± 0.07abc 20.00 ± 0.07abc 
5% + 75 mM 23.75 ± 0.25b 20.20 ± 0.20a 16.67 ± 0.07bc 16.67 ± 0.07bc 
5% + 100 mM 24.40 ± 0.40a 20.50 ± 0.50a 13.33 ± 0.06c 13.33 ± 0.06c 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
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(b)  
 

Figure 4.21: Development of synthetic seeds of Dioscorea alata, a) encapsulation 
of node explant cultured on MS basal medium, b) germination of artificial seed 
after 6 days in culture, c) shoot elongation after 2 weeks in culture, d) development 
of shoots and roots after 3 weeks and f) complete plantlet after 5 weeks in culture. 
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4.4.3 Effect of encapsulation matrix on Synthetic seed Germination  

Synthetic seed germination and growth was affected by encapsulation matrices. Tables 

4.20, 4.21 and 4.22 showed the growth responses of shoot tips, nodes and stem explants 

of Dioscorea alata in different encapsulation matrices after being transplanted onto MS 

media solid and liquid. Early germination was observed when shoot tips, node segments 

and stem explants were encapsulated with 3% sodium alginate supplemented with 1.0 

mg/l BAP applied singly or in combinations with 2.0 mg/l 2,4-D. Seeds germination was 

observed as early as 4 days from encapsulated shoot tips cultured in MS liquid media and 

5 days on MS solid media (Table 4.20). Higher germination rates were observed from 

propagules encapsulated with sodium alginate solution supplemented with plant growth 

regulators. 96.67 ± 0.03 % encapsulated shoot tips with plant growth regulators 

successfully germinated compared to 90.00 ± 0.06 % in control medium (encapsulated 

shoot tips without plant growth regulators). 

 

Synthetic seeds from encapsulated node explants also managed to germinate earlier 

when encapsulated media was supplemented with 1.0 mg/l BAP or 1.0 mg/l BAP and 2.0 

mg/l 2,4-D compared to node explants encapsulated with 3 % Sodium alginate only. 

Cracking of beads was first observed with outgrowth of microshoots after 5 days of 

incubation (Table 4.21). The percentage of germination also increased with the addition 

of plant growth regulators into the encapsulation media; 100 ± 0.00 of encapsulated node 

segments managed to germinate in liquid and solid MS media. 

 

 Early germination also observed from stem explants encapsulated with 3 % sodium 

alginate hardened in 75 or 100 mM fortified with 1.0 mg/l BAP applied singly or 1.0 mg/l 

BAP and 2.0 mg/l 2,4-D compared to stem explants encapsulated with 3% sodium 

alginate only (Table 4.22). Callus formation was observed as early as 9 days when 
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encapsulated stem explants was cultured in liquid media and 11 days on solid media. 

Germination rates of synthetic seeds also increased when plant growth regulators (BAP 

and 2,4-D) was added into the encapsulation media. For example, 56.67 ± 0.09 % 

encapsulated stem explants with 3% Sodium alginate hardened in 75 mM calcium 

chloride dehydrate supplemented with 1.0 mg/l BAP singly or in combinations with 2.0 

mg/l 2,4-D and 53.33 ± 0.09 % encapsulated shoot tips with 3% Sodium alginate hardened 

in 100 mM calcium chloride dehydrate successfully germinated compared to 46.67 ± 0.09 

% in control medium. 

 

 

Table 4.20: Growth responses of encapsulated shoot tips of Dioscorea alata in different 
encapsulation matrices after being transplanted onto MS solid and liquid media 
maintained at 25±1⁰C with 16 h light and 8 h dark. Thirty replicates were used in each 
treatment. 

Sodium Alginate  
+  

Calcium 
choloride solution 

Period of Germination (Day) Germination Rate (%) 

MS Solid 
Media 

MS Liquid 
Media 

MS Solid 
Media 

MS Liquid 
Media 

3% + 75 mM 7.89 ± 0.09a 6.89 ± 0.15b 90.00 ± 0.06a 90.00 ± 0.06a 
3% + 75mM + 
1.0 BAP 

5.07 ± 0.11c 4.00 ± 0.12c 96.67 ± 0.03a 96.67 ± 0.03a 

3% + 75 Mm + 
1.0 BAP + 2.0 
2,4-D 

5.00 ± 0.11c 3.97 ± 0.03 c 96.67 ± 0.03a 96.67 ± 0.03a 

3% + 100 mM 7.89 ± 0.17b 6.89 ± 0.13a 90.00 ± 0.06a 90.00 ± 0.06a 
3% + 100 Mm + 
1.0 BAP 

4.97 ± 0.08c 4.14 ± 0.10c 96.67 ± 0.03a 96.67 ± 0.03a 

3% + 100 Mm + 
1.0 BAP + 2.0 
2,4-D 

4.93 ± 0.07c 3.93 ± 0.14c 96.67 ± 0.03a 96.67 ± 0.03a 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
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Table 4.21: Growth responses of encapsulated nodes of Dioscorea alata in different 
encapsulation matrices after being transplanted onto MS solid and liquid media 
maintained at 25±1⁰C with 16 h light and 8 h dark. Thirty replicates were used in each 
treatment.  

Sodium Alginate  
+  

Calcium 
choloride solution 

Period of Germination (Day) Germination Rate (%) 

MS Solid 
Media 

MS Liquid 
Media 

MS Solid 
Media 

MS Liquid 
Media 

3% + 75 mM 9.92 ± 0.15a 8.93 ± 0.15a 93.33 ± 0.05a 93.33 ± 0.05a 
3% + 75mM + 

1.0 BAP 
5.97 ± 0.14b 

 
5.00 ± 0.14b 100 ± 0.00a 100 ± 0.00a 

3% + 75 Mm + 
1.0 BAP + 2.0 

2,4-D 

5.87 ± 0.15b 4.73 ± 0.08b 100 ± 0.00a 100 ± 0.00a 

3% + 100 mM 9.79 ± 0.12a 9.82 ± 0.10a 93.33 ± 0.05a 93.33 ± 0.05a 
3% + 100 Mm + 

1.0 BAP 
5.86 ± 0.06b 5.00 ± 0.08b 100 ± 0.00a 100 ± 0.00a 

3% + 100 Mm + 
1.0 BAP + 2.0 

2,4-D 

5.77± 0.08b 4.83 ± 0.07b 100 ± 0.00a 100 ± 0.00a 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
 

 

Table 4.22: Growth responses of encapsulated stems of Dioscorea alata in different 
encapsulation matrices after being transplanted onto MS solid and liquid media 
maintained at 25±1⁰C with 16 h light and 8 h dark. Thirty replicates were used in each 
treatment.  

Sodium Alginate  
+  

Calcium 
choloride solution 

Period of Germination (Day) Germination Rate (%) 

MS Solid 
Media 

MS Liquid 
Media 

MS Solid 
Media 

MS Liquid 
Media 

3% + 75 mM 15.79 ± 0.14b 13.93 ± 0.13b 46.67 ± 0.09a 46.67 ± 0.09a 
3% + 75mM + 

1.0 BAP 
11.00 ± 0.15cd 8.94 ± 0.16d 56.67 ± 0.09a 56.67 ± 0.09a 

3% + 75 Mm + 
1.0 BAP + 2.0 

2,4-D 

10.76± 0.10d 8.76 ± 0.11d 56.67 ± 0.09a 56.67 ± 0.09a 

3% + 100 mM 16.07 ± 0.07a 14.00 ± 0.19a 46.67 ± 0.09a 46.67 ± 0.09a 
3% + 100 Mm + 

1.0 BAP 
12.00 ± 0.16b 9.87 ± 0.09c 53.33 ± 0.09a 53.33 ± 0.09a 

3% + 100 Mm + 
1.0 BAP + 2.0 

2,4-D 

11.44 ± 0.20c 9.75 ± 0.11c  53.33 ± 0.09a 53.33 ± 0.09a 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
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4.4.4 Effect of storage period on Synthetic seed Germination  

The effect of storage period on germination of synthetic seeds produced was presented 

in Table 4.23. The percentage of germination of synthetic seeds (encapsulated shoot tips 

with 3.0 % sodium alginate hardened in 100 mM calcium chloride dehydrate fortified 

with 1.0 mg/l BAP and 2.0 mg/l 2,4-D) cultured on MS basal media was 100.00 ± 0.00 

% without storage. Cracking of beads was observed with outgrowth of shoot tips after 4 

days of culture period. After 7 days of storage at 4 ± 1 ºC, the germination rate of 

encapsulated shoot tips was 74.19 ± 0.08 %. Cracking of beads was observed after 8 days 

of culture period. Germination rate dropped to 30.00 ± 0.09 % after 14 days of storage. 

After 21 days in storage, low germination rate 06.67 ± 0.05 % was recorded. Only 03.33 

± 0.03 % of synthetic seeds germinated after 30 days of storage. The synthetic seeds 

totally lost the seed viability after 40 days stored at 4 ± 1 ºC. 

 
 
Table 4.23: Effects of storage period at 4 ± 1 ºC on germination of synthetic seeds of 
Dioscorea alata (shoot tips propagules encapsulated with 3% sodium alginate 
supplemented with 1.0 mg/l BAP and 2.0 mg/l 2,4-D) on MS basal medium maintained 
at 25±1⁰C with 16 h light and 8 h dark. Thirty replicates were used in each treatment.  

Storage period 
(Day) 

No. of synthetic 
seeds 

No. of 
germinated seeds 

Germination rates 
 (% ± SE) 

0 30 30 100.00 ± 0.00a 

7 30 22 74.19 ± 0.08b 

14 30 9 30.00 ± 0.09c 

21 30 3 10.00 ± 0.06d 

30 30 1 03.33 ± 0.03d 

40 30 0 0.00 ± 0.00d 

Means followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. 
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4.5 Acclimatization of Plantlets of Dioscorea alata L. 

4.5.1 Determination of Soil content 

Growth substrates play crucial role/factor in acclimatization process. In order to 

determine the best substrate for Dioscorea alata acclimatization and growth, four 

substrates which are Black soil, Red soil, Vermicompost and Culite were analysed to 

determine the amount of plant available nutrients in the soils included Exchangeable 

Bases (K, Ca and Mg), Cation Exchange Capacity (CEC), Nitrogen (N), Phosphorous (P), 

Potassium (K), Total Phosphorous, Available Phosphorous and moisture content of the 

substrates. Results of soil analysis was presented in Table 4.24.  

 

Soil pH is the measure of acidity or alkalinity of the substrate tested. The pH scale 

goes from 0.0 to 14.0. A substrate gets more acidic as the pH values decrease from 7.0 to 

0.0 and is more alkaline as pH values increase from 7.0 to 14.0. From the results obtained 

the pH for Black soil was slightly alkaline with pH reading 7.58, Red soil was slightly 

acidic with pH 6.84, Vermicompost was slightly alkaline with pH 7.41 and Culite was 

moderately alkaline with pH 7.88.  The increase of pH value is dependent of the base 

saturation. The availability of the cation can be taken up by plants increases with increase 

in base saturation. Culite showed the highest base saturation with a value of 39.61. 

 

Cation exchange capacity (CEC) is the capacity of the substrate to hold cations in soil 

particles surfaces. CEC was calculated from the analysis results of potassium (% K), 

calcium (% Ca), magnesium (% Mg), sodium (% Na) and Buffer pH (% H). CEC was 

effected by the soil clay and organic matter content, so CEC can be considered a 

generalized indicator of soil texture. The value of CEC was different among the four types 

of sowing media. Black soil and Red soil typical texture were loamy soils with CEC 15.57 
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meq/100 g and 15.03 meq/100 g respectively. Culite typical texture was clay soil with 

CEC 33.55 meq/100 g. High CEC, 88.77 meq/100 g was observed from Vermicompost. 

 

Potassium (K) is an essential element that associate with water movement, nutrient 

and carbohydrate in plant tissue. Based on Table 7.1, Black soil contained high K with 

0.85 meq/100g. Calcium (Ca) is one of the elements that is constituent of the cell wall 

and apparently influences its elasticity. Culite contained the highest Ca (12.27 meq/100g) 

and Black soil possessed the lowest Ca (0.32 meq/100g). Magnesium (Mg) is an 

important element constituent of chlorophyll and hence plays important role in 

photosynthesis process. Red soil was detected with the lowest Mg content (0.28 

meq/100g). Sodium (Na) may indicate potential for soil structure breakdown and water 

percolation problem. Black soil (0.11 meq/100g), Red soil (0.06 meq/100g) and Culite 

(0.34 meq/100g) showed very low sodium hazard. Vermcompost with high Na (6.21 

meq/100g) was low sodium hazard. 

 

Percentage of organic carbon is the measure of the percentage of total carbon‐

containing materials in a substrate.  The organic matter content may affect certain 

herbicide application rate and may affect fertilizer rate recommendation for nitrogen 

sulfur. Vermicompost contained the highest percentage of organic carbon (21.19 %). Red 

soil contained the lowest percentage of organic carbon (0.36 %). Total Nitrogen measures 

the total amount of N present in the soil, much of which is held in organic matter and not 

immediately available to plants. Black soil, Red soil and Culite contained very low total 

N with the reading of 0.04, 0.03 and 0.03, respectively. Vermicompost showed high total 

N with the reading of 0.34. 
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Soil contained two types of phosporous which were Available P and Total P. Available 

P is the readily available phosphorous and Total P is some component of the phosphorous 

which becomes available or may be available when available P was depleted by plant 

uptake. From the results, Black soil showed extremely low Available P (7.0) but high 

Total P (388). Red soil contained moderate Available P (150.0) and low Total P (107.0). 

Extremely low Available P (4.0) and moderate Total P (209.0) was detected in 

Vermicompost. In culite, the Available P was moderate (197.0) while the Total P was 

high (391.0). 

 

Plants also need small quantities of micronutrients such as iron (Fe), manganese (Mn), 

copper (Cu) and zinc (Zn), known as trace elements. Although only required in small 

amounts, trace elements are essential for plant growth. Critical levels for trace elements 

will vary between soil types and plants. From the results in Table 7.1, Culite contained 

the highest Fe (230.6 ppm). The second highest Fe, (151.6 ppm) was observed in Red 

soil. Black soil and Vermicompost contained high Mn with total ppm 49.5 and 46.1, 

respectively. The highest Cu (0.83 ppm) was detected in Vermicompost. The highest trace 

element Zn was observed in Vermicompost with total ppm of 7.21.  
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Table 4.24: Nutrient content of different sowing media (Black soil, Red soil, 
Vermicompost and Culite). 
 

Nutrient level Sowing Media 

Black Soil Red Soil Vermi- 
compost 

Culite 

Soil pH 7.58 6.84 7.41 7.88 

Organic Carbon 
(%) 

2.74 0.36 21.19 0.57 

Total Nitrogen (%) 0.04 0.03 0.34 0.03 

C/N Ratio 68.00 11.00 62.00 17.00 

Total P 338.00 107.00 209.00 391.00 

Available P 7.00 150.00 4.00 197.00 

Exchangeable  

cation (meq/100 g) 

Potassium 

Calcium 

Magnesium 

Natrium 

 

 

0.85 

0.32 

0.63 

0.11 

 

 

0.39 

3.23 

0.28 

0.06 

 

 

1.91 

7.20 

0.52 

6.21 

 

 

0.20 

12.27 

0.48 

0.34 

CEC (meq/ 100 g) 15.57 15.03 88.77 33.55 

Bases Saturation 12.27 26.34 17.84 39.61 

Trace Elements 

 (Total ppm) 

Fe 

Mn 

Cu 

Zn 

 

 

60.90 

49.50 

0.35 

5.42 

 

 

151.60 

11.10 

0.34 

1.35 

 

 

23.30 

41.60 

0.83 

2.21 

 

 

330.60 

13.60 

0.20 

0.95 
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4.5.2 Survival rate of Dioscorea alata L. Micropropagated plantlets 

Complete micropropagated plantlets with roots (Figure 4.22) were successfully 

transferred to ex vitro environment. A great care was taken to minimize exposure to 

extreme light intensity. High humidity was maintained by covering potted plantlets with 

plastic covers (Figure 4.23) and the cover was removed in stages, creating partial 

exposure of the plantlets to the sunlight and full exposure after 30 days in the greenhouse 

(Figure 4.24). By this treatment, the plantlets were able to acclimatize progressively and 

grow vigorously (Table 4.25). The data recorded on the survival rate of the plantlets 

during acclimatization was presented in Table 4.25. 

 

The results showed that plantlets responded positively when acclimatized in all sowing 

media tested; Black soil, Red soil and combination of Black soil and Red soil in the ratio 

of  2:1). Plantlets acclimatized with the mixture of Black soil and Red soil gave the highest 

survival rate for acclimatization with the percentage of 93.33 ± 0.05 % followed by Black 

soil with percentage of 83.33 ± 0.09 %. The lowest survival rate (70.00 ± 0.09 %) was 

observed from plantlets acclimatized in Red soil. However, the percentage of survival 

rates were declined in all treatments after 8 weeks being acclimatized. In the mixture of 

Black soil and Red soil, a decline of 3.0 % was observed with the percentage of 90.00 ± 

0.06 %. Black soil and Red soil showed the survival rates of 73.33 ± 0.08 % and 56.67 ± 

0.09 %, respectively. 
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Table 4.25: Responses showed by in vitro Dioscorea alata plantlets after being 
acclimatized in various sowing media. Results obtained after 4 and 8 weeks being 
acclimatized. 
 

Acclimatized plantlets on 
different sowing substrates 

Observations Survival rates (%) 

4 weeks 
 

Black soil. 

 

Plantlets survived and 

showed healthy growth. 

83.33 ± 0.09ab 

 

Red soil 

 

Plantlets survived and 

showed healthy growth.  

70.00 ± 0.09b 

Black soil + Red soil 

 

Plantlets survived with 

slow growth 

93.33 ± 0.05a 

 

8 weeks 

 

Black soil. 

 

Plantlets survived and 

showed healthy growth. 

73.33 ± 0.08ab 

 

Red soil 

 

Plantlets survived and 

showed healthy growth.  

56.67 ± 0.09b 

Black soil + Red soil 

 

Plantlets survived with 

slow growth 

90.00 ± 0.06a 

 

Mean ± SE, n=30. Mean with different letters in the same column differ significantly at p=0.05 by one way 
ANOVA. 
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4.5.3 Macromorphological Studies of in vivo, in vitro and Acclimatized plantlets of 

Dioscorea alata. 

When transferred onto different substrates, the plantlets developed from cutting nodal 

segments gave rise to healthy plants after 4 weeks and continue to grow vigorously after 

8 weeks being acclimatized. No apparent morphological variation was observed between 

the in vivo, in vitro growth and acclimatized plantlets. The observation on the 

macromorphological of the plantlets during acclimatization was presented in Table 4.26. 

The plant grew well and attained 8-10 cm in height within 4 weeks of transfer (Figure 

4.24). The stem was herbaceous vine with internodes square in cross section, cylindrical 

and purple in colour. The same characteristic of stem was observed from intact or in vivo 

plant (Table 4.1). Ovule, narrowly heart shape and green with slightly purple in colour 

leaves was observed. Each plant had an average number of leaves of 9.50 ± 0.92 and 

average number of nodes of 9.50 ± 0.92.  

 

After 8 weeks being acclimatized, the plant height increased with mean height of 15.00 

± 0.15 cm and the stem colour was purple. Stems started to twine around the stand 

prepared (Figure 4.25). The ovule was maintained with narrowly heart shape and colour, 

the size of leaves became bigger and the number of leaves also increased with average no 

of 15.7 ± 0.09. Number of nodes also increased to 15.7 ± 0.09. From the observation, 

average number of nodes was the same as average number of leaves produced by plantlet.  

 

 

 

 

 
 
 
 

Univ
ers

ity
 of

 M
ala

ya



114 
 

 
Table 4.26: Responses observed in in vitro Dioscorea alata plantlets after being 
acclimatized in various sowing media. Results obtained after 1 month being acclimatized.  
  
Parameters In vitro 4 weeks  

Acclimatized 

plantlets 

8 weeks 

Acclimatized 

plantlets 

Stem 

Height (cm) 

Shape  

 

 

Colour 

 

5.50±0.09c 

Cylindrical, herbaceous 
vine with internodes 
square in cross section. 
 

 

 
Purple colour. 
 

 

9.00±0.15b 

Cylindrical, 
herbaceous vine with 
internodes square in 
cross section. 

 

Purple colour. 
 

 

15.00±0.15a 

Cylindrical, twining 
herbaceous vine with 
internodes square in 
cross section. 
 

 
Purple colour. 

 

Leaves 

No. of leaves 

Shape 

 

Colour 

 

4.53±0.93c 

Ovule, narrowly heart 
shape leaves. 

 

Purple 

 

9.50±0.92b 

Ovule, narrowly heart 
shape leaves. 

 

Green with slightly 
purple in colour. 
 

 

15.7±0.09a 

Ovule, narrowly 
heart shape leaves. 

 

Green with slightly 
purple in colour. 

No. of node 4.53±0.93c 9.50±0.92b 15.7±0.09a 

Mean values with different letters within a column are significantly different at p=0.05, by one way 
ANOVA and Duncan’s Multiple Range Test (DMRT). 
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Figure 4.22: Four-months-old well rooted complete plantlet of Dioscorea 
alata L. obtained from MS medium supplemented with 1.0 mg/l BAP and 0.5 
mg/l NAA. 

 
 

 
 

Figure 4.23: Plastic covering the Four-week-old Dioscorea alata L. plantlet 
after being transferred to the growth media (combinations of Black soil and 
Red soil). 
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Figure 4.24: Four-week-old Dioscorea alata L. plantlet after being 
transferred to the growth media (combinations of Black soil and Red soil), 
for adaptation process to the natural environment with plastic cover was 
removed. 

 

 

Figure 4.25: 8-week-old Dioscorea alata L. plantlet growing vigorously 
after being transferred to the growth media (combinations of Black soil 
and Red soil) under natural environment. 
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4.6 Anthocyanin Content & Accumulation in Dioscorea alata L. 

4.6.1 Spectral Characteristic of Crude Anthocyanin Extract of Dioscorea alata 

The total anthocyanin content was estimated according to the spectrophotometric pH 

differential method (Gabriela et al., 2010; Lee et al., 2005). Samples were diluted 

separately with potassium chloride buffer (pH 1) and sodium acetate buffer (pH 4.5). 

Increasing of pH (1.0 to 4.5) affects the concentration of the anthocyanin as well as the 

colour. At pH 1.0, the extracts colour become red and at pH 4.5 the colour faded and 

become lighter (Figure 4.26) due to the change of pigment’s structure. The total 

concentration of anthocyanin content was also affected by the pH in the buffer as shown 

in Figure 4.27.  

 

 Figured 4.27 showed spectral characteristic of crude anthocyanin extract of Dioscorea 

alata callus in pH 1.0 and pH 4.5 buffers. Spectrophotometric measurement carried out 

clearly showed that the wavelength of maximum absorption for anthocyanin of Dioscorea 

alata was 530 nm with absorbance value of 0.3802 in pH 1.0 potassium chloride buffer. 

Unlike pH 4.5, the curvature of pH 1.0 was more obvious in the visible region between 

460 to 560 nm. There was almost no peak of absorbance for pH 4.5 as the absorption band 

increased very slightly between 530 to 550 nm. The measurements were performed within 

3 min after the sample was diluted with buffers to prevent misleading measurement as it 

was found that absorbance increase with time after dilution.  
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Figure 4.26: a) Crude anthocyanin extract from leaves (green) and 
tuber (purple) of Dioscorea alata, b) Colour changing in pH 1.0 buffers 
c) Colour changing in pH 4.5 buffers. 
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Figure 4.27: Spectral characteristic of crude anthocyanin extract of Dioscorea alata tuber 
in pH 1.0 and pH 4.5 buffers. 
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4.6.2 Anthocyanin content in in vivo and in vitro samples of Dioscorea alata 

 Based on several investigations, compounds produced in an in vivo plant could be 

produced at the same or different level or not produced at all in an in vitro grown plant. 

Table 4.27 showed anthocyanin production in in vivo and in vitro samples of Dioscorea 

alata. Based on Figure 4.27, 530 nm was the (𝜆vis – max) used to calculate total monomeric 

anthocyanin. By using pH differential methods for anthocyanin quantification, higher 

anthocyanin content was observed from in vivo samples. The highest anthocyanin 

content, 341.99 ± 0.18 mg cya-3-glu / 100 g fresh weight (FW) was observed in in vivo 

tuber of Dioscorea alata. In leaves sample, 247.92 ± 0.71 mg cya-3-glu / 100 g FW 

anthocyanin content was detected. However, significant content of anthocyanin was 

detected in in vitro callus sample, 295.21 ± 0.20 mg cya-3-glu / 100 g FW and plantlet, 

175.25 ± 0.42mg cya-3-glu / 100 g FW.  

 

Table 4.27: Total monomeric anthocyanin content in in vivo and in vitro samples of 
Dioscorea alata L. 

Sample Anthocyanin content 
(mg cya-3-glu / 100 g FW) 

± SE 

In vivo (tuber) 341.99 ± 0.18* 
In vivo (leaves) 247.92 ± 0.71* 
In vitro (callus) 295.21 ± 0.20* 
In vitro (leaves) 175.25 ± 0.42* 

* Significant difference at p=0.05 (Independent Samples T-test), n=3 
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4.6.3 Effect of Light on Anthocyanin Accumulation in Callus of Dioscorea alata 

 Light plays crucial role in anthocyanin synthesis. Same as in in vivo condition, 

anthocyanin synthesis in in vitro condition also influence by light. Different colours of 

callus were produced at different photoperiod (Section 4.2). Four different colours of 

callus were observed from explants cultured on MS medium supplemented with 1.0 mg/l 

BAP and 2.0 mg/l 2,4-D added with 0.5 mg/l myo-inositol about 2 weeks in incubation 

maintained at 24L/0D, 16L/8D, 12L/12D and 0 L/24 D, respectively (Figure 4.10). After 

8 weeks in culture the pigment become more visible and anthocyanin accumulation were 

comparable among the treatment.  

 

 The total anthocyanin content was calculated according to the spectrophotometric pH 

differential method by Gabriela et al. (2010) and Lee et al. (2005). Figure 4.28 showed 

the changing of extract colours when diluted in pH 1 and pH 4.5. At pH 1, the purple 

colour of callus extract change to red and almost no colour was observed at pH 4.5.  Figure 

4.29, shows spectral characteristic of crude anthocyanin extract of Dioscorea alata callus 

exposed under 4 different photoperiod in pH 1.0 and pH 4.5 buffers. Spectrophotometric 

measurement carried out for the 4 different coloured callus clearly showed that the 

wavelength of maximum absorption for anthocyanin was 530 nm in pH 1.0 potassium 

chloride buffer. The curvature of pH 1.0 was noticeable in the visible region between 460 

to 560 nm. There was almost no peak of absorbance for pH 4.5 as the absorption band 

increased very slightly between 530 to 550 nm. Based on this spectral characteristic in 

Figure 8.4, total monomeric anthocyanin for callus exposed to different light treatments 

were estimated with 530 nm was the (𝜆vis – max).   

 

Table 4.28 showed total monomeric anthocyanin content in different coloured callus 

exposed to different photoperiod. Extract solution from coloured callus maintained in 
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16L/8D with red purplish colour showed the highest anthocyanin content (295.21 ± 0.20 

mg cya-3-glu / 100 g FW) compared to other treatments. Higher content of anthocyanin 

also detected in callus maintained in 24 hours light without dark treatment (24L/0D). The 

purplish dark callus contained 245.46 ± 0.13 mg cya-3-glu / 100 g FW total anthocyanin. 

Coloured callus (purplish white) maintained in darkness for 24 hours without light 

exposure, (0L/24D) exhibited the lowest total monomeric anthocyanin content, (90.35 ± 

0.32 mg cya-3-glu / 100 g FW). 

 

 

 

Figure 4.28: Crude anthocyanin extract from callus exposed at different 
photoperiod in pH 1.0 and pH 4.5 buffers. 
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Figure 4.29: Spectral characteristic of crude anthocyanin extract of Dioscorea alata 
callus subjected to different photoperiod a) 0 Light/ 24 Dark, b) 12 Light/ 12 Dark, c) 16 
Light/ 8 Dark and d) 24 Light/ 0 Dark in pH 1.0 and pH 4.5 buffers. 
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Table 4.28: Effect of photoperiod on caloured callus formation and total monomeric 
anthocyanin content in caloured callus of Dioscorea alata L. 

Photoperiod  Caloured  callus formation after 
8weeks exposed to different 

photoperiod 

Anthocyanin content 
(mg cya-3-glu / 100 g FW) 

± SE 
0 Light/ 24 Dark Purplish white 

 
 

90.35 ± 0.32* 

12 Light/ 12 Dark Purple  

 
 

221.36 ± 0.08* 

16 Light/ 8 Dark Red purplish 

 
 

295.21 ± 0.20* 

24 Light/ 0 Dark Dark purple 

 

245.46 ± 0.13* 

* The mean difference is significant at the 0.05 level (Independent Samples T-test), n=3 
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4.6.4 Phenolic acids and flavonoids content of Dioscorea alata L. 

Phenolic acids and flavonoids are two major polyphenolic compounds that can be 

attributed to the anthocyanin capacity in plants. Table 4.29 exhibits the total content of 

phenolic and flavonoids compound in vivo and in vitro samples of Dioscorea alata. The 

results showed that both samples contained both phenolic and flavonoids compounds. 

The total phenolic content of in vivo sample was 73 mg 100 g-1 and in vitro sample was 

52 mg 100 g-1. While total flavonoids of in vivo sample was 48 mg 100 g-1   and in vitro 

sample was 21mg 100 g-1. Higher content of phenolic and flavonoids compounds were 

detected in in vivo samples. 

 

 

Table 4.29: Total phenolic and flavonoids contents of in vivo and in vitro samples of 
Dioscorea alata. 

 

Sample Total Phenolic Content Total Flavanoids Content 
 

In vivo (tuber) 73 mg 100 g-1 32 mg 100 g-1 
In vitro (callus) 52 mg 100 g-1 21 mg 100 g-1 

 

* Significant difference at p=0.05 (Independent Samples T-test), n=3 
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4.7 Antimicrobial Potential in Dioscorea alata L. in vivo and in vitro Samples 

4.7.1 Antibacterial activity of Dioscorea alata L.  

4.7.1.1 Antibacterial Effect of Ethanolic Extract  

 Four different bacteria, Escherichia coli, Salmonella sp., Staphylococcus aureus and 

Staphylococcus epidermis were used to screen the possible antibacterial activity of in vivo 

and in vitro ethanolic extract of Dioscorea alata. Disc diffusion method with definite 

amount of extracts was used in this study. Chloramphenicol was used as positive control 

and ethanol 95% as negative control. Table 4.30 showed antibacterial activity of ethanolic 

extract of Dioscorea alata. Clear inhibition zones surrounding the disk of extract 

indicated the strength of extract to inhibit bacteria growth.  

 

 E.coli, Salmonella sp., S.aureus and S.epidermis were very sensitive to 

chloramphenicol. Larger than 53.00 mm inhibition zones were observed from extracts 

against E.coli, Salmonella sp. and S.epidermis. Negative control have a slight effect on 

all bacteria tested. From Table 4.30, all ethanolic extracts showed bigger inhibition zones 

compared to negative control. 

 

 The growth of E.coli (Figure 4.30), Salmonella sp. (Figure 4.31), S.aureus and 

S.epidermis were inhibited effectively by ethanolic tubers, plantlets and callus extracts. 

Plantlet extract showed the highest antibacterial effect against E.coli with inhibition zone 

of 12.33 ± 0.67 mm. Tuber extract contained more antibacterial activity against 

Salmonella sp., and S.aureus compared to plantlets and callus extract with largest 

inhibition zone of 18.00 ± 1.00 mm and 18.33 ± 0.88 mm, respectively.  

 

 The antibacterial activity of tubers, plantlets and callus were stronger against 

S.epidermis. All samples extract exhibited larger inhibition zones compared to other 
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bacteria tested.  Strong antibacterial activity with the highest inhibition zone (23.00 ± 

1.73 mm), was observed from tubers extract and the lowest inhibition zone (10.67 ± 1.14 

mm) was detected from callus extract.  

 

 

Table 4.30: Effect of ethanolic extract of in vitro (callus) and in vivo (intact plant) 
samples of Dioscorea alata L. on Diameter of inhibition zone (cm) against Bacteria. 

Bacteria  
(1010 

CFU/ml) 
 
 

Inhibition Zone (mm) 
Control 
positive 
(chloro-

phenicol)) 

Control 
negative 

(methanol) 

In vivo 
sample 

In vitro sample 
 

Tuber Plantlet Callus 

Escherichia 
coli 

59.00±0. 58a 

 
6.33±0.33d 

 
12.00±0.58c 

 
12.33±0.67c 

 
7.00±0.58c 

 
Salmonella 
sp. 

59.00±1.00a 

 
6.33±0.33d 

 
18.00±1.00b 

 
10.33±0.33c 

 
10.00±1.00c 

 
Staphylo-
coccus 
aureus 

28.00±1.15a 

 
8.00±0.58d 

 
18.33±0.88b 

 
10.00±0.58cd 

 
9.33±0.67cd 

 

Staphylo-
coccus 
epidermis 

53.33±0.67a 

 
7.00±0.58de 

 
23.00±1.73b 

 
12.00±1.52c 

 
10.67±1.14cd 

 

Values are Mean ± Standard Error (SE) included the diameter of filter paper disc (6.00 mm). Means 
followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. n=3. 
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4.7.1.2 Antibacterial effect of aqueous extract  

 The antibacterial effects of the aqueous extracts of in vivo (tubers) and in vitro (callus) 

samples of Dioscorea alata evaluated against Escherichia coli, Salmonella sp., 

Staphylococcus aureus and Staphylococcus epidermis were represented in Table 4.31. 

From the results shown in Table 4.31, the aqueous extract of the tubers and callus 

demonstrated considerable inhibitory effect against all the bacteria tested. The growth of 

E.coli was inhibited effectively by tubers extract with inhibition zone 17.33 ± 1.45 mm.  

Callus extract showed slight effect on E.coli growth with 8.00±0.00 mm inhibition zone. 

Tubers extract showed slightly higher inhibition zone against Salmonella sp. (10.00±0.58 

mm) compared to callus extract (9.67±0.88 mm). Tubers and callus extracts showed the 

same effect on S.aureus growth with inhibition zone of 11.33±0.58 mm. Tubers and callus 

extract had a slight effect on S.epidermis with inhibition zone of 7.00±0.00 mm and 

8.67±1.76 mm, respectively. 

 

 
Table 4.31: Effect of water extract on in vitro (callus) and in vivo (intact plant) samples 
of Dioscorea alata L. on Diameter of inhibition zone (cm) against Bacteria. 
 

Bacteria  
(1010 CFU/ml) 

 
 

Inhibition Zone (mm) 
In vivo sample (tubers) In vitro sample (callus) 

 

Escherichia coli 17.33±1.45b 

 
8.00±0.58d 

 
Salmonella sp. 10.00±0.58c 

 
9.67±0.88c 

 
Staphylococcus aureus 11.33±0.58c 

 
11.33±0.58c 

 
Staphylococcus epidermis 7.00±0.58e 

 
8.67±1.76de 

Values are Mean ± Standard Error (SE) included the diameter of filter paper disc (6.00 mm). Means 
followed by the same letter are not significantly different at the 0.05 level of confidence by one way 
ANOVA. n=3. 
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Figure 4.30: Disk diffusion technique. Effect of Dioscorea alata 
tuber ethanolic extract against Gram-negative bacteria E. coli. 

 

 
 

Figure 4.31: Disk diffusion technique. Effect of Dioscorea alata 
tuber ethanolic extract against Gram-negative bacteria Salmonella 
sp. 

 

 

1.0 cm 

1.0 cm 

Univ
ers

ity
 of

 M
ala

ya



130 
 

4.7.2 Antifungal activity of Dioscorea alata L. 

4.7.2.1 Antifungal Effect of Ethanolic Extract  

 Four different fungi, Aspergilus niger, Fusarium sp., Mucor sp. and Penicillium sp. 

were used to screen the possible antifungal activity of in vivo and in vitro samples of 

Dioscorea alata. Disc diffusion method with definite amount of extracts was used in this 

study. Carbendazim was used as positive control and ethanol 95% as negative control. 

Clear inhibition zones surrounding the disk of extract indicated the strength of extract to 

inhibit fungal growth. Table 4.32 showed antifungal activity of Dioscorea alata extract. 

 

 A.niger, Fusarium sp., Mucor sp. and Penicillium sp. were sensitive to carbendazim. 

Larger than 20.00 mm inhibition zone was observed from carbendazim against A.niger, 

Fusarium sp. and Mucor sp. Carbendazim showed the highest antifungal activity against   

Penicillium sp. with inhibition zone of 56.67±0.33 mm. Negative control have no effect 

againts all bacteria tested except Penicillium sp. with small inhibition zone of 6.33 ±0.33 

mm .  

 

All the extracts failed to inhibit the growth of A.niger (Figure 4.32) and Fusarium sp. 

(Figure 4.33). No inhibition zone was observed from aqueous extract of tubers, plantlet 

and callus. Extract from in vivo (tuber) and in vitro (plantlet and callus) inhibited mycelial 

growth of Mucor sp. (Figure 4.34) and Penicillium sp. (Figure 4.35). Tubers extract 

showed the highest inhibition zone against Mucor sp. (10.33 ± 0.88 mm) and Penicillium 

sp. (25.00 ± 1.15 mm). The lowest inhibition zone was observed from callus extract 

against Mucor sp. (7.33 ± 0.33 mm) and Penicillium sp. (8.00 ± 0.58 mm). 
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Table 4.32: Effects of ethanolic extract of in vitro (callus) and in vivo (intact plant) 
samples of Dioscorea alata L. on Diameter of inhibition zone (cm) against fungi. 

Fungi  
(1010 

CFU/ml) 
 

Inhibition Zone (mm) 
Control 
positive 

(carbendazim) 

Control 
negative 
(ethanol) 

In vivo 
sample 

In vitro sample 
 

Tuber Leaves Callus 
Aspergilus 
niger 

20.33±2.84a 

 
NR NR NR NR 

Fusarium 
sp. 

24.00±1.15a 

 
NR NR NR NR 

Mucor sp. 22.00±1.15a 

 
NR 10.33±0.88b 

 
7.67±0.67c 

 
7.33±0.33c 

 

Penicillium 
sp. 

56.67±0.33a 

 
6.33±0.33d 

 
25.00±1.15b 

 
15.67±2.40c 

 
8.00±0.58d 

 
Values are Mean ± Standard Error (SE) included the diameter of filter paper disc (6.00 mm). Means 
followed by the same letter are not significantly different at the 0.05 level of confidenceby one way 
ANOVA. n=3. NR=no response. 
 

4.7.2.2 Antifungal Effect of Aqueous Extract  

 The aqueous extract of in vivo (tubers) and in vitro (callus) of Dioscorea alata 

subjected against Aspergilus nigur, Fusarium sp., Mucor sp. and Penilcilium sp. were 

represented in Table 4.33. Tubers and callus extracts did not show significant antifungal 

activity against all fungi tested, hence no inhibition zone was observed. 

 

Table 4.33: Effects of water extract on in vitro (callus) and in vivo (intact plant) 
samples of Dioscorea alata L. on Diameter of inhibition zone (cm) against fungi. 

 
Fungi (1010 CFU/ml) 
 

Inhibition Zone (mm) 

In vivo sample In vitro sample 
 

Aspergilus niger NR NR 
Fusarium sp. NR NR 

Mucor sp. NR NR 

Penilcillium sp. NR NR 
Values are Mean ± Standard Error (SE) included the diameter of filter paper disc (6.00 mm). Means 
followed by the same letter are not significantly different at the 0.05 level of confidence one way ANOVA. 
n=3. NR=no response. 
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Figure 4.32: Disk diffusion technique. Effect of Dioscorea alata 
tuber ethanolic extract against A. niger. 

 

 
 

Figure 4.33: Disk diffusion technique. Effect of Dioscorea alata 
tuber ethanolic extract against Fusarium sp. 
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Figure 4.34: Disk diffusion technique. Effect of Dioscorea alata 
tuber ethanolic extract against Mucor sp. 

 
 

 

 
 

Figure 3.35: Disk diffusion technique. Effect of Dioscorea alata 
tuber ethanolic extract against Penilcillium sp. 
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 CHAPTER 5: DISCUSSION 

 

In the present work, tissue culture studies and some biological activities of Dioscorea 

alata L. were investigated. Dioscorea alata is well known for their antioxidant activity. 

This plant is gaining importance in pharmaceutical industries due to their peculiar of 

various commercial valuable compounds and consumer demands for natural antioxidant 

and natural food colourant from plant pigments which have potential in health promotion 

and diseases prevention. Known as ‘ubi badak’ in Malaysia because of their shape like 

rhinoceros, this plant receives little attention despite of their good medicinal values with 

high anthocyanin and antioxidant content. Research, application and access for the tubers 

of Dioscorea alata L. are limited in Malaysia.  

 

Therefore, in vitro work was carried out on this species as an alternative method for 

mass propagation and as a tool to overcome the problems occurring during the 

conventional propagation. The present tissue culture study was focused on in vitro 

regeneration of complete plantlets of Dioscorea alata L. besides callus formation for 

pigment production. The study was separated into several section. It encompasses the 

studies on regeneration, microtuberization, coloured callus induction, somatic 

embryogenesis induction, synthetic seed production, acclimatization of plantlets, 

anthocyanins accumulation and antimicrobial properties of Dioscorea alata. Introduction 

and literature review of the studies were described in chapter 1 and chapter 2. In chapter 

3 section 3.1, studies concerning regeneration and organogenesis of Dioscorea alata L. 

were carried out in order to identify and determine the best concentration and combination 

of plant growth regulators for optimum microshoots and root formation. Beside, 

microtubers formation and regeneration from microtubers were also examined. 
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Like most of Dioscorea species, Dioscorea alata are highly heterozygous for their 

cultivars and elites clones and are propagated vegetatively by means of tuber seedlings. 

Light plays crucial role on tuber germination, conversion and sprouting. Data presented 

in Table 4.1 showed that seed tubers grew vigorously in light environment compared to 

in the dark environment. Tubers germinated under light conditions initiated sprouting or 

shoot growth earlier than those under dark condition. Formation of leaves was observed 

from tuber seedlings exposed to light. Green purplish leaves were detected from plant 

grown under direct sunlight and purple leaves were developed from plant grown under 

fluorescent tube light (Figure 4.1).   According to Hamadina et al. (2015), light condition 

able to support high activity in the peel of the intact tubers may facilitate the progress of 

the physiological process, such as high crude protein synthesis or metabolism necessary 

for shoot development. Dark environment is well known for delay sprouting and 

reduction in the rate of metabolism. This could be attributed to low respiration and 

evaporative rates in the dark due to lack of light which increases heat energy.  

 

Direct regeneration of Dioscorea species could be established from many types of 

explants. Already, plantlet regeneration in vitro for vegetative propagation of important 

Dioscorea species has been achieved using bulbils (Asokan et al., 1983), immature leaves 

(Kohmura et al., 1995), meristem tips (Maularie et al., 1995a), nodal cutting (Alizadegh 

et al., 1998; Chen et al., 2003), petioles (Anike et al., 2012) and roots (Twyford & 

Mantell, 1996). Right choice of explant had great implication for successful 

organogenesis and regeneration of plants. In the present study, three types of explants 

were utilized for regeneration of Dioscorea alata including leaf, node and stem 

(internode). The response of leaf, stem and node explants of Dioscorea alata when 

cultured on MS media were presented in Table 4.2. From the observations, leaf and stem 

explants showed negative response in terms of shoot formation in all treatments. No shoot 

formation was observed from leaf and stem explants. Node explants showed higher 

Univ
ers

ity
 of

 M
ala

ya



 

136 
 

potential for microshoots formation in comparison to leaf and stem explants. It is well 

known that node can potentially develop an axillary bud complex and it is the stimulation 

of axillary bud to develop into a shoot (Figure 4.2). Enlargement and subsequent break 

of axillary buds was the initial response of node explant. In this study, the axillary bud on 

the node showed visible growth after 7 days in culture. 

 

Node culture is a method of exploiting the normal ontogenetic route for plant 

development by lateral meristems. Micropropagation through meristem culture is 

possible means of virus elimination and produces a large numbers of plants in short span 

of time. The dependence of cultured node explants on bud initiation and shoot 

multiplication has already be established for many plant species. This has also been 

reported in the case of micropropagation of other Dioscorea sp. such as Dioscorea 

abyssinica (Martine & Cappadocia, 1991), Dioscorea batatas (Koda & Kikuta, 1991), 

Dioscorea composite (Alizadeh et al., 1998), Dioscorea floribunda (Sengupta et al., 

1984), Dioscorea oppositifolia (Behera et al., 2009), Dioscorea rotundata (Adeniyi et al., 

2008; Anike et al., 2012) and Dioscorea wightii (Mahesh et al., 2010). Although in the 

present study, leaf and stem explants did not produce any shoots in all media tested, leaf 

and stem cannot be excluded as a promising explants for micropropagation of Dioscorea 

alata.  With the right combination and types of plant growth regulators used, leaf and 

stem explants can be exploited to regenerate shoots. Kohmura et al. (1995) managed to 

obtain shoots from young leaf explants of Dioscorea opposita and Vianna & Mantell, 

(1989) able to induce shoot formation from callus derived stem explant in Dioscorea 

composita.  

 

In the present study, lower number of shoots (4.33±0.20) was observed from node 

explants cultured on MS basal medium. Behera et al. (2010), working on the same species 

found that culture medium without plant growth regulator failed to stimulate the axillary 
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bud initiation response in the cultured explants even when the cultures were maintained 

beyond the normal observation periods. However, in several species of Dioscorea, node 

cultures in MS medium without growth regulators had been reported to be an efficient 

way for shoot multiplication. For example, Chen et al. (2003) successfully induced 74.1 

% shoots formation from node explants of Dioscorea zingiberensis cultured on MS basal 

medium without plant growth regulator.  

 

From the results in Table 4.2, it was obvious that shoot formation was affected by the 

concentrations and combinations of BAP and NAA in the medium. NAA at high 

concentration (1.5, 2.0 and 3.0 mg/l) in the medium mostly inhibited formation of shoots 

from node explants. NAA concentration less than 1.0 mg/l had a positive but not 

significant effect on shoot formation compared to control (MS basal medium). Similar 

response to NAA treatment was observed in Dioscorea zingiberensis (Chen et al., 2003). 

The average number of shoot formation was lower than control. Almost no shoot 

formation was detected in MS media fortified with high concentration of auxin. However, 

this result was contradict to Das et al. (2013) who found that additional of auxin (2.0 mg/l 

IAA) alone was effective in axillary bud proliferation and shoot formation of Dioscorea 

alata. Additional of BAP at different concentrations into MS basal medium showed 

significantly impressive response. Of the concentration tested, 1.0 mg/l BAP produced 

better result with 22. 00 ± 0.43 average number of shoot formation. Average number of 

shoot formation gradually decreased with the increase of BAP concentration more than 

1.0 mg/l BAP. Similar observation was detected in Dioscorea nipponica (Chen et al., 

2007), on media containing only BAP, the rate of shoot induction increased with 

increasing plant growth regulator concentration then dropped as the BAP become 

superoptimal. 
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It is observed that cytokinin required in optimal quantity for shoot proliferation in 

many genotypes but addition of low concentration of auxins along with cytokinin 

triggered shoot proliferation (Sengupta et al., 1984). This is in agreement with 

observation in the present study. Additional of 0.5 and 1.0 mg/l NAA (auxin) into MS 

media supplemented with BAP (cytokinins) promoted higher number of shoots formation 

(Table 4.2). The highest average number of shoot formation, 23.07±0.44 was detected in 

MS medium supplemented with 1.0 mg/l BAP and 0.5 mg/l NAA. Similar observation 

was reported in Spathiphyllum floribundam (Ramirez-Magon et al., 2001) and Hovenia 

dulcis nodal culture (Echeverrigaray et al., 1998).  Similarly Shin et al. (2004) reported 

that the combination and interaction of BAP and NAA played important role for in vitro 

propagation of node explant for multiple shoot induction. MS medium supplemented with 

1.0 mg/l NAA and 0.5-1.0 mg/l BAP was the best concentration for multiple shoot bud 

induction in Dioscorea opposita.  

 

Organogenesis leads to root formation or to the production of unipolar adventitious 

bud, which develop into shoots that have to be rooted for plantlet formation (Schumann 

et al., 1995). Production of plantlets with profuse rooting in vitro is important for 

successful establishment of regenerated plants in soil (Ohyama, 1970). The response and 

development of rooting from Dioscorea alata shoots when subcultured in root induction 

media were presented in Table 3.3. The results showed, explants successfully produced 

roots in all media tested including MS basal medium (Figure 4.3). An average of roots 

(6.63±0.61) were obtained from explants cultured on MS medium without plant growth 

regulator. Similarly, Poornima & Ravishankar (2007), obtained roots from Dioscorea 

oppositifolia and Dioscorea pentaphylla cultured on MS basal medium. However, the 

current result was contradictory to Das et al. (2013) who found that shoots cultured on 

MS medium without hormonal supplementation were unable to produce roots and in some 

shoots rooting was observed but in very negligible amount.  
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Explants cultured in MS media supplemented with BAP applied singly at all 

concentration produced low number of roots compared to control. The increases of BAP 

concentration decreased the average number of root formation. The lowest average 

number of root formation, (1.57±0.21) was observed when shoots were cultured on MS 

medium supplemented with 2.0 mg/l BAP.  However, rooting was better in the culture 

media which had combination of BAP and NAA. High number of root formation 

(17.27±0.61) was observed in MS medium supplemented with 2.0 mg/l NAA and 0.5 

mg/l BAP. Similarly, Belarmini & Rosario, (1991) observed 2.0 mg/l NAA in 

combination with 0.5 mg/l BAP produced better rooting in Dioscorea esculenta. 

 

In the present study, NAA applied singly gave better results for root formation. 

Increase in NAA concentration increased the average number of root formation. NAA at 

higher concentration (1.5 and 2.0 mg/l) was the best for inducing root formation. Root 

formation was the highest, (17.40±0.58) in MS medium supplemented with 2.0 mg/l 

NAA. This observation is in accordance with the result of Behera et al. (2010) in 

Dioscorea alata and Chen et al. (2003) in Dioscorea zingiberenensis, except they were 

using half strength MS. Behera et al. (2009) also reported that MS supplemented with 2.0 

mg/l NAA was found to be the best for root formation. Poornima & Ravishankar (2007) 

obtained efficient number of roots formation in MS medium supplemented with 2.67 µM 

NAA. 

 

Apart from microshoots and root, formation of microtubers was also observed in the 

current study. Complete vigorous plantlets with fibrous roots (Figure 4.3) were 

transferred into microtubers induction media. Plantlets for microtubers induction were 

maintained in culture room at 16 hours light and 8 hours dark. Jean & Cappodial (1991) 

indicated that 16 and 24 hours of photoperiods was favourable to produce highest number 

of microtubers whereas 8 hours photoperiod was effective for larger microtubers. In this 
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study 30g of sucrose was used in microtuberization media. According to Behera et al. 

(2009) the highest number of microtubers were obtained on MS medium supplemented 

with 30g/l sucrose. 

 

In the present study, microtubers generally originated from the axils of basal nodes 

below the surface of tuberization medium. Microtubers were formed from complete 

plantlets after 6 months in culture. Microtubers were produced predominantly at basal 

nodal position on plantlets below culture medium. According to Mantel (1987), 

microtubers developed from primary nodal complexes (PNC). In the leaf axils of old 

nodes, there were two axillary buds and shoot primodium, which also later developed into 

axillary buds. A primary nodal complexes preceded by meristematic PNC-initial is 

developed at the base of the first form axillary bud. This PNC-initial has capacity for 

multiple bud production, roots and a tuberous storage organ (Wickham et al., 1982). Thus, 

after 8 to 10 months microtubers occasionally developed at nodal positions above culture 

media. The microtubers produced in the basal node above culture medium were small 

relative to the size of the basal tubers (Figure 4.4).  

 

The effect of different combinations and concentrations of plant growth regulators on 

microtuberization were identified. The percentage of plantlets produced microtubers, the 

number of microtubers per plantlet, their length and fresh weight varied according to the 

concentration of plant growth regulators. Data presented in Table 4.4 indicated that MS 

medium supplemented with 1.0 mg/l NAA and 1.0 mg/l BAP, was the best medium for 

microtubers formation with highest mean number of microtubers. According to Pan 

(2001), NAA could regulate not only vegetative growth but also organ growth whereas 

BAP facilitated cell division and sprouting. Chen et al. (2007) observed similar result, 

microtuber of Dioscorea  nipponica was obtained on MS media supplemented with BAP 

and NAA. Ng & Mantell (1996) found that NAA enhanced microtuber production in 
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Dioscorea rotundata. Chen et al. (2007) also stated that synergism of BAP and NAA in 

their proper concentration is extremely favourable for the tissue culture of Dioscorea 

nipponica.  

 

MS media supplemented with Kin (1.0-2.0 mg/l) have less number of microtubers 

formation compared to control. This is in agreement with the work of Mantel & Hugo 

(1989), who reported that Kin inhibited microtuber induction and growth. Comparatively, 

BAP is more effective than Kin. Indeed the percentage of plantlets produced microtubers 

with BAP at all concentrations were higher than that of Kin. With concentration of 1.0 

mg/l, high percentage of microtubers, 60.00±0.00 and 40.00±0.00 % were obtained, 

respectively with BAP and Kin. The same result were also reported on the same species 

by Fotso et al. (2013) but with higher percentage of microtubers formation (72.2%) in 

BAP then (12.1%) in Kin. Similar results were reported in different species of Dioscorea 

(Forsyth & Van Staden, 1984; Kadota & Nimii, 2004) where BAP was more effective 

than Kin for microtubers induction. 

 

In vitro tuberization or microtuberisation has been an effective mean for international 

germplasm distribution or exchange as well as for the propagation of planting materials.  

Microtubers may provide feasible alternatives to in vitro grown plantlets as a mean of 

germplasm exchange because they are more tolerant to light and temperature variation 

and less prone to damage than cultured shoots. Microtubers can be stored for long period 

without losing their viability and field establishment is relatively easy and inexpensive 

(Ng, 1988).  

 

Regeneration from microtubers was also observed in this study. Microtubers obtained 

were subcultured and induced to produce complete plantlets with shoot and root. The 

response of microtubers when cultured on MS media were presented in Table 4.5. Based 
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on the results, more than 50 % of microtubers managed to germinate in all media tested. 

This result was contradictory to tuber obtained from traditional planting which has a 

period of about four months after harvest known as dormancy during which tuber losses 

are incurred in storage but propagation of the planting materials would not be successful. 

Dormancy is widely assumed to start at or shortly after tuber maturation. Beside, various 

studies showed field tubers are dormant well before harvest (Craufurd et al., 2001). 

However, in the present study no dormancy was observed. Sprouting was detected after 

2 weeks of culture. Similar result was obtained by Ondo Ovono et al. (2010) where no 

dormancy was observed from in vitro derived microtubers of Dioscorea cayenensis-D. 

rotundata complex cultured. Alizadegh et al. (1998) also observed no dormancy period 

in Dioscorea composita microtubers. 

 

In the current work of microtubers germination, observation were made on the 

percentage of microtubers germinated, number of shoots and roots per plantlet. 

Microtubers were successfully germinated with shoot and root (Figure 4.5) in all 16 media 

tested included MS basal medium (control). A value of 66.67±0.09 % microtubers were 

successfully germinated in MS basal medium with an average number of shoots, 4.70 

±0.18 and roots, 1.70±0.11. The results obtained showed that, the highest percentage of 

microtubers differentiating into shoots was obtained on MS media supplemented with 

BAP and NAA. These results are similar to those reported by Fotso et al. (2013), 

combinations of BAP and NAA induced the highest percentage of microtubers producing 

shoots and the highest number of shoots per plantlet.  The fact that auxin and cytokinin 

must be combined to induce the proliferation of shoots in Dioscorea alata confirmed the 

complementary and synergistic actions of these plant growth regulators as had been 

shown in several species (Yam et al., 1990; Twyford & Mantell, 1996; Jackson 1999) 
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In chapter 4 section 4.2, callus induction and coloured callus induction of Dioscorea 

alata L. was investigated. Selection of appropriate explants is a critical step for callus 

induction for any plant species, particularly monocots where cells differentiate rapidly 

followed by the loss of mitotic and morphogenetic ability (Krishnaraj & Skirvin, 1995). 

In the present study, all the explants used, leaf, stem and node successfully produced 

purplish coloured callus after being cultured onto the media (Figure 4.6, 4.7, 4.8 and 4.9). 

From the observation, callus started to initiate from the excision side or cut surfaces of 

the explants and after some time the whole explants were covered with callus. According 

to Haberlandt (1902), induction of callus formation is due to interaction between wound 

hormones and other plant growth regulators present. Wounding can increase the uptake 

of nutrients and growth regulators from the media (Peirik & Steegmans, 1975). This occur 

because excision of explant would cause the destruction of the cells (Yeoman & Aitchison 

1977), elimination or reduction the anatomical barrier which would cause mechanical 

resistance, (Pierik, 1987) and rupturing of the epidermis upon wounding of the explant 

has exposed underlying tissue (Rahman & Punja, 2005) to the nutrient and growth 

regulators. It can be considered as a wound response from almost any part of the original 

plant, both from plant organs and from specific tissue types or cells (Collin & Edwards, 

1998). While, according to Thorpe (1980) and Wagley et al. (1987), formation of callus 

from explants tissues involved the development of progressively more random planes of 

cell division, less frequent specialization of cells and loss of organized structures. 

 

Table 4.6, 4.7 and 4.8 showed the effects of plant growth regulators on callus induction 

in leaf, stem and node explants. All types of plant growth regulators treatment (2,4-D 

alone, NAA alone, Kin alone, 2,4-D with BAP and NAA with BAP) were successful in 

showing different frequency of callusing. Higher percentage of explant producing callus 

was observed in MS medium supplemented with auxin (2,4-D and NAA) compared to 

callus formation in MS medium without plant growth regulator and MS media 
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supplemented with cytokinin (Kin) alone. Nodular, friable, soft (watery) callus structure 

and purplish white callus could be observed in the present work.  

 

Different auxin treatments significantly affected the number of explants that produced 

callus. More frequency of explants produce callus was observed in treatments with 2,4-D 

compared to NAA.  The higher percentage of explants produced callus was accomplished 

in MS medium supplemented with 2.0 mg/l 2,4-D compared to 2.0 mg/l NAA.  Generally, 

2,4-D is known to function in stimulating cellular activity and the formation of 

morphogenic callus (Trifonova et al., 2001). According to Da Silva et al. (2005), 2,4-D 

is the main synthetic auxin used to induce callogenesis, because one of its main 

chracteristic in the capacity to efficiently stimulate the cell division in tissue of several 

plants. 

 

Different types of explants respond differently to auxin treatment. Among the explants 

tested, node explants showed better response for callus induction compared to leaf and 

stem explants (Table 4.6, 4.7 and 4.8). For examples, on MS medium supplemented with 

2.0 mg/l BAP, the percentage of explant produced callus in node was 96.67±0.00 

compared to leaf, 93.33±0.05. Similar observation has been reported in Dioscorea 

rotundata (Manoharan et al., 2016). However, the percentage of stem explant produced 

callus as high as node explant (96.67±0.03). This result was supported by Nagasawa & 

Finer (1989) who found that stem segment of Dioscorea opposita were more responsive 

compared to node and leaf explants. 

 

Additional of cytokinin (BAP) to the callus induction medium showed positive effect 

on frequency of callus formation from all explants tested. The highest percentage of 

explants produced callus was obtained from node explants cultured on MS medium 

supplemented with 2.0 mg/l 2,4-D combined with 1.0 mg/l BAP. Combinations of 2,4-D 
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and BAP were more favourable than 2,4-D applied singly. However, BAP used as the 

sole regulator could not induce formation of callus. A similar phenomenon has been 

reported for Dioscorea zingiberensis (Shu et al., 2005).Two types of regeneration systems 

were tested for better callus production. Results in Table 4.4 indicated that liquid media 

was the best for coloured callus production in Dioscorea alata.  This might be due to 

better aeration produced in liquid media. 

 

During micropropagation process, the exudation of phenol is very common and is 

often influence the result of the experiment. The three explant types of Dioscorea alata 

showed darkening of the wounded tissues immediately after excision and exuded purplish 

brown substance into the culture media. The addition of activated charcoal in tissue 

culture media is a recognize practice and its influence in growth and development maybe 

attributed mainly to the adsorption of inhibitory substances  in the culture medium 

(Theander & Nelson, 1988; Weatherland et al., 1979), drastic decrease in the phenolic 

oxidation or brown exudate accumulation (Liu, 1993) alteration of medium pH to an 

optimum level for morphogenesis (Owen et al., 1991) and establishment of darkened 

environment in medium and hence stimulate soil conditions (Dumas & Monteuuis, 1995). 

Activated charcoal (AC) is composed of carbon arranged in a quasigraphitic form in small 

particle size. It is a porous and tasteless material and is distinguished from elementary 

carbon by removal of all noncarbon purities and the oxidation of carbon saurce. Activated 

charcoal has a very fine network of pores, an extraordinary large surface area and volume 

that gives it a unique adsorption capacity (Baker et al., 1992).  

 

In the present study, activated charcoal was added into the media because of its 

capability to absorb phenolic compounds that excreted from the cutting explants. The 

addition of 0.1 % activated charcoal effectively eliminated the accumulation of phenolic 

compounds in the media. No media browning and contamination were observed. Similar 
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result was obtained by Poornima & Ravishankar (2007), whereby, it was found that the 

additional of activated charcoal in the culture medium had successfully reduced phenolic 

exudation, and better growth response have been associated with addition of activated 

charcoal. According to Weatherhead et al. (1978), better growth responses of plant tissues 

have been associated with addition of activated charcoal as it removed inhibitory 

substances from the media.  

 

However, in this study, alongside with no phenolic compound secretion, no response 

of explants cultured on media supplemented with activated charcoal was observed. The 

highest frequency of callus formation, only 13% was observed in MS medium 

supplemented with 0.1 % activated charcoal and 2.0 mg/l 2,4-D with 1.0 mg/l BAP (Table 

4.10). This result was a contradict to some other researchers who worked on other 

Dioscorea species. Majority of the reports confirm the positive role of activated charcoal 

in medium promoting growth and development of plant tissues. For example, in 

Dioscorea fordii, additional of activated charcoal into the culture media managed to 

induce the formation of microtubers (Yan et al., 2011). Better rooting was observed in 

Dioscorea oppositifolia and Dioscorea pentaphylla when activated charcoal was added 

to the culture medium (Poornima & Ravishankar, 2007). 

  

Even though the effect of activated charcoal on plant growth regulators uptake is still 

unclear, some researchers believed that activated charcoal may gradually release certain 

adsorbed products, such as nutrients and plant growth regulators in addition to the release 

of substances naturally present in activated charcoal which promote plant growth 

(Johansson & Eriksson, 1977; Johansson et al., 1990). However, according to Han et al. 

(2005), activated charcoal adsorb not only inhibitory substances accumulating in the 

culture medium but also auxin and cytokinin present in the media. Activated charcoal has 

certain preference for polar rather than apolar organics (Thomas, 2008). Similarly greater 
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absorptive capacity towards aromatic products like phenolics and their oxidates, auxin 

(IAA, NAA, IBA), cytokinin (BAP. Kin, Zeatin) and other plant growth regulators than 

olefinic unsaturation product. In the present study, the facts that initiated media for callus 

induction was supplemented with auxin and cytokinin, might be the reason why there 

were no or less response of explants cultured after additional of activated charcoal.   

 

The current results suggested that the treatment with activated charcoal almost 

inhibited callogenesis response in Dioscorea alata, attributing to the absorption of growth 

regulators (2,4-D and BAP) by activated charcoal from the medium. These results were 

supported by Anna et al. (2007) who observed similar inhibitory impact of activated 

charcoal on callus formation in Melaleuca alternifolia and Lu et at. (2002) working on 

Morus latifolia. The difficulty in using activated charcoal in medium is that in addition 

to adsorbing unwanted substances, it may also adsorb needed plant growth regulators 

(Ebert et al., 1993; Nissen & Sutter, 1990), vitamins (Weatherhead et al., 1978; Pan & 

van Staden, 1998) or metal ions such as Cu+2 and Zn+2 (Van Winkle et al., 2003). 

 

Myo-inositol is a small molecule that is important in many different developmental 

and physiological processes in plant cells. Myo-inositol participates in the 

phosphatidylinositol signaling pathway, auxin storage and transport, phytic acid 

biosynthesis and cell wall biosynthesis. Myo-inositol is included in most tissue culture 

media, as its addition is believed to improve plant regeneration, although the basis for its 

requirement is unknown; equally unknown is why in some cultures do not require myo-

inositol or produce excess inositol. According to Hrib et al. (1997), cultured cells may or 

may not require exogenous myo-inositol, depending on their differentiation stages.  

 

In the current study, results indicated that there was no significant difference for all 

the treatments, in term of percentage of explants producing callus (Table 4.11). However 
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maximum callus growth was obtained in culture medium supplemented with additional 

myo-inositol.   Node explants cultured in MS medium supplemented with 2.0 mg/l 2,4-D 

and 1.0 mg/l BAP added with 0.5 mg/l myo-inositol was the best condition for optimum 

callus production. The results of this study showed that myo-inositol is of vital importance 

for growth and maintenance of callus. This result was supported by Wenxing Ye et al. 

(2016) who did research on ‘Transcriptomic profiling analysis of Arabidopsis thaliana 

treated with exogenous myo-inositol’. According to their findings, the expression of gene 

AtMIOX2 was also upregulated in root and callus of myo-inositol treatment. They also 

found that exogenous myo-inositol could reduce cell death and maintained normal cell 

growth and development. 

 

Callus initiation was observed earlier on MS media supplemented with myo-inositol. 

Callus growth rate was slow without myo-inositol treatment. Exogenous myo-inositol 

also affect nutrients absorption. Wood & Braun (1961) showed that the synthesis of myo-

inositol can be initiated or inhibited by merely changing the inorganic constituent of the 

growth medium. Increasing levels of myo-inositol promote rapid callus formation and 

callus growth. Same result was reported by Karl & Lidjia (1977), normal green ash callus 

tissue grew exponentially on medium containing myo-inositol and no callus observed on 

a medium lacking myo-inositol. The above observations suggest that cells require myo-

inositol, which may be taken up from the medium or it may be synthesized by the myo-

inositol-1-phosphate synthase.  

 

Although plant cells take up and subsequent metabolize myo-inositol, when these cell 

are deprived of myo-inositol there is often no deleterious effect. This is because plant cell 

have the capacity to synthesize myo-inositol from D-glucose (Loewus & Kelly, 1962) via 

the enzyme L-myo-inositol 1-phosphate synthase, which utilized D-glucose 6-phosphate 

as substrate (Funkhouser & Loewus, 1975; Loewus & Loewus, 1983).  To reduce the 
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level of endogenous myo-inositol it may not be sufficient solely to remove the 

extracellular myo-inositol but de novo synthesis of myo-inositol may also need to be 

inhibited. Donahua et al. (2010) suggested exogenous myo-inositol could rescue 

spontaneous cell death and lesions on leaves in Arabidopsis atmis1 mutant. 

 

Light is a very important physical factor for callus induction, cell growth and 

production of plant secondary metabolites. Light controls plant growth and development 

mainly in two ways: photosynthesis and photomorphogenesis. Under normal tissue 

culture condition, callus culture are known to develop chloroplast in the light, carry out 

photosynthesis and evolve oxygen (Bergmann et al., 1966; Neumann et al., 1973). 

However, the presence of sucrose in the culture medium inhibits both chlorophyll 

synthesis and carbon fixation in callus culture (Seibert et al., 1980). Thus, callus are not 

photosynthetically efficient and generally not autotrophic.  

 

Production of coloured callus also influenced by light. However, the degree responses 

to light is depend on cell types and plant species. In Dioscorea alata, percentage of 

explants produced callus was found to be independent from the various time of light 

exposure. Explants managed to produce callus in all treatments, no significant difference 

observed on average callus formation frequency (Table 4.12) but explants cultured under 

light condition gave slightly larger average size in callus than those cultured under dark 

condition as observed generally in the current work. In the present study, though light has 

no effect on frequency of callus formation, however different colours of callus were 

obtained from different photoperiod exposed (Figure 4.10). 

 

 A number of researchers mentioned light had significant effect on callus growth and 

morphogenesis, the inhibition of axillary shoot proliferation and the induction of specific 

enzyme activity that is linked with the formation of some flavonoid glycoside secondary 
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product (George et al., 2008) such as anthocyanin. It is well known that anthocyanin 

properties including colour expression are highly influenced by anthocyanin structure, 

light and pH. Triggering of anthocyanin synthesis by light has been demonstrated in callus 

from several plant species (Strickland et al., 1972). Further experiments of anthocyanin 

content in coloured callus exposed to light at different photoperiod were discussed in 

Chapter 4 section 4.6.3. 

 

Callus can be induced for organogenesis and somatic embryogenesis pathways.  

Somatic embryogenesis is a multi-step regeneration process starting with the formation 

of proembryogenic masses, followed by somatic embryo formation, maturation, 

desiccation and plant regeneration (Von Arnold et al., 2002). This process is the best 

exemplifies the concept of totipotency, that all normal living cells possess the potential 

to regenerate the entire organism. Somatic embryo can provide a useful model to study 

embryo development in plant (Zimmerman, 1993). Once the induction of an embryogenic 

state is complete, the mechanisms of pattern formation that lead to the zygotic embryo 

are common to all other form of embryogenesis (Mordhorst et al., 1997). Thus, somatic 

and zygotic embryos share similar gross ontogenies, with typically passing through 

globular, heart shape and torpedo shape stages in dicots or globular scutellar (trasition) 

and coleoptilar stages in monocots (Gray et al., 1995; Toonen & de Vries, 1996).  

 

Somatic embryogenesis is a very valuable tool for achieving a wide range of 

objectives, from basic biochemical, physiological and morphological studies, to the 

development of technologies with a high degree of practical applications (Victor, 2001). 

According to Haccius (1978), somatic embryogenesis has been considered to be a distinct 

developmental pathway different from shoot or root organogenesis, in which a single cell 

gives rise to a structure containing bipolar meristem and with no direct vascular 

connection to the maternal tissue. The mass propagation of plants through multiplication 
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of embryogenic propagules is the most commercially attractive application of somatic 

embryogenesis (Merkle et al., 1990). Somatic embryogenesis potentially offers a 

promising system for plant regeneration because of the high proliferation capacity and 

the probable single cell origin, which may avoid the risk of chimeric plants and facilitate 

the application for mutant selection and recombinant DNA technology (Luo et al., 1999; 

Ponsamuel et al., 1996; Roberts et al., 1995; Stefaniak, 1994).  

 

Thus in chapter 4 section 4.3, experiments on production of embryogenic callus and 

formation of somatic embryos were conducted. The choice of explants has a great impact 

on the callus induction and success of somatic embryo formation. According to Thorpe, 

(1995), the relative responsiveness of various immature tissues seems to be species-

specific. For example, cotyledons were more embryogenic than hypocotyls in cucumber 

(Chee, 1990) while in cotton hypocotyls produced more embryos than seeds or cotyledons 

(Trolinder & Chen, 1989). Research has been done to observe embryogenic response 

among young tissue (Punja et al., 1990; Chee, 1990), mature vegetative tissue (Willian & 

Maheswaran, 1986) and floral tissue (Carman, 1990). According to Carman (1990), floral 

tissue (ovaries, pedicels, peduncles, buds and inflorescences) may be embryogenic 

because of their developmental proximity to embryogenesis in vivo.  

 

For Dioscorea sp, explant such as axillary bud (Manoharan et al., 2016), node segment 

(Belarmino & Gonzales, 2008), root segment (Twyford & Mantell, 1996), stem segment 

(Nagasawa & Finer, 1989) and zygotic embryos (Osifo, 1988) have been demonstrated 

to induce somatic embryo formation. Based on these earlier reports and observations 

made in Chapter 4 section 4.2, node segment was utilized as the explant for embryogenic 

callus induction and somatic embryo formation in Dioscorea alata L. From the 

observation, among the three types of explant (leaf, stem and node) used, the node explant 

produced more purplish nodular embryogenic callus in shorter time (2 weeks). In contrast, 
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stem explant take longer time (5 weeks) to form callus and leaf explant produced purplish 

soft fine non-embryogenic callus that were highly vacuolated. 

 

In the present study, node explant was cultured on MS media supplemented with 0.5 

to 3.0 mg/l NAA and 0.5 to 3.0 mg/l 2,4-D  to induce embryogenic callus formation. 

Results showed that high percentage of explants produced callus were detected in all 

media tested, except in MS devoid auxin. No callus formation was observed. Low 

concentration of NAA (0.5 mg/l) was the least favourable NAA concentration for callus 

formation.  However, NAA at medium concentrations (2.0 and 2.5 mg/l) are the best for 

callus formation with 90.00 % explants produced callus (Table 4.13).  

 

Culture media composition is very important to induce embryogenic callus. Results 

obtained in the present study of Dioscorea alata showed, medium concentrations of auxin 

was essential to enhance embryogenic callus production with 2,4-D significantly better 

than NAA. Luo et al. (1999) reported similar observation, induction of embryogenic 

callus was usually promoted by a relatively high concentration of auxins especially 2, 4-

D.  According to Van der Valk et al. (1992), 2,4-D was predominantly used for the 

induction of embryogenic callus in monocotyledonous plants. Similar results also 

reported by Nagarajan et al. (1986), Meijer & Brown (1987), Nolan et al. (1989), Shri & 

Daris (1992), Carman (1990) and Ammirato (1987). 

 

The callus obtained from node explants was further tested for their embryogenic nature 

by using double staining technique (Gupta & Durzan, 1987) and observed under a light 

microscope. Observation under a light microscope, proved that purplish white callus 

obtained from node explants was embryogenic callus. Embryogenic callus cells were 

stained red with acetocarmine consists of large nuclei and dense cytoplasm (Figure 4.13a 
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and Figure 4.13b) while non-embryogenic callus cells were stained blue with Evan’s blue 

and have very small nuclei (Figure 4.13c).  

 

Embryogenic callus would develop into somatic embryos under suitable conditions. In 

order to stimulate somatic embryo development, embryogenic callus obtained from node 

explants were then transferred onto MS media supplemented with NAA alone, 2,4-D 

alone, BAP alone, NAA combined with BAP and 2,4-D combined with BAP prepared in 

solid and liquid media. In the present study, the transfer of embryogenic callus to somatic 

embryogenic induction media, successfully induced the formation and maturation of 

somatic embryos. After subculture, some of the callus become compact, globular and turn 

white with a little brown indicating they were embryogenic in nature. The non-

embryogenic callus remained friable throughout the culture. 

 

When the callus obtained were transferred to somatic embryogenesis induction media, 

internal cell divisions led to the formation of proembryo (Figure 4.11 and 4.12), distinct 

from each other in the callus at the beginning of the developmental phase of somatic 

embryos. Somatic embryos were easily dislodged from each other and the parent callus. 

According to Hicks (1980) in somatic embryogenesis, a plant with both roots and shoots 

axes arises from actively dividing cells, but does not form any direct vascular connections 

with the original tissue, while in organogenesis vascular system of shoots and roots are 

often connected to the parent tissue. This probably indicates the single cell origin of 

embryos. Unicellular origin of somatic embryogenesis obtained in the present study may 

allow the production of non-chimeric plants of Dioscorea alata. 

 

After 2 months in culture, round structure of globular stage could be observed (Figure 

4.14) and subsequently developed into scutellar and then coleoptilar stages (Figure 4.15). 

Based on Figure 4.16, asynchronous somatic embryos formation and development were 
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observed in this species. Different stages of somatic embryo development could be 

observed within the same treatment and replication unit. Asynchronous was observed also 

in somatic embryogenesis callus culture of Kampung Royal Poinciana (Myers & 

Vendrame, 2004), Astragalus adsurgens Pall (Luo et al., 1999), Azadirachta indica A. 

Juss (Medha et al., 1993) and Dioscorea composita and Dioscorea cayenensis (Viana & 

Mantell, 1989). 

 

Many factors including choice of growth regulators, choice of explants and culture 

medium composition are responsible for successful of somatic embryogenesis. Based on 

Table 4.14, results indicated that embryogenic callus subcultured in liquid media 

produced more number of somatic embryos compared to solid media with the same plant 

growth regulator treatment. Liquid medium seems to be more effective which could be 

due to better aeration. Many researchers utilized liquid suspension culture for rapid 

development of somatic embryos. Winkelmann et al. (1998) and Hohe et al. (2001) used 

cell suspension culture for large scale production of Cyclamen somatic embryos. 

Atanassov & Brown (1984) and Mc Kersie et al. (1989) used suspension cultures to 

induce somatic embryos from Medicago sativa L.  

 

Plant growth regulators have profoundly influenced the embryogenesis process in 

plant species and suitable medium composition should be worked out for embryo 

induction, development, maturation and conversion. In the present study, no further 

growth observed from embryogenic callus subcultured onto MS basal medium. 

Embryogenic callus were observed dehydrated after 2 weeks in the medium. These results 

were in contrast with many herbaceous monocots species such as cucumber (Raharjo & 

Punja, 1994), melon (Gray et al., 1993), squash (Chee, 1992) and strawberry (Wang et 

al., 1984). According to their report, embryogenic callus subsequently gave rise to 

somatic embryos when growth regulators were removed. However, according to 
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Laksmanan & Taji (2000), the removal of plant growth regulators could be critical for 

somatic embryo differentiation and maturation. This finding was in agreement with the 

results of this study. 

 

No somatic embryo formation was observed on MS media devoid of auxin (Table 

4.14). MS media supplemented with auxin showed better response for somatic embryos 

formation with 2,4-D better than NAA at the same concentration. Auxin plays a critical 

role in the reactivation of the cell cycle and the initiation of the reactivation of the cell 

cycle and the initiation of the embryo formation. According to Feher et al. (2003), auxins 

are considered a major factor evoking embryogenic competence in somatic tissues to 

induce somatic embryogenesis. Application of high concentration of 2,4-D in the culture 

medium itself is a stress signal, since embryogenic induction requires the use of a 

physiological auxin concentration that inhibit callus growth.  

 

In the present study, MS medium supplemented with BAP at concentration of 0.5 to 

2.0 mg/l in the medium had inhibited the formation of callus in Dioscorea alata. 

However, addition of 2,4-D into the media at concentrations of 0.5 to 2.0 mg/l 

successfully produced more somatic embryos comparable to embryo produced in MS 

supplemented with 2,4-D alone. MS medium supplemented with 2.0 mg/l 2-4,D and 1.0 

mg/l BAP produced the highest average number of somatic embryos, (23.27 ± 0.14). This 

results showed that, combination of auxin and cyctokinin played an important role in 

somatic embryos production of Dioscorea alata L. Similar result was observed by Ntui 

et al. (2010) where in Digitaria exilis, somatic embryogenesis was observed higher in 

medium containing 2,4-D supplemented with BAP compared to medium supplemented 

with 2,4-D alone This observation was in agreement with Trinh et al. (1998) who found 

that MS supplemented with 2,4-D and BAP promoted and enhanced embryogenic callus 

production and subsequent embryo differentiation in Medicado truncatula. Similar needs 
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for somatic embryo formation also reported for other species such as Coffea canephora 

(Hatanaka et al., 1991), Coronilla varia (Moyer & Gustine, 1984), Eleusina caracana 

(Eapen & George, 1989) and Thevetia peruviana (Kumar, 1992). 

 

Somatic embryos were transferred to germination media to encourage embryos 

maturation and germination. The embryos at globular stages underwent sequential 

development stages then germinated one month after transferred in germination media. 

The first sign of somatic embryo maturation was the formation of cotyledonary collar. 

Hook type of germination was observed from the cotyledonary collar. Tiny leaves like 

hook started to emerge from the opening of the collar (Figure 4.17). The present results 

are in agreement with previous reports described for somatic embryogenesis in Dioscorea 

sp. Twyford & Mantel (1996) also observed the cotyledonary collar and hook type of 

germination in Dioscorea alata. Ammirato (1984), observed the formation of 

cotyledonary collar surrounding the first leaf primodium in each somatic embryo in 

Dioscorea floribunda. Monoharan et al. (2016) observed cotyledonary collar, fan-shaped 

and hook types of germination in Dioscorea rotundata. 

 

Several concentrations and combinations of plant growth regulators were tested for 

somatic embryos maturation and germination in Dioscorea alata L. In the present study, 

the embryos were successfully germinated on MS medium without growth hormone. MS 

medium without growth regulators is a typical medium for somatic embryo maturation 

and germination in many plants includes Dioscoreacea, Dioscorea alata (Belarmino & 

Gonzales, 2008), Dioscorea rotundata (Monoharan et al., 2016), Dioscorea opposita 

(Nagasawa & Finer, 1989) and other monocots species like Sporobolus virginicus (Straub 

et al., 1992), Scirpus robustus (Wang et al., 2004). However, the germination rate was 

low (23.33±0.08) in MS medium without growth hormone due to slow embryos 

maturation development. Somatic embryos showed weak growth with small number of 
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shoots formation (7.00±0.31). These observations also in agreement with those obtained 

by Belarmino & Gonzales (2008). Wang et al. (2004) obtained the same result when 

germinated somatic embryos of monocot Scirpus robustus in MS medium, weak shoot 

growth with both small shoots numbers and shoots no more than 1 cm in height was 

obtained.   

 

Hence, BAP was added into the germination media for better germination rate. Based 

on results in Table 4.15 addition of BAP in the media, improved the overall germination 

of somatic embryos. Higher percentage of germination was observed in all media fortified 

with BAP singly at all concentrations compared to in MS basal medium. The highest 

percentage, (60.00±0.09) of embryos germination was observed on MS medium 

supplemented with 1.0 mg/l BAP. The stimulation of germination by BAP also reported 

in other Dioscorea sp. Nagasawa & Finer (1989) found that 50 % of the total embryos 

germinated on MS medium supplemented with 3.0mg/l BAP. Wang et al. (2004), 

observed increasing of shoot formation in Scirpus robustus from 8 to 35 number of shoots.  

 

In the present study, additional of NAA to the BAP supplemented media significantly 

decreased the percentage of embryos germination and number of generated shoots and 

roots. This result was contradictory to those obtained by Medha et al. (1993), where they 

manage to germinate and enlarged 60 to 70% of somatic embryos of neem on MS medium 

containing 2.0 mg/l BAP and 0.5 mg/l IAA after 20 to 30 days. Formation of roots was 

detected from globular stage of somatic embryos on MS media supplemented with BAP 

in combination with NAA (Figure 4.18), however low number of roots formation was 

observed. Usually, shoot were regenerated from somatic embryos. 

 

Another method of micropropagation is synthetic seeds production. Hence, Chapter 4 

section 4.4 discussed the production of synthetic seeds from Dioscorea alata L. 
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propagules. There is currently much interest in creating synthetic seeds possessing outer 

protective coatings, thereby bestowing the vegetative tissues with the storage and 

handling qualities of natural seed. Synthetic seed technology could be useful in 

conservation of clonal germplasm of elite and endangered plants in near future, with 

development of appropriate storage technique (Niino & Sakai, 1992; Na & Kondo, 1996). 

In addition, synthetic seed technology could be the exchange of axenic plant material 

between laboratories (Piccioni & Standardi, 1995; Ara et al., 1999). 

 

Murashige (1977) was the first to propose the idea of synthetic seed by encapsulated 

somatic embryos. Four delivery systems have been proposed. 1) fluid drilling of somatic 

embryos, 2) encapsulation of somatic embryos in an alginate gel, 3) desiccation of 

somatic embryos and 4) desiccation of encapsulated somatic embryos using water resin. 

However, there were several limitations in the production of synthetic by encapsulated 

somatic embryos. The lack of synchrony of somatic embryos is perhaps the major 

restriction in the development of synthetic seed. Synthetic seed technology requires the 

large numbers of high quality somatic embryos with synchronous maturation. The 

production of synthetic seed by encapsulating vegetative parts such as shoot tips, shoot 

primordial or axillary buds had been used in recent years are more suitable alternative to 

somatic embryos. Therefore, in this experiment, encapsulation of vegetative parts such as 

shoot tips, node and stem segments in alginate gel solution were carried out.  

 

Alginate is frequently selected as an encapsulation matrix for synthetic seed 

technology because of its moderate viscosity and low spin ability of solution, low toxicity 

for propagules (shoot tips, nodes and stems) and quick gelation, low cost and bio-

compatibility characteristics. In the present experiment, alginate was chosen because it 

enhanced capsule formation and also the rigidity of alginate beads provided better 

protection to the encased propagules against mechanical injury. The major principle 
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involves in the alginate encapsulation process is that the sodium alginate droplets 

containing the explants, when drop into the Calcium chloride dehydrate (CaCl2.2H2O) 

solution form firm and round beads due to ion exchange between the Na+ in Sodium 

alginate with  Ca2+ in Calcium chloride dehydrate solution. The hardness or rigidity of the 

capsule mainly depends upon the number of sodium ions exchange with calcium ions. 

Hence, the concentration of the two gelling agents and complexation time should be 

optimized for the formation of the capsule with optimum bead hardness and rigidity.  

 

In the current work, four concentrations of Sodium alginate (2, 3, 4 and 5 %) and four 

concentration of Calcium chloride dehydrate (25, 50, 75 and 100 mM) were tested for 

ideal bead formation with 30 min complexation time. The effect of different 

concentrations of Sodium alginate and Calcium chloride dehydrate on synthetic seeds 

formation was presented in Table 4.16. It was found that 3.0 % Sodium alginate 

complexation with 75 and 100 mM Calcium chloride dehydrate gave optimal bead 

hardness and rigidity for the production of viable synthetic seeds (Figure 4.19). This 

particular results obtained maybe due to an optimal ion exchange between Na+ and Ca2+. 

This result is in agreement with many other reports on synthetic seed production such as 

African violet (Daud et al., 2008), and Brassica oleracea (Poon et al., 2012). At lower 

concentration (2.0 %) sodium alginate solution became unsuitable for encapsulation 

possibly because of a reduction in its gelling ability following exposure to high 

temperature during autoclaving (Larking et al., 1988). At a higher concentration of 

sodium alginate solution (5.0 %), beads were isodiametric but hard enough to cause 

considerably delay in sprouting. Similar observations were also made in Solanum 

tuberosum (Sarkar & Naik, 1997) and Withania somnifera (Singh et al., 2006). 

 

 Synthetic seeds were inoculated on MS basal media solid and liquid for germination 

(Figure 4.20). Sprouting of synthetic seeds were observed from all the three types 
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encapsulated propagules in both liquid and solid media.  However, of the two media tested 

for conversion (ability of synthetic seeds to grow into a plantlets), best response for both 

shoot and roots emergence was recorded from encapsulated propagules in MS liquid 

medium. Similar observation was also made in Psidium guajava (Rai et al., 2008). 

Synthetic seed germinated on MS liquid media, could break the bead earlier than synthetic 

seed germinated in MS solid medium, however, significant delay in conversion was 

observed from synthetic seeds germinated in liquid media.  

 

 Based on results in Tables 4.17, 4.18 and 4.19, same percentage of germination rate 

was observed in synthetic seeds cultured on solid or liquid media. The comparison of 

solid and liquid media in this experiment showed, that the two culture systems did not 

differ regarding the germination rate. However, it can be explained by the length of the 

culture period. In this experiment, synthetic seed cultured in solid media take longer time 

to germinate compared to synthetic seeds cultured in liquid media. This point the fact that 

liquid cultures result in much faster growth, but the germination potential is the same as 

for the cultures on solid medium. 

 

Tables 4.17, 4.18 and 4.19 also showed that, synthetic seeds sprouting was affected by 

propagules type. Encapsulated shoot tips and node segments germinated earlier and the 

frequency of germination was also higher in all treatments compared to encapsulated 

stems. According to Ballester et al. (1997) shoot tip explants were more responsive than 

other non-embryogenic propagules because of greater mitotic activity in the meristem.  

Encapsulated node explants also germinated earlier than stem explants probably because 

node segments contained the axillary buds (existing meristems) for shoot tips formation.  

 

From Tables 4.17, 4.18 and 4.19, it was observed that concentrations of sodium 

alginate solution and calcium chloride solution can influence the frequency of synthetic 
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seeds germination. Explants encapsulated with lower concentrations of sodium alginate 

solution and calcium chloride solution (2% sodium alginate and 25, 50, 75 and 100 mM 

Calcium chloride dehydrate, 3% sodium alginate and 25, 50 mM Calcium chloride 

solution and 4% sodium alginate and 25 mM Calcium chloride solution) managed to 

germinate earlier than explants encapsulated with higher concentration. Although, these 

synthetic seed germinated earlier, it was difficult to handle and the shape was not 

favourable. It was concluded that these concentration of sodium alginate solution and 

calcium chloride solution was not suitable for synthetic seeds formation for Dioscorea 

alata. 

 

Encapsulated explants with 3% sodium alginate hardened in 100 mM calcium chloride 

dehydrate was chosen as the best encapsulation medium from previous experiment with 

optimal bead hardness and rigidity for the production of viable synthetic seeds. Cracking 

of beads was first observed with outgrowth of shoot from shoot tip explants encapsulated 

with 3% sodium alginate and 100 mM calcium chloride dehydrate after 7 days in culture 

followed with node propagules, 10 days after cultured.  Figure 4.21 showed the 

development of synthetic seeds (encapsulated node propagules) of Dioscorea alata into 

complete plantlets. One step germination i.e both shoot and root formation were detected. 

Encapsulated stems started to germinate after 14 days in culture without shoot or root 

emergence. Formation of purplish white callus was detected.  

 

 Shoot tips, node and stem propagules have no seed coats and endosperms that provide 

protection and nutrition in developing seeds. Therefore, addition of nutrient and plant 

growth regulators to the encapsulation matrix is desired, which serves as an artificial 

endosperm. Tables 4.20, 4.21 and 4.22 showed the additional of 1.0 mg/l BAP singly and 

1.0 mg/l BAP combined with 2.0 mg/l 2,4-D to the encapsulation matrix resulted in 

increase the efficiency of germination and viability of synthetic seeds. Encapsulated shoot 
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tips, node segments and stems manage to germinate earlier in culture media with plant 

growth regulators compared to encapsulated propagules in sodium alginate without plant 

growth regulator. Node segments encapsulated with 3.0 % sodium alginate supplemented 

with 1.0 mg/l BAP and 1.0 mg/l BAP combination with 2.0 mg/l 2,4-D, germinated 3 

days earlier compared to node segments encapsulated with 3.0 % sodium alginate without 

plant growth regulator (Table 4.20). Similar observations were recorded for encapsulated 

shoot tips (Table 4.21) and stem (Table 4.22) propagules.  

 

 Higher germination rate was also observed from propagules encapsulated with sodium 

alginate solution supplemented with plant growth regulators. The percentage of 

germination also increased with the addition of plant growth regulators into the 

encapsulation media. Encapsulated shoot tips with plant growth regulators successfully 

germinated a higher rate (96.67 ± 0.03 %) compared to 90.00 ± 0.06 % in control 

(encapsulated shoot tips without plant growth regulators). 100 ± 0.00 % of encapsulated 

node segments managed to germinate in liquid and solid MS media while, 56.67 ± 0.09 

% encapsulated stem explant with 3% Sodium alginate hardened in 75 mM Calcium 

chloride dehydrate supplemented with 1.0 mg/l BAP singly or in combination with 2.0 

mg/l 2,4-D and 53.33 ± 0.09 % encapsulated shoot tips with 3% Sodium alginate hardened 

in 100 mM Calcium chloride dehydrate successfully germinated compared to 46.67 ± 

0.09a % in control. The same percentage of germination rate was observed from synthetic 

seeds cultured on solid or liquid media.  

 

 A desirable feature of the synthetic seeds is their ability to retain viability in terms of 

germination potential even after a considerable period of storage. Low temperature and 

high humidity were essential conditions for retention of viability and thus for storage of 

encapsulated propagules. Earlier, low temperature storage of encapsulated propagules has 

been demonstrated by several researcher (Naik & Chand, 2006; Rai et al., 2008). 
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Therefore, in the present study, encapsulated shoot tips, node segments and stem explants 

were stored at 4.0 ºC and their germination potential were observed. The effect of storage 

periods on germination of synthetic seed is presented in Table 4.23. A decreasing of 

germination rate was observed from synthetic seeds of Dioscorea alata stored at 4.0 ºC. 

The results showed, the number of synthetic seeds germinated and percentage of 

germination were decreased with time prolong in the cold storage.  

 

The longer duration of cold storage of synthetic seeds caused significant reduction in 

plantlets recovery. In the present study, the viability of synthetic seeds had fallen 

drastically from 100% to 3.33% after 30 days of storage. Similarly, Naik & Chand (2006) 

observed the conversion frequency of encapsulated node segments of Punica granatum 

also declined markedly following storage at low temperature. The declined in the 

regeneration frequency among the stored encapsulated propagules might be due to the 

inhibited respiration of plant tissue by the alginate coating and accumulation of metabolite 

waste in the alginate capsules during the long storage.  

 

After 45 days at low temperature storage, synthetic seed of Dioscorea alata lost their 

viability completely. It is assumed that any rate of decline in the germination frequency 

observed among encapsulated propagules stored at low temperature may have resulted 

because of inhibited respiration of plant tissue perhaps due to alginate cover (Redenbaugh 

et al., 1987) and oxygen deficiencies in the calcium alginate bead (Redenbaugh et al., 

1991). Similar result also observed by Rai et al. (2008) in conversion frequency of 

encapsulated shoot tips of Psidium guajava. However, this result was contradict from 

conversion frequency of synthetic seeds of mulberry (Patnaik et al., 1995) strawberry and 

raspberry (Lisek & Orlikowska, 2004), low temperature (4.0 ºC) was found to be a good 

storage temperature. 
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 The results of the present study clearly showed that the low temperature storage (4.0 

± 1 ºC) was less appropriate technique for synthetic seed of Dioscorea alata.  Therefore, 

further experiments for the development of the better technique is required. For example, 

the used of in vitro storage under minimal growth condition. Through this technique, slow 

growth was induced by halving of the nutrient supply like synthetic seeds were cultured 

on sucrose lacking medium or removal of exogenous plant plant growth regulators. 

Several researchers have successfully demonstrated the use of minimal growth media for 

slow growth treatments for the conservation of germplasm. In vitro storage through 

minimal growth is now routinely used for conversion of several plant species like banana, 

potato and cassava (Ashmore, 1997). 

  

Tissue culture was considered successful when plantlets obtained were successfully 

acclimatized to the natural environment (ex vitro). Thus, in Chapter 4 section 4.5, 

acclimatization of Dioscorea alata plantlets to the greenhouse was carried out. Growth 

substrates play as a crucial factor in acclimatization process. Substrates with greater 

nutrient levels would promote Dioscorea alata growth in terms of shoot, root and tuber 

vigorously. In order to establish the optimum growth of plantlets transferred, four 

substrates, which were Black soil, Red soil, Vermicompost and Culite were analyzed to 

determine their nutrient contents. The suitable substrate as sowing medium for Dioscorea 

alata acclimatization were decided from the soil content analysis. 

 

The data on chemical and fertility properties of the substrates tested were presented in 

Table 4.24. The pH of a soil is among the most important soil characteristics for crop 

production. The pH of a soil is a measure of the activity of hydrogen (H+) ions in the soil 

solution usually obtained by shaking soil with distilled water. The pH of the soil 

influences plant growth by controlling the nutrient availability. The optimum pH required 

for Dioscorea sp. growth are from 6.0 to 8.0. Based on results obtained in Table 7.1, the 
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pH of four types of sowing media were between 7.0 to 8.0 which was suitable for 

Dioscorea alata growth. Dioscorea sp. tolerates fairly wide variation in soil pH, though 

very acid soils should be avoided. Lower pH can cause toxic to plants by damaging the 

root tips and interfere the uptake of essential nutrient such as calcium. As soils become 

increasingly acidic, important nutrients like phosphorus become less available to plants. 

Other elements, like aluminum, become more available and may actually become toxic 

to the plant, resulting in reduced crop yields.  

 

The exchangeable cation is defined as interchange between a cation on the surface of 

negatively charged particles such as humus and fine clay mineral in the soil. For acidic 

soil solution, concentration of H+ and Al3+ are high and this ions dominate the absorption 

of cations (absorption of H+). For natural and alkaline soil solution, both H+ and Al3+ are 

low and Ca2+ and Mg2+ are higher cause lower the absorption of H+. This indicates that 

the amount of basic cation that occupies the cation exchange site divided by Cation 

exchange capacity (CEC). The increase of pH value is dependent on the saturation of 

base.  

Cation exchange capacity (CEC) is the capacity of the substrate to hold cations in soil 

particles surfaces. CEC was calculated from the analysis results of potassium (% K), 

calcium (% Ca), magnesium (% Mg), sodium (% Na) and Buffer pH (% H). CEC was 

effected by the soil clay and organic matter content, so CEC can be considered 

as a generalized indicator of the soil texture. The value of CEC was different among the 

four types of sowing media. Black soil and Red soil typical texture were loamy soils with 

CEC 15.57 meq/100g and 15.03 meq/100 g, respectively. Culite typical texture was clay 

soil with CEC 33.55 meq/100g. High CEC, 88.77 meq/100 g was observed from 

Vermicompost. Generally, extremely heavy clay soil was not recommended as sowing 

media for Dioscorea sp. as they restricted the tubers growth and harvested. It is reported 
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that yam is well grown and highly harvested for tubers in sandy loam or loamy soils than 

sandy or clayey soils (Cho et al., 1995; Park et al., 2000).  

 

Potassium (K) is one of the most abundant elements in soil. K is an essential element 

that associate with water movement, nutrient and carbohydrate in plant tissues. K has 

several important functions in the plant growth, such as stimulates early growth of 

vegetative and increase the protein production. K also can improve the efficiency of water 

use and improve the level of resistance to diseases and insect attacked. Based on Table 

4.24, Black soil contained high potassium with 0.85 meq/100g. Calcium (Ca) is one of 

the elements that is constituent of the cell wall and apparently influences its elasticity. It 

also involved in cell division in meristematic tissue and play important role in enzymatic 

and hormonal process. Culite contained the highest Ca (12.27 meq/100g) and Black soil 

possessed the lowest Ca (0.32 meq/100g). Magnesium (Mg) is an important element 

constituent of chlorophyll and hence play important role in photosynthesis process. Red 

soil was detected with the lowest Mg content (0.28 meq/100g). Sodium (Na) may indicate 

potential for soil structure breakdown and water percolation problem. Black soil (0.11 

meq/100g), Red soil (0.06 meq/100g) and Culite (0.34 meq/100g) showed very low 

sodium hazard. Vermicompost with high Na (6.21 meq/100g) was low sodium hazard. 

 

Percentage of Organic carbon is the measure of the percentage of total carbon‐

containing materials in a substrate. The organic matter content may affect certain 

herbicide application rates and may affect fertilizer rate recommendations for nitrogen or 

sulfur. Vermicompost contained the highest percentage of organic carbon 21.19 %. Red 

soil contained the lowest percentage of organic carbon 0.36 %. Relatively high organic 

matter content of these sowing media allows for a high rate of nutrient release to the plant, 

and optimum water retention capacity. According to O’Sulllivan & Ernest (2008) 

Dioscorea sp. require a high level of natural soil fertility. Since soil organic matter plays 
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a fundamental role in yam productivity, which is not compensated in a soil with low 

organic content by the addition of inorganic fertilizers, all management practices that will 

favour the maintenance or buildup of soil organic content must be evaluated in yam 

production systems (Diby et al., 2009). 

 

Total Nitrogen measures the total amount of N present in the soil, much of which is 

held in organic matter and not immediately available to plants. Nitrogen (N) is known to 

be one of the most important single factors limiting the production of the Dioscorea 

species tubers (Aduayi & Okpon, 1980) but, recently, Diby et al. (2009) reported that 

potassium (K) may be more limiting to yam growth than N. Black soil, Red soil and Culite 

contained very low total N. Vermicompost showed high total N. Kayode (1985) reported 

that N at 35 kg ha-1 was optimum for successful production of Dioscorea alata that had 

been cultivated for two years. However, Amon & Adetunji (1970) recommended N rates 

of 25 to 56 kg ha-1. In potatoes, for example, a high level of nitrogen fertilization results 

in stronger development of shoots and a reduction of tuber yield due to a delay in tuber 

bulking and a smaller harvest index (Biemond & Vos, 1992), while on the other hand, K 

application improves the transfer of assimilates to the tubers (Marschner, 1995). For 

yams, Enyi (1972) observed that K application increased Dioscorea esculenta yield by 

increasing tuber bulking rate as well as bulking duration phase through induction of 

earlier tuber initiation.   

 

Most soil tests will measure the readily available Phosphorous (Available P) and some 

component of the phosphorous (organic/inorganic) which becomes available or may be 

available (Total P) when available P was depleted by plant uptake. From the results in 

Table 7.1, Black soil showed extremely low Available P (7.0) but high Total P (388). Red 

soil contained moderate Available P (150.0) and low Total P (107.0). Extremely low 

Available P (4.0) and moderate Total P (209.0) was detected in Vermicompost. In culite, 
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the Available P was moderate (197.0) and Total P was high (391.0). However, 

Phosphorus was not considered to be limiting as Dioscorea species have low 

requirements in P (O'Sullivan & Jenner, 2006; O'Sullivan & Ernest, 2008; Vander Zaag 

et al., 1980).  

 

Trace elements occur naturally in soils, some are essential micronutrients for plants 

and animals and are thus important for human health and food production. Trace elements 

were needed in small quantities by plants. At elevated levels all trace elements however, 

become potentially toxic. Although only required in small amounts, trace elements are 

essential for plant growth. Critical levels for trace elements will vary between soil types 

and plants. From the results in Table 4.24, all four types of sowing media tested showed 

the presence of trace elements such as Fe, Mn, Cu and Zn. Fe was needed in plant as a 

constituent of many compounds that regulated and promoted growth. Mn was the 

micronutrient that helping plant in photosynthesis.  Cu is an essential constituent of 

enzymes in plants and Zn helps in the production of a plant growth regulators responsible 

for stem elongation and leaf expansion. 

 

Dioscorea species requires high level of nutrient for growth (O’Sullivan & Ernest, 

2008). Nitrogen (N) and potassium (K) are largely stored by the tubers (Diby, 2005; 

O’Sullivan & Ernest, 2008) while the calcium (Ca) is mainly accumulated in the leaves 

and returns to the soil with dead leaves (Diby et al., 2009). A major constraint for 

enhancing yam productivity is low soil fertility, both in terms of macro and micronutrient 

deficiency (Osullivan & Ernest, 2007). This is because yams are high-nutrient-demanding 

species (Carsky, 2007), and when planted in low-fertility soils under subsistence yields 

are low (Diby et al., 2009). Therefore, the selection of a suitable substrate can be decisive 

for acclimatization.  Based on observations from soil chemical analysis, physical analysis 
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and soil texture, Black soil and Red soil was selected as the suitable sowing media for 

Diascorea alata plantlet acclimatization.  

 

In the present study, micropropagated plantlets with well-developed roots (Figure 

4.22) were transplanted to Black soil, Red soil and a combination of Black and Red soil 

at a ratio of 2 to 1 for plantlets acclimatization. Direct transfer of plantlets to ex vitro 

conditions, micropropagated plants are very susceptible to various stresses because they 

have not yet developed adequate patterns of resource allocation and morphological and 

physiological features required by the new environment (Chaves, 1994). Low 

photosynthesis rates (Grout & Aston, 1978; Cournac, et al., 1991) and the malfunctioning 

of the water housekeeping system (Capellades et al., 1990) are the two of the major 

constrains in tissue cultured plants. When plantlets are in culture, it only used a fraction 

of CO2 because it is constantly supplied with a carbon energy source, however when 

exposed to an in vivo environment it becomes autotrophic (Hoe, 1992). Plantlets are 

stressed because of the stomatal development are not complete. Besides suffer light stress 

(photoinhibition), plantlets also suffer water stress due to the differences between in vitro 

and ex vitro relative humidity. In in vitro environment the culture was supplied with high 

level of humidity but when plantlets were transferred to the greenhouse, the level of 

humidity was decreased because of direct light intensity.  

 

 Therefore, in this study, gradual decrease of relative humidity was done by keeping 

the plantlets in culture rooms at 25 ± 1 °C under 16 hours light and 8 hours dark for 4 

weeks, watered every day, covering the plantlets with transparent plastics with small 

holes and the plastic covered was stepwise opened (Figure 4.23). Razdan (1993) 

suggested by covering acclimatized plantlets with clean transparent plastic bags having 

small holes for air circulation, high humidity can be built up around transplanted plants. 

By this acclimatization process the in vitro plantlets features will slowly develop to the 
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level of intact plant. Kranz (1996) and Remigio et al. (2003) stated that high humidity 

often causes shoot elongation and increase fresh weight and leaf area. According to Ziv 

et al. (1992), the low relative humidity condition of the culture vessels is important in 

order to develop more vigorous plantlets structure and therefore, plantlets could adapt 

easily when transferred to the field.  

 

 The percentage of survival rate varied with type of substrates. The data recorded on 

the survival rates of the plantlets during acclimatization was presented in Table 4.25. A 

significant percentage of 93.33 ± 0.05 % was obtained with mixture of Black soil and Red 

soil while 83.33 ± 0.09 % of survival rate was observed from plantlets acclimatized in 

Black soil. The lowest survival rate (70.00 ± 0.09 %) was observed from plantlets 

acclimatized in Red soil. The highest percentage of survival rate was obtained from a 

mixture of black soil and red soil compared to only Black soil and only Red soil. This 

results might be due to the differences in soil properties. According to soil analysis, Red 

soil was a little bit sandy and typically indicates weathering and good drainage and the 

data clearly presented the greater fertility of the Black soils so a mixture of Black and 

Red soil might provide enough nutrients, good drainage and aeration system for the 

plantlets growth. Similar effect were observed in acclimatization of Dioscorea sp. 

(Behera, et al., 2010; Fotso et al., 2013;  Bazakana et al., 1999), a mixture of sandy soil 

produced better percentage of acclimatization. Da Silva et al. (2005) demonstrated that 

the greater the aeration the more efficient the survival and the higher the growth and 

vigour of the plant. Sink (1984) obtained similar results and he stated that retain water 

will deplete oxygen level in the soil and thus, this causes failure of the plant rooting 

system. Debergh et al. (1990) also stated that the soil should not be too wet and the 

exposure to higher light intensity should be gradual. The lower soil organic matter, clay 

and exchangeable bases explained the poorer growth of acclimatized Dioscorea alata in 

Red soil.  
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The percentage of survival rates of plantlets were declined in all treatments after 8 

weeks being acclimatized. This might be due to poor adaptation to high environmental 

temperature. However, only small percentage of decreasing was detected. As presented 

in Table 4.25, in the mixture of Black soil and Red soil, a decline of 3.0 % was observed 

with the current (8 weeks) percentage of 90.00 ± 0.06 %. It was still considered as great 

percentage of survival rate of Discorea sp. acclimatization.  Das et al. (2013) managed to 

acquire only 85 to 87 % of survival rates of Dioscorea alata after 8 weeks of hardening. 

Behera et al. (2010) successfully obtained the same result with current study that was 

90% survival rate after 4 weeks of being transferred. Black soil and Red soil showed 

percentage of acclimatization 73.33 ± 0.08 % and 56.67 ± 0.09 %, respectively.  

 

 A wide range of plant macromorphology such as plant height, number of leaves and 

number of node were observed from acclimatized plantlets compared to in vitro plantlets. 

The micropropagated plantlets grew normally without any morphological variation 

between the in vivo, in vitro and acclimatized plantlets. Table 4.26, presented the 

observations on macromorphological characteristics of in vitro grown and acclimatized 

plantlets of Dioscorea alata. Upon the addition of growth substrates, plantlets started to 

produce new shoots and roots. The plants grew well and attained 8-10 cm in height within 

4 weeks of transfer (Figure 4.24) and 15 to 16 cm after 8 weeks of transfer (Figure 4.25). 

The stem was herbaceous vine with internodes square in cross section, cylindrical and 

purple in colour. Stem started to twine along the stand prepared after 8 weeks of transfer. 

The same characteristic of stem was observed from intact or in vivo grown plant (Table 

4.1). Maintained the ovule, narrowly heart shape and colour, the size of leaves became 

bigger and the number of leaves also increased after 8 weeks of acclimatization. From the 

observation average number of nodes was the same as average number of leaves produced 

by plantlet. After 8 months of acclimatization, plants started to produce tubers. 
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Tubers of Dioscorea alata have vivid purple colour which are verified as anthocyanin 

pigment. Anthocyanins are natural, water soluble, nontoxic pigments that responsible for 

blue, red and purple colours of the fruits, vegetables, flowers, roots, tubers and other plant 

tissues. At the beginning, anthocyanin pigment was used for fabric dyes industry. More 

recently, with the advent of prepared and processed foods, the pigment have become 

increasingly popular as natural food colourant (Bridle & Timberlake, 1996) due to their 

attractive colours. Nowadays, there is considerable demand for the use of anthocyanin as 

natural colourant due to the increasing consumer preference for healthy foods and concern 

about the safety of synthetic colourant. Existing evidence indicates that the anthocyanin 

are not only non-toxic and non-mutagenic, but have positive therapeutic properties (Saija, 

1994). Dioscorea alata is a relevant source of natural pigment.  

 

In addition to their ability to provide vibrant purple colour, they are widely 

acknowledged as having significant health-giving properties such as an antioxidant, anti-

inflammatory, anti-ulcer and wound healing properties. Antioxidants are compounds that 

protect cells against the damaging effects of reactive oxygen species (ROS) such as 

singlet oxygen, superoxide, peroxyl radicals, and peroxy nitrite which result in oxidative 

stress leading to cellular damage. Oxidative metabolism is essential for the survival of 

cell. A side effect of this dependence is the production of free radicals and other reactive 

oxygen species that cause oxidative stress. However, oxidative stress initiated by free 

radicals that seek stability through electron pairing with biological molecules in healthy 

cells and cause protein and DNA damage along with lipid peroxidation often leads to 

irreversible imbalance in cellular organization which is a major problem of concern. 

These oxidative changes are implicated in the pathogenesis of various human diseases 

such as myocardial, cerebral ischemia, arteriosclerosis, diabetes, rheumatoid arthritis, 

inflammation, cancer initiation and aging process.  
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However, there are several limitations to the current supply of anthocyanin pigment 

from Dioscorea alata tubers. The factors that restrict rapid conventional propagation and 

economic exploitation of Dioscorea species include the absence of viable seeds, long 

period for obtaining usable tubers and phytosanitary problems (Bolagum et al., 2009; 

Tschannen et al., 2005). Tubers yield also drastically reduced by viral, fungal and 

nemathods infection. All of these factors affect the quality and quantity of tubers hence 

anthocyanin production. Therefore, the present study also focused on anthocyanin content 

from in vitro samples (callus and plantlets). Chapter 4 section 4.6 discussed experiments 

on anthocyanin production and accumulation of Dioscorea alata L. in in vivo and in vitro 

grown plants.   

 

The total anthocyanin content was estimated according to the spectrophotometric pH 

differential method by Gabriela et al. (2010) and Lee et al. (2005). The method can be 

used for the determination of total monomeric anthocyanin content based on structural 

change of the anthocyanin choromophore between pH 1 and pH 4.5. The concept of this 

method is determining the amount of anthocyanin present in a sample by measuring the 

change in absorbance at two different pH. This method has been used extensively by food 

technologist and horticulturist to assess the quality of fresh and processed fruits and 

vegetables (Lee et al., 2005). Wrolstad et al. (1995) stated that, the pH differential method 

has been described as fast and easy for quantitation of total monomeric anthocyanin. 

 

To calculate the total anthocyanin content, samples of Dioscorea alata were prepared 

at pH 1 by diluting the samples with 0.025 M potassium chloride buffer and pH 4.5 using 

0.4 M sodium acetate buffer. At pH 1, the extract from purple colour Dioscorea alata 

tuber become red and clear at pH 4.5 (Figure 4.26). The colour changes upon exposure to 

different pH, might be due to the change in the pigment’s structure. There are four major 

anthocyanin forms that exist in equilibrium; the red flavylium cation, blue quinonoidal 
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base, colourless carbinol pseudobase and colourless chalcone. According to Kohno et al. 

(2009) increasing of pH values could cause red flavylium cation to deprotonate easily to 

form the voilet quinonoidal base. Brouillard (1988) observed that as the pH is raised, 

kinetic and thermodynamic competition occurs between the hydration reaction on 

position two of the flavylium cation and the proton transfer reaction related to its acidic 

hydroxyl group. This shows that anthocyanin undergoing several reactions as the pigment 

is destroyed which affect the colour. 

 

 Spectrophotometric measurement carried out (Figure 4.27) clearly showed that the 

wavelength of maximum absorption for anthocyanin of Dioscorea alata was at 530 nm 

with absorbance value of 0.3802 in pH 1.0 potassium chloride buffer. Unlike pH 4.5, the 

curvature of pH 1.0 was more obvious in the visible region between 460 to 560 nm. There 

was almost no peak of absorbance for pH 4.5 as the absorption band increase very slightly 

between 530 to 550 nm. The pH differential method is based on the assumption that 

monomeric anthocyanin have little or no absorbance in pH 4.5 buffer and that polymeric 

or degraded anthocyanin will be absorbed at this pH. Although nearly all monomeric 

anthocyanins are in hemiketal form at pH 4.5, a small proportion are in the quinoidal form 

or the flavylium form, which will make a small contribution to the absorbance in pH 4.5 

buffer (Lee et al., 2005). 

  

Comparative study of anthocyanin content in in vivo and in vitro samples of Dioscorea 

alata was also carried out in the present study. Another interesting fact about tissue 

culture, its offers an opportunity to exploit the cell, tissue, organ or entire organism by 

growing them in vitro to get desired compounds. This is because plant cells are 

biosynthetically totipotent, which means that each cell in culture retains complete genetic 

information and hence is able to produce the range of chemicals found in the parent plant 

(Ramachandra & Ravishankar, 2002).  
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 The total monomeric anthocyanin content from in vivo (leaves and tubers) and in vitro 

(callus and plantlets) samples of Dioscorea alata were provided in Table 4.27. The total 

monomeric anthocyanin content was calculated as cyaniding-3-glucoside. Cyaniding-3-

glucoside was chosen because it is the most common anthocyanin in nature (Francis, 

1989) and several investigators have determined its extinction coefficient with values 

ranging from 18800 to 34300 L x mol-1 x cm-1 depending on the solvent and wavelength 

of the maximum absorbance. Absorbance of the mixture was measured at 530nm (𝜆vis – 

max of the pigment solution) and 700nm using a UV-Vis spectrophotometer.  

 

 The anthocyanin content in tubers was 341.99 ± 0.18 mg cya-3-glu / 100 g FW and 

leaves 247.92 ± 0.71 mg cya-3-glu / 100 g FW whilst in callus 295.21 ± 0.20 mg cya-3-

glu / 100 g FW and plantlets had a value of 175.25 ± 0.42 mg cya-3-glu / 100 g FW. The 

total monomeric anthocyanin content in tubers was higher than in leaves and from in vitro 

sample. For in vitro samples, callus and plantlets were initiated from shoot tip explants 

(develop into leaves). According to Matkowski (2008), in dedifferentiated cells, some 

biosynthetic potential typical for the developed organs from they were initiated can be 

conserved. This statement supported the current result, anthocyanin content in in vitro 

sample was lower than tuber sample.  Matkowski (2004) also found that in Pueraria 

lobata callus culture, the bioactive isoflavonoid content dependent on source organs. 

Therefore selection of the starting explants was very important in anthocyanin 

accumulation in in vitro culture. 

 

 However, the total monomeric anthocyanin in callus (in vitro sample) was higher than 

in leaves (in vivo sample). This result was supported by fact that the growth and 

development of plants is modulated by interaction between many endogenous factors, 

including plant growth and changes in the endogenous concentration of the PGRs and the 

tissue sensitivity in the various plant organs control a wide range of developmental 
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processes. The synthesis of anthocyanins is also suggested to be under hormonal control 

(Weiss et al., 1995; Peng et al., 2011; Nagira et al., 2006). In this recent study of 

anthocyanin content, culture media for in vitro regeneration was supplemented with BAP 

and 2,4-D. Fang et al. (1998), reported that BAP supplementation to the suspension 

culture of Vaccinium palahae in a concentration of 20 µM increased three times 

anthocyanin synthesis, and accelerated their production. Piazza et al. (2002) found that 

25 µM BAP enhanced the response to light in Zea mays, but was not sufficient to induce 

anthocyanin accumulation in darkness.  Anthocyanin synthesis can also be enhanced by 

exogenous 2,4-D. Bae et al. (2012) reported that 1.0 mg/l of 2.4-D resulted in the highest 

production of anthocyanin (26 times higher), as compared to the control transgenic root 

cultures of Raphanus sativus. Nakamura et al. (1998) stated that, low concentration of 

2.4-D in the medium enhanced both anthocyanin production and anthocyanin methylation 

in strawberry suspension culture.  

 

 For in vitro samples, anthocyanin content in callus was higher than those found in 

regenerated plantlets. According to Matkowski (2008), undifferentiated cell (callus) are 

able to accumulate great amounts of phenolic acid.  This result was in contrast with the 

finding if Kintzios et al. (2004), whereby a lower accumulation of rosmarinic acid of O. 

basilicum cell culture compared to in regenerated plantlets.  

 

Although the capability for the formation of anthocyanin is generally determined by 

hereditary factors, the amount of pigment produced is affected by numerous 

environmental factors such as nutrition and water availability, age of stock plant, 

temperature and light (Mancinelli et al., 1983; Rabino, 1977). Light influenced the 

synthesis of anthocyanin by regulating the level and activity of biosynthetic enzymes 

(Werner et al., 1998; John & Wesley, 1991). Light has been utilized to improve the 

efficiency of tissue culture system for many plants but there are insufficient researches 
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focused on the effect of light/dark cycle on callus formation and anthocyanin production. 

Determination of the sensitivity of explants produce callus towards light may result in 

better utilization of light as a regulator in coloured callus production.  

 

To compare the effects of light on anthocyanin content, light/dark cycle (photoperiods) 

were manipulated on coloured callus formation and anthocyanin production. Four 

different colours of callus (dark purple, reddish purple, purple, purplish white) were 

observed to form after 2 weeks incubation of callus cultures which maintained in the 

culture room at different photoperiods (24L/0D, 16L/8D, 12L/12D and 0L/24 D), 

respectively. Pigments selectively absorb and reflect specific wavelengths of light, thus 

giving the pigment its distinctive colour. After 8 weeks of culture, the purple pigment 

become more visible and anthocyanin accumulation were comparable among the 

treatments. The coloured callus extracted with 97% ethanol were diluted in pH 1.0 and 

pH 4.5 buffers (Figure 4.28) before subjected to UV-VIS spectrophotometry. At pH 1.0, 

the purple colour of extract solution became red and at pH 4.5, the purple colour became 

clear. According to Lee et al. (2005), monomeric anthocyanin undergo a reversible 

structural transformation as a function of pH, coloured oxinium form at pH 1.0 and 

colourless hemiketal form at pH 4.5. 

 

Figure 4.29 showed spectral characteristic of crude anthocyanin extracts. In the visible 

region between wavelength 450 to 570 nm, the curvature of anthocyanin extract in pH 

1.0 was more obvious compared to in pH 4.5. There was almost no absorption peak for 

pH 4.5 as the absorbance reading slightly increased between 530 to 550 nm. 

Spectrophotometric analysis clearly showed that the maximum absorption for the 

anthocyanin was 0.3802 at 530 nm in pH 1.0. Based on Figure 4.29, total monomeric 

anthocyanin was calculated using spectrophotometric pH differential method.  
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Table 4.28 presented anthocyanin content of Dioscorea alata coloured callus which 

exposed to different photoperiods. The result showed callus exposed to different 

photoperiods produced different amount of anthocyanin content. The highest anthocyanin 

content was 295.21 ± 0.20 mg cya-3-glu / 100 g FW detected in coloured callus 

maintained at 16L/8D photoperiod. The lowest anthocyanin content, 90.35 ± 0.32 mg 

cya-3-glu / 100 g FW was observed from callus exposed to dark environment. These 

results indicated that light have influenced the level anthocyanin production. Light has 

been found to affect the synthesis of anthocyanin by influencing the level and activity of 

biosynthetic enzymes (Werner et al., 1998; John & Wesley, 1991). The biosynthesis of 

anthocyanin is controlled by genes, such as phenylalanine ammonialyase (PAL), chalcone 

synthase (CHS), flavanone 3-hydroxylase (F3H), anthocyanidine synthase (ANS), 

dyhydroflavono-4-reductase (DFR) and UDP-glycose flavonoid glycosil transferase 

(UFGT). Phenylalanine ammonia lyase (PAL) and the enzymes that convert cinnamate to 

p-coumaroyl-CoA are rapidly induced with light, hence promoting the synthesis of 

anthocyanins (Giovanni et al., 2011).  

 

In Perilla frutescens cell suspension culture, light had been observed to be a positive 

regulator for anthocyanin biosynthesis with a 1.6 g/l anthocyanin yield was obtained 

(Zhong et al., 1993). Anthocyanin accumulation was enhanced by 13.2 fold reported 

when maintained under continuous light irradiation in methyl jasmonate elicited Vitis 

vinifera (Zhang et al., 2003). Blando et al. (2005) reported, in cultured cherry Prunus 

cerasus callus and suspension, the light exposure caused the rapid change of the tissue 

colour from white to purple. This observation was in agreement with the current study, 

whereby whitish coloured callus was obtained from explants cultured and maintained in 

the dark. 
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In the present study, light was the crucial factor that affect the accumulation of 

anthocyanin in callus. From the results in Table 4.28, the longer the light exposure the 

more amount of anthocyanin was detected. However, the amount of anthocyanin content 

was lower, 245.46 ± 0.13 mg cya-3-glu / 100 g FW from callus exposed at photoperiod 

24L/0D compared to callus exposed to photoperiod of 16L/8D. This result suggested that 

other than 24 hours light supply, light/dark cycle or photoperiod was important in 

anthocyanin accumulation in callus culture of Dioscorea alata. Neyland et al. (1963) 

supported the current result by stated that leaves and stems of Kalanchoe blossfeldiana 

accumulated significant amounts of anthocyanins as a consequence of photo-periodic 

response. How & Smith (2003) also found similar result where the highest yield of 

anthocyanin in Ajuga reptens callus obtained on 16L/8D treatment. 

 

Other than anthocyanin accumulation, the recent study also focused on production of 

phenolic acid and flavonoids in in vitro culture. Phenolic compounds, widely existing in 

plants are important for their contribution to colour, sensory attributes and food nutrition.  

Anthocyanin represent a group of water soluble phenolic compound responsible for the 

blue, purple and red of many fruits and vegetables. Phenolic acids and flavonoids are 2 

major polyphenolic compounds that can be attributed to the antioxidant capacity in plants. 

Phenolic compounds are reported to have multiple biological effects including 

antioxidant activity, antitumor, antimutagenic and antibacterial properties. Kirakosyan et 

al. (2003) reported that phenolic compounds in plant possess antioxidant activity and may 

help protect cells against the oxidative damage caused by free radical. 

 

In the present study, total phenolic and flavonoid content from in vitro sample (callus) 

was calculated and compared with total phenolic and flavonoid found in in vivo sample 

(tuber). Different bioactive compounds were detected in in vitro cultures especially callus 

culture such as flavonoids (Maneechai et al., 2012), cardenolides (Sahin et al., 2013) and 
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phenolic acids (Szopa et al., 2014). Numerous alkaloids, saponins, cardenolides, 

anthraquinones, polyphenols and terpenes have been reported from in vitro cultures and 

reviewed several times (Misawa, 1994; Verpoorte et al., 2002; Vanisree & Tsay, 2004).  

 

As shown in Table 4.29, in vivo and in vitro samples of Dioscorea alata contained 

both phenolic compounds and flavonoids. The total phenolic content of in vivo sample 

was 73 mg 100 g-1 and in vitro sample was 52 mg 100 g-1. While total flavonoids of in 

vivo sample was 48 mg 100 g-1 and in vitro sample was 21mg 100 g-1. As shown in Table 

4.29, the concentration of total phenolic and flavonoid content were significantly higher 

in in vivo samples compared to in vitro samples. These could partly be due to the 

differences in samples used, maturity and other growing conditions. Callus extracts were 

used as in vitro sample.  According to Ramachandra & Ravishankar (2002) production of 

secondary metabolites in plants generally higher in differentiated tissues like shoots and 

roots, since these organ cultures are relatively more stable. 

 

Recent interest in these compounds had been stimulated by the potential health benefits 

arising from their antioxidant activities and free radical scavenging capacities in coronary 

heart disease and cancer (Yao et al., 2004). Phenol antioxidant index is a combine 

measure of the quality and quantity of antioxidant and is responsible for effective free 

radical scavenging and antioxidative action. The antioxidant capacity of phenolic 

compounds has long been accepted for their ability to scavenge radicals and strong chain-

breaking actions, thereby protecting cells against the detrimental effects of reactive 

oxygen species (Routray et al., 2013). Flavonoids are recognized for their high 

pharmacological activities as radical scavengers. Flavonoids are important secondary 

metabolites of plant modulating lipid peroxidation involved in antherogenesis, 

thrombosis, carcinogenesis, hepatotoxicity and a variety of disease conditions (Sakthidevi 

& Mohan, 2013).  
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Phenolic compounds and flavonoids are well known example of secondary metabolites 

with antimicrobial activity produced by plants. There are reports showing that alkaloids 

and flavonoids are responsible for the antifungal activities in higher plants (Cordell et al., 

2001). Besides, secondary metabolites such as tannins and other compounds of phenolic 

nature are also classified as active antimicrobial compounds. Nowadays, production of 

secondary metabolites and valuable compounds as well as antimicrobial agent from in 

vitro is preferred as an alternative to prevent devastation and extinction of plant species 

besides offers the enhancement of desirable compounds through modification of medium 

for regeneration. Interestingly, the current investigation of Dioscorea alata revealed that 

extracts from both in vivo and in vitro samples possess phenolic compound sand 

flavonoids. Therefore, current study (Chapter 4 section 4.7) of Dioscorea alata focused 

on evaluation of antimicrobial (antibacterial and antifungal) activity from in vivo (tubers) 

and in vitro (plantlet and callus) samples of Dioscorea alata L. using disk diffusion 

method.  

  

Disk diffusion method was used widely to investigate the antimicrobial activity of 

natural substances of plant extracts. Disk diffusion method offers many advantages like 

simplicity, low cost, the ability to test enormous number of microorganism, antimicrobial 

agent and the best to interpret results provided (Baloury et al., 2016). This method 

developed in 1940 (Heatley, 1944), was the official method used in many clinical 

microbiology susceptibility testing. Although not all fastidious bacteria can be tested 

accurately by this method, the standardization has been made to test certain fastidious 

bacteria pathogens like streptococci, H. influenze, N. gonorrhoeae and N. meningitides 

(CISI, 2012). In this procedure, agar plates were inoculated with a standardized inoculum 

of the test microorganism. Then, filter paper discs (6 mm), containing the test compound 

at a desired concentration were placed on the agar surface. Generally, antimicrobial 
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agents diffused into the agar and inhibits germination and growth of the test 

microorganism.   

 

Chloramphenicol and carbendazim were selected as the positive control for 

antibacterial and antifungal studies. Chloramphenicol is a broad-spectrum antibiotic that 

inhibit mitochondrial protein synthesis by hinders protein chain elongation by peptidyl 

transferase inhibition of bacterial ribosome. Chloramphenicol is active against a variety 

of organisms. Chloramphenicol was discovered after being isolated from Streptomyces 

venezualae in 1947 (Pongs, 1979). Chlorampheenicol is the most effective and medicines 

needed in a health system according to WHO list of essential medicines. Carbendazim is 

reported to interfere with mitosis and cell division in fungi. Carbendazim inhibits the 

aggregation of the spindle microtubules and disturbed the alignment of chromosoms in 

the central plate of fungal methaphase. Carbendazim, methyl 2-benzimidazole carbamate, 

is a systemic benzimidazole fungicide and used to control a broad range of diseases on 

arable crops, fruits, vegetables, ornamentals and medicinal herbs. It is also a main 

metabolic product of some other systemic fungicides, such as benomyl and 

thiophanatemethyl (Fleeker et al., 1974; Mongomery, 1997).  

 

 Extraction efficiency is affected by the chemical nature of phytochemicals, the 

extraction method used, sample particle size, the solvent used as well as the presence of 

interfering substances (Stalikas, 2007). The yield of the extraction depends on the solvent 

with varying polarity, pH, temperature, extraction time and composition of samples are 

known as the most important parameter (Do et al., 2014). In the present study, Dioscorea 

alata extracts were obtained by using water and ethanol. The common used reagent for 

isoflavone (antimicrobial) extraction was methanol. Although methanol was considered 

as a good solvent extraction, however it was toxic. Therefore, in this study for 

antimicrobial activity, ethanol and water were used as the extraction solvents. Ethanol has 
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been known as a good solvent for polyphenol extraction and is safe for human 

consumptions. According to Sartory & Grobbelaar (1984), ethanol was the best solvent 

extraction among the others which were used to extract pigments from freshwater 

phytoplankton. For extracting flavonoids from tea, aqueous ethanol performed better than 

aqueous methanol (Wang & Helliwell, 2001).  

 

Two gram-positive (S. aureus and S. epidermis) and two gram-negative (E. coli and 

Salmonella sp.) bacteria were used to screen antibacterial activity in Dioscorea alata. S. 

aureus, a phyrogenic bacterium is one of the most common gram-positive bacteria 

causing food poisoning, well known to play a significant role in invasive skin diseases 

including superficial and deep follicular lesions.  S. aureus was resistant to antibiotic 

methicillin. S. epidermidis, is the same genus with S. aureus. Several studies have 

identified S. epidermidis as a common colonizer of healthy human skin (Gao et al., 2007; 

Kloos & Musselwhite, 1975) and mouse skin (Grice et al., 2008). S. epidermidis strains 

are often resistant to antibiotics including methicillin, gentamycin and tetracyclin. E. coli 

is a gram negative bacteria, belonging to the normal flora and humans. However, an 

enterohemmoragic strain of E. coli has caused serious cases of food poisoning and 

preservative to eliminate its growth are needed. E. coli may also be the causative organism 

in appendicular abscess, peritonitis, cholecystitis and wound infections (Hugo, 1994). 

Salmonella sp. is known to infect a number of human and animal species.  

 

 The present study showed that ethanolic extract of Dioscorea alata exerts antibacterial 

activities. Negative control was run in parallel to ensure the inhibition could be properly 

attributed to the extract rather than ethanol solvent. In the present study, ethanol solvent 

showed antibacterial effect against S. aureus, S. epidermis, E. coli and Salmonella sp. 

Inhibition zones were observed. Although it is possible that the ethanol solvent was 

extracting antimicrobial compounds that are accounting for the large zone of inhibition 

Univ
ers

ity
 of

 M
ala

ya



 

184 
 

observed but it was not significant. Dioscorea alata sample extracts exhibited larger 

inhibition zone compared to ethanol solvent. However, the used of 95% ethanol must be 

cautioned due to the antibacterial activity of the control.   

 

 The growth inhibitory activities of ethanolic extracts of in vivo and in vitro samples of 

Dioscorea alata are summarized in Table 4.30. At the concentration of 20 µL both in vivo 

and in vitro samples showed higher diameter of inhibition zones compared to negative 

control. The ethanolic extract of in vivo (tubers) samples exhibited antimicrobial activity 

against S. aureus, S. epidermis, E. coli and Salmonella sp. showing zone of inhibition of 

18.33 ± 0.88 mm, 23.00 ± 1.73 mm, 12.00 ± 0.58 mm and 18.00 ± 1.00 mm respectively. 

Ethanolic extract of in vitro samples (plantlets) showed inhibition zones against S. aureus 

(10.00 ± 0.58 mm), S. epidermis (12.00 ± 1.52 mm), E. coli (12.33 ± 0.67 mm) and 

Salmonella sp. (10.33 ± 0.33 mm). Ethanolic extract of in vitro (callus) exhibited activity 

against S. aureus, S. epidermis, E. coli (Figure 4.30) and Salmonella sp. (Figure 4.31) 

with inhibition zone of 9.33 ± 0.67 mm, 10.67 ± 1.14 mm, 7.00 ± 0.58 mm and 10.00 ± 

1.00 mm, respectively.  

 

These results illustrated that the antibacterial activity and susceptibility test obtained 

in this study varied according to the parts of the plants used. Among the samples tested, 

tubers were very promising and showed significant inhibition against all tested bacterial. 

The growth of S. aureus, S. epidermis E.coli and Salmonella sp. were strongly inhibited 

by tuber extracts. Similar result was observed in Dioscorea deltoidea, tubers ethanolic 

and water extract have antibacterial effect against S. aureus, S. epidermis, E .coli and 

Salmonella sp. (Chandra et al., 2013). Other studies of Dioscorea sp. also showed 

significant antibacterial activity from tuber extracts. . Extracts from tubers of Dioscorea 

hirtiflora and Dioscorea dumetorum have bacterial effect against S. aureus and E.coli 

(Sonibare & Abegunde, 2012). Ethanolic extracts of Dioscorea pentaphylla tubers 
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showed remarkable antibacterial activities against S. aureus (Prakash & Hosetti, 2010). 

Dioscorea bulbifera tubers extract showed growth inhibition against E.coli (Kuete et al., 

2012). Plantlets and callus showed significant higher antibacterial activity compared to 

negative control.  

 

 In vivo and in vitro extracts showed moderate inhibition activity against E.coli. In 

general, the extract of plants are more effective against Gram-positive than Gram-

negative bacteria. According to Kumar et al. (2006), antibiotic substances appear to be 

more inhibitory to Gram-positive bacteria than to Gram-negative type. This tendency may 

be due to several  possible reasons such as permeability  barrier provided by presence of 

cell-wall with multilayer structure in Gram-negative bacteria or the membrane  

accumulate in mechanisms or presence of enzymes in periplasmic space which are able 

to breakdown foreign molecules induced from outside (Holetz et al., 2002; Abu-Shanab 

et al., 2004; Parekh & Chanda, 2007). The lipopolysaccharide layer along with the protein 

and phospholipids are the major components in the outer surfaces of Gram-negative 

bacteria (Burn, 1988). The lipopolysaccharide layer can hinder the access of most 

compounds to the peptidoglycan layer of the cell wall. This fact explains the resistance 

of Gram-negative bacteria to the lytic action of most extracts exhibiting activity. This 

present result therefore supports the fact the Gram-negative bacteria are more resistant 

than the Gram-positive bacteria. Several previous studies (Branter et al., 1996; Nostro et 

al., 2000; Ojala et al., 2000) reported that Gram-negative bacteria were not susceptible to 

plant extracts when compared to Gram-positive bacteria.  

 

 This is a sharp contrast to the obtained result for Salmonella sp. Although Salmonella 

sp. was Gram-negative bacteria, significant inhibition was observed when subjected to 

Dioscorea alata extract. These results were in contrast with those from previous 

screenings of medicinal plants for antimicrobial activity, where most of the active plants 
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showed activity against Gram-positive strains only (Rabe & Van Staden, 1997; Vlietinck 

et al., 1995).   

 

 The water extract from in vivo and in vitro samples of Dioscorea alata, effectively 

reduced the growth of all tested bacteria (Table 4.31). The water extract of in vivo (tubers) 

exhibited antimicrobial activity against gram-positive (S. aureus, S. epidermis) and gram-

negative (E. coli and Salmonella sp.) bacteria showing zone of inhibition of 18.33 ± 0.88 

mm, 23.00 ± 1.73 mm, 12.00 ± 0.58 mm and 18.00 ± 1.00 mm, respectively. Water extract 

of in vitro (callus) exhibited activity against S. aureus, S. epidermis, E. coli and 

Salmonella sp. with inhibition zone of 9.33 ± 0.67 mm, 10.67 ± 1.14 mm, 7.00 ± 0.58 mm 

and 10.00 ± 1.00 mm, respectively. Although S .aureas and S. epidermis belong to the 

same genus but their sensitivity to Dioscorea alata ethanolic extract was different. The 

difference between the inhibition zone of Dioscorea alata extracts against S. aureas and 

S.e pidermis showed that it has no selective effect on the genus Staphylococci. 

 

 The ethanolic and water extracts of Dioscorea alata showed different antibacterial 

activity. These results showed that the antibacterial activity and susceptibility test 

obtained in this study varied according to the extraction solvent used. Higher antibacterial 

activity was detected from ethanolic extracts against all bacteria tested, except E .coli for 

in vivo sample. For in vitro sample, ethanolic extract showed higher antibacterial activity 

against E. coli and S .aureus, and lower activity against S. epidermis, and Salmonella sp. 

compared to water extract. This observation was in agreement with the finding of Prakash 

& Hosetti (2010). Among all the tested extracts, ethanol proved to be the most potent 

bactericidal agent against all the strains as compared to other extracts. Similar result was 

also observed by Mello et al. (2010) whereby ethanol was more effective in extracting 

phenolic compounds than water and ethanol extract exhibited a higher antioxidant activity 

compared to the water extracts.  
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 Variation in antibacterial activity of ethanolic and water extracts may probably be due 

to the type of bioactive compounds present in the different extraction solvents as 

suggested by Abiodun et al. (2007). According to Gberikon et al. (2015) the 

phytochemical analyses, saponins, tannins, steroids, phlobatannins, alkaloids, 

anthraquinones, and flavonoids were present in highest concentration in ethanol extract 

than water extract. These groups of compounds form the active principles that confer 

antibacterial activity on the plant.   The water extract may either contain more non 

phenolic compounds or possess phenolic compounds that contain a smaller number of 

active groups than ethanol.  

 

The antifungal activity was assayed against four filamentous fungi, which were 

Penicillium sp., A. niger, Fusarium sp. and Mucor sp. The activity was evaluated using 

the agar disk diffusion method by measuring the diameter of the growth inhibition zone. 

In recent years, pressure to reduce the use of synthetic antifungal or fungicides in 

agriculture has increased. Concern have been raised about both the environmental impact 

and the potential health risk related to the used of these compounds. Some fungi can 

produce mycotoxins that have dangerous effects on human, animal and plant that can 

result in illness, death and economic loses. A. niger produce potent mycotoxins on 

foodstuffs and is most prevalent fungus effecting corn (Marassas, 1991). Some members 

of Aspergillus and Fusarium genera are well known to produce aflatoxins. These 

secondary metabolites are potent carcinogens, hepatotoxinx, teratogens and 

inmunosuppresive compounds (Ciegler, 1975).  These fungi represent threats not only to 

the health of crops, but also to animals and humans ingesting contaminated feeds and 

foods (Quiroga et al., 2001). According to Aderiya (1996) the yam compounds were toxic 

to both vegetative and reproductive fungal structures in liquid media and on thin-layer 

chromatograms.  
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The ethanolic extract of in vivo (tubers) samples and in vitro samples (plantlets and 

callus) of Dioscorea alata subjected against A. niger, Fusarium sp., Mucor sp. and 

Penilcilium sp. were presented in Table 4.32. The analysis of crude extracts of Dioscorea 

alata showed inhibitory activity against fungi Penicillium sp. (Figure 4.35) and Mucor 

sp. (Figure 4.34). Ethanolic extract of tubers exhibited activity against Penicillium sp. and 

Mucor sp showing maximum zone of inhibition of 25.00 ± 1.15 mm and 10.33 ± 0.88 

mm respectively. Ethanolic extract of plantlets exhibited activity against Penicillium sp. 

and Mucor sp showing zone of inhibition of 15.67 ± 2.40 mm and 7.67 ± 0.67 mm 

respectively. Ethanolic extract of callus exhibited activity against Penicillium sp. and 

Mucor sp showing zone of inhibition of 8.00 ± 0.58 mm and 7.33 ± 0.33 mm, respectively. 

 

Results from Table 4.32 also showed that, ethanol (control negative) has no antifungal 

activity against Mucor sp. Extract from in vivo sample (tubers) and in vitro samples 

(plantlets and callus) inhibited mycelial growth of Mucor sp. and  Penicillium sp. 

Sensitivity of tested fungi to the callus extracts was not as high as tubers and plantlets 

ethanolic extract. It was clear from the data shown in Table 4.32 that tubers displayed the 

highest antifungal activity in Dioscorea alata. Other studies of Dioscorea sp. also showed 

that tubers exhibit high antifungal activity. Sonibare & Abegunde (2012) detected, extract 

from tubers of Dioscorea hirtiflora have antifungal effect against Penicillium sp.  

 

Ethanolic extract of Dioscorea alata (tubers, plantlets and callus) possess no activity 

against A. niger (Figure 4.32) and Fusarium sp. (Figure 4.33). The extracts did not inhibit 

the growth of A. niger and Fusarium sp., hence no visible zone of inhibition. In contrast, 

other reports showed that extract of Dioscorea sp. have significant activity against 

A.niger. Study by Sonibare & Abegunde (2012) showed Dioscorea hirtiflora and 

Dioscorea dumetorum have antifungal against A. niger but at high concentration of 

extraction, 50 mg/ml tubers extract of Dioscorea deltoidea have antifungal activity 
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against A. flavus and A. parasiticus, whilst 10 mg/ml have no effect (Chandra et al., 2013). 

Insufficient extract concentration from tubers, plantlets could callus may be the reason 

why no antifungal activity and no inhibition zone was observed in this study.  

 

The water extract of in vivo sample (tubers) and in vitro sample (callus) of Dioscorea 

alata subjected against A.niger, Fusarium sp., Mucor sp. and Penilcilium sp. were 

presented in Table 4.33. Tubers and callus water extracts did not show any significant 

antifungal activity against all the tested fungi. The water extract of Dioscorea alata 

produced no inhibitory effect on the tested microorganisms, hence no visible zone of 

inhibition. Similar result have been reported where water extract had low or no 

antimicrobial activity (De Las Llagas, 2014). On the contrary, other studies revealed that 

high concentration of plant water extraction showed antifungal activity against A. flavus 

and A. parasiticus (Chandra et al., 2013). Inadequate of extract concentration to inhibit 

the fungi growth, may be the reason there were no inhibition zone observed in the present 

study of water extraction.  

 

It was clear from the data shown that (Table 4.32), Dioscorea alata possess antifungal 

activity as shown in the current study. The ethanol extract showed the highest inhibitory 

effect on the test organisms while water extract did not inhibit any of the tested organisms. 

Differences in the extraction methods produced different type of chemical compounds. 

This fact enlightened the reason why in in vivo and in vitro water extracts there were no 

antifungal activity against Penicillium sp. and Mucor sp though ethanolic extract have. 

This is because ethanol extracted more phytochemicals that will inhibit growth of fungal 

as opposed to water solution. According to Dere et al. (1998), the differences in extraction 

rate and determination of the best solvent extraction might be influenced by different 

species or samples used. Despite these results, plant extracts obtained using organic 

solvents have limitations. The use of water as the extracting solvent is more favourable 
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than the use of organic solvents due to its environmental friendly and non-toxic 

characteristics. 

 

In the present study, most of the results showed higher antimicrobial (antibacterial and 

antifungal) activity in in vivo samples of Dioscorea alata compared to in vitro samples. 

Antimicrobial activity differed in the in vivo and in vitro samples extracts probably due 

to inherent characteristic of the fully grown plants and the maturity of its chemically 

active constituents.  Although the production of antimicrobial activity was lower in the in 

vitro samples, yet significant effect was observed and one of the in vitro ethanolic extract 

showed higher antibacterial effect against E.coli compared to in vivo extract. Grzegorczk 

et al. (2007) stated that, the compounds in in vitro plants had higher bioactivity than in in 

vivo plants.  

 

The results also showed that antimicrobial activity in in vivo and in vitro extracts was 

lower compare to positive control and higher compare to negative control. Among all the 

tested extracts, ethanolic tubers extract proved to be the most potent bactericidal agent 

against all the strains as compared to water extracts, but it is not up to the standard drug 

chloramphenicol and carbendazim. According to Rauha et al. (2000), plants extracts 

generally contained flavonoids in glycosidic form. This maybe the reason why the plant 

extracts did not produce as marked inhibition as many of the positive control.  

 

 Antimicrobial growth inhibition detected in this study were due to the release of 

diffusible inhibitory compounds from the sample extracts. Dioscorea alata possess 

several medicinally important metabolites like allantoin (Wang et al., 2013), dioscorin 

(Hsu et al., 2002; Huang et al., 2007), anthocyanin, alatanin C (Yoshida et al., 1991), 

steroids (Araghinikam et al., 1996), alkaloids and beta-sitosterol. Allantoin has 

multitudinous bio-functions such as enhancing the growth of skin cell, anti-ulcer 
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medicine, anti-inflammatory medicine and antioxidant. Dioscorin was shown to inhibit 

angiotensin converting enzyme (ACE) those might be a potential for hypertension 

control. There are reports showing that alkaloids and flavonoids are responsible for the 

antifungal activities in higher plants (Cordell et al., 2001). Beta-sitosterol is antifungal 

component obtained from peels of Dioscorea alata tubers. Several species of Dioscorea 

are amongst the principle sources of diosgenin, which can be converted to medicinally 

important steroids (Van Staden & Fowlds, 1992). Recently, isoquinoline and 

isoquinuclidine alkaloids with antimicrobial effect were isolated from Dioscorea 

dregeana (Mulholland et al., 2002). These compounds may also cause the inhibition of 

bacterial growth in the present study in Dioscorea alata. Therefore, the presence of these 

phytochemicals, could justify the observed antifungal activities in the current study.  

 

Interestingly, in the present study, antimicrobial agents present in in vivo sample 

(tubers) also detected in in vitro samples. This result confirms that, secondary metabolite 

produced in intact plants of Dioscorea alata also produced under in vitro conditions. 

According to Ramachandra & Ravishankar (2002), plant cells are biosynthetically 

totipotent, which means that each cell in culture retains complete genetic information, 

hence, is able to produce the range of chemicals found in the parent plants. Furthermore, 

manipulation of the culture environment such as culture media, nutrients levels, plant 

growth regulators, stress factors and light were able to stimulate formation, enhancement 

and accumulation of secondary metabolites in vitro. Fujita (1990) suggested that in vitro 

culture can be alternative methods for synthesis of secondary metabolites which are 

commercially essential for the production of drugs, flavours, perfumes and pigments that 

are often difficult to synthesize chemically.    
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CHAPTER 6: CONCLUSION 

 

Dioscorea alata L. is capable of producing bioactive compounds, which can play an 

important role in maintaining human health. However, seasonal and environmental 

variations, soil types and plant age associated with difficulties in the reproduction and 

propagation of this species which limits the availability of many bioactive compounds. 

Tissue culture offers an opportunity to exploit the cells, tissues, organs or entire organisms 

by growing them under in vitro conditions to mass propagate this plant and produce the 

chemical compounds desired. This is because plant cells are biosynthetically totipotent, 

which means that each cell in culture retains complete genetic information of the mother 

plant, hence the explant is able to regenerate into complete plantlets rely on the fact that 

many plant cells have the ability to regenerate into a whole plant. Besides, explants also 

able to produce the range of chemical compounds found in the mother plant as observed 

by many researchers, for example Ramachandra & Ravishankar (2002). Little studies 

concerning tissue culture has been done on Dioscorea alata, therefore, the present work 

reported in greater details on in vitro studies of Dioscorea alata together with other 

biotechnological studies, synthetic seeds, biological activities (antimicrobial) and 

secondary metabolite production in vitro. 

 

An efficient and reliable plant regeneration protocol was established for Dioscorea 

alata in the current work. The method developed using leaf, node and stem as the explants 

is simpler and more reliable since the vines are easily propagated in vitro all year round 

and hence there is no limitation of planting materials or explants. Node was the best 

explant for direct shoots and roots formation. MS medium supplemented with 1.0 mg/l 

BAP and 0.5 mg/l NAA was the optimum medium for shoots formation from node 

explants. Through tissue culture, Dioscorea alata can be mass propagated throughout the 

year, not depending on tubers only as planting materials.  
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Formation of microtubers from regenerated plantlets is an advantage. Microtubers 

contained same metabolite compounds as the mother plant and can serve as the planting 

materials. In this study it was demonstrated that the micropropagation of Dioscorea alata 

using microtubers is possible with no dormancy period was observed. Micrortubers 

germinated after 2 weeks in culture produced shoots and roots. Microtubers offer several 

advantages over in vitro regenerated plantlets, since they can be stored for a long period 

and transplanted directly into the field without acclimatization proses. The 

micropropagation technique described here may be highly useful for raising disease free 

quality planting materials of Dioscorea alata for commercial and off season cultivation 

which will help in reducing the quantity of ware tubers reserved for use as seed tuber. 

 

The present study also focused on callus production in Dioscore alata. All the explants 

used, leaf, node and stem were successfully induced to produce purplish coloured callus 

after being cultured onto callus induction media. Effects of plant growth regulators BAP 

and NAA, liquid or solid media, additional activated charcoal, additional myo-inositol 

and photoperiod were investigated on callus formation and proliferation. It was found that 

liquid media was the best for coloured callus production with better aeration. Activated 

charcoal is commonly used in tissue culture media. It is an essential component of many 

plant tissue culture media which prevents browning of cultured tissues and media by 

adsorption of toxic compounds like polyphenols released by cultured tissues. However, 

result from this current experiment showed that, activated charcoal did not only absorb 

phenolic compounds released from wounded explants but also absorb nutrients needed 

for callus formation in Dioscorea alata. Thus, applying activated charcoal in callus 

inducing media of Dioscorea alata are not so suitable although there is no harmful effect. 

In the current study, results indicated that there was no significant differences for all the 

treatments in term of percentage of explants produced callus. However, maximum callus 

growth was obtained on culture medium supplemented with additional myo-inositol.   
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Thus, MS supplemented with 2.0 mg/l 2,4-D and 0.5 mg/l myo-inositol cultured in liquid 

medium was the optimum medium for coloured callus induction. The current experiments 

demonstrated that light regime did not significantly influenced callus growth. However, 

different colours of callus were observed in different photoperiod treatment.  

 

A method for indirect plant regeneration through somatic embryos was also developed 

from node explants of Dioscorea alata. Recent study shows Dioscorea alata can be 

regenerated via somatic embrygenesis. Embryogenic callus formation was induced and 

differentiated from non embrogenic callus using Double staining technique. After that, 

embryogenic callus were subculture on somatic embryos induction media. The highest 

average number of somatic embryos (23.27 ± 0.14) was detected in MS medium 

supplemented with 2.0 mg/l 2-4,D and 1.0 mg/l BAP. The embryos at globular stages 

underwent sequential development stages then germinated one month after being 

transferred in germination media. The first sign of somatic embryo maturation was the 

formation of cotyledonary collar. Hook type of germination was observed from the 

cotyledonary collar. Tiny leaves like hook started to emerge from the opening of the 

collar. The highest percentage, (60.00±0.09) of embryos germination was observed on 

MS medium supplemented with 1.0 mg/l BAP. 

 

There is currently much interest in creating synthetic seeds possessing outer protective 

coatings, thereby bestowing the vegetative tissue with the storage and handling qualities 

of natural seeds.  Formation of synthetic seed in Dioscorea alata was achieved by 

complexation of a 3.0 % solution of sodium alginate with 100 mM calcium chloride for 

30 min thereby forming an insoluble gel matrix of calcium alginate. The current study 

confirms that this synthetic seed can be regenerated into complete plantlets. However, 

germination of synthetic seeds was influenced by several factors such as the type of 

propagules encapsulated, encapsulation matrix and germination media. Node segments 
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encapsulated with 3.0 % sodium alginate hardened in 75 and 100 mM Calcium chloride 

dehydrate fortified with 1.0 mg/l BAP singly and 1.0 mg/l BAP combination with 2.0 

mg/l 2,4-D is the optimum for synthetic seed production in Dioscorea alata with 100 ± 

0.00 % germination rate in liquid medium. 

 

Micropropagation of Dioscorea alata was considered successful only when the 

plantlets attained from tissue culture (in vitro environment) was transferred and survived 

in the natural or ex vitro environment.  Sowing media for acclimatization were analysed 

for their texture and fertility content. Black soil and Red soil was selected as the growth 

media because of their texture and content are suitable for Dioscorea alata growth.  

Acclimatization process was then carried out step by step. Plantlets of Dioscorea alata 

were positively adjusted with the new environment which is very different from the in 

vitro environment. A significant percentage of survival, (93.33 ± 0.05 %) was obtained 

in mixture of Black soil and Red soil after one month of acclimatization. After 2 months 

of acclimatization, the survival rate was declined to 90.00 ± 0.06 %. The micropropagated 

plantlets grew normally without any macromorphological variation between in vivo, in 

vitro and acclimatized plantlets. 

 

Besides in vitro regeneration, the present study demonstrated the possibility of    

production of secondary metabolites in in vitro plantlets and callus. In in vivo and in vitro 

samples of Dioscorea alata contained both phenolic compounds and flavonoids. The total 

phenolic content of in vivo sample was 73 mg 100 g-1 and in vitro sample was 52 mg 100 

g-1 whilst total flavonoids of in vivo sample was 48 mg 100 g-1 and in vitro sample was 

21mg 100 g-1. Tubers of Dioscorea alata have vivid purple colour which are verified as 

anthocyanin pigment. In addition to their ability to provide vibrant purple colour, they are 

widely acknowledged as having significant health-giving properties as an antioxidant, 

anti-inflammatory, anti-ulcer and wound healing properties. Comparative study of 
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anthocyanin content in in vivo and in vitro samples of Dioscorea alata was carried out in 

the present study. In vivo and in vitro samples of Dioscorea alata both contained 

anthocyanin properties with higher anthocyanin content observed from in vivo samples. 

Callus culture has been successfully applied for the production of plant secondary 

metabolites. However, media composition and culture conditions have to be optimized 

for an intensive biomass increase and the accumulation of desired metabolites. Therefore, 

in the present study light condition (photoperiod) was manipulated to increase 

anthocyanin content in callus cultures of Dioscorea alata. The results showed that callus 

exposed to different photoperiods produce different amount of anthocyanin content. The 

highest anthocyanin content was 295.21 ± 0.20 mg cya-3-glu / 100 g FW detected in 

coloured callus maintained at 16L/8D photoperiod. 

 

All plants produced their own phytochemical substances especially to protect against 

some particular microorganisms. Therefore, in vivo and in vitro samples of Dioscorea 

alata were tested for their antibacterial properties against S. aureus, S. epidermis, E. coli 

and Salmonella sp. and antifungal activities against Penicillium sp., A. niger, Fusarium 

sp. and Mucor sp.  The activity was evaluated using the agar disk diffusion method by 

measuring the diameter of the growth inhibition zone. Extracts of both in vivo and in vitro 

samples exhibited antibacterial activity against all bacteria tested. For antifungal activity, 

inhibition zone was observed against Penicillium sp. and Mucor sp.  Even at low 

concentrations, (20 µl) Dioscorea alata contained potent antimicrobial and antifungal 

activity nearly equal to that of the commercial antibiotic and fungicide. Ethanolic extract 

of the test plant, Dioscorea alata possess more antimicrobial activity as opposed to water 

extract. Ethanolic extract was found to be more potent than the water extract against E. 

coli, S. aureus, S. epidermis, and Salmonella sp., Penicillium sp. and Mucor sp.  
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The findings of the current study would be useful for farmers and plant breeders in 

producing better planting materials for Dioscorea alata cultivation not solely depends on 

tubers as planting materials. The findings also suggested that by consuming Dioscorea 

alata can replace the dependency on synthetically-produced supplementary health 

products for whom looking for healthy food crops with high medicinal value and 

anthocyanin content. Due to the high ability in regeneration and multiplication, the plant 

regeneration system of Dioscorea alata established in the present study will be efficiently 

used for rapid clonal propagation. This study of tissue culture of Dioscorea alata L. was 

considered a success and the findings of these studies hopefully can be shared with others 

in similar field. For future work, cellular behavior studies comparing cells in vivo and in 

vitro can aid in understanding regenerative potential of this species and same aspect of 

molecular work should be undertaken to obtained better hybrid of this species. 

Univ
ers

ity
 of

 M
ala

ya



 

198 
 

REFERENCES 

Abiodun, F., Igwe, A. & Obasuyi, O. (2007). Antimicrobial evaluation of a herbal dental 
remedy: Stem bark of Naclealatifoli family Rubiaacea. Journal of Applied 
Science, 7(18), 2696-2700. 

Abu-Shanab, B.G., Adwan, D. & Abu-safiya, D. (2004). Antibacterial activities of some 
plant extracts utilized in plastine in popular medicine. Turkish Journal of Biology, 
28, 29-102. 

Acevado-Rodriguez, P. (2005). Vines and climbing plants of Puerto Rico and the Virgin 
Islands. Washington DC: Smithsonian Institution. 

Adeniyi, O.J., Adetimirin, V.0., Ingelbrecht, I. & Asiedu, R. (2008). Shoot and plantlet 
regeneration from meristems of Dioscorea rotundata Poir and Dioscorea alata L. 
African Journal of Biotechnology, 7, 1003-1008. 

Aderiya, B.I., Ogundana, S.K., Adesanya, S.A. & Robert, M.F. (1996). Antifungal of 
Yam (Dioscorea alata) peel extract. Folio Microbiologia, 41(55), 407-412. 

Aduayi, E.A. & Okpon, S.N. (1980). Role of continuous nitrogen fertilization on nutrient 
composition of leaves sampled at various stages of growth and on yield of yam 
(Dioscorea rotundata). Communications in Soil Science and Plant Analysis, 2, 
359-375. 

Ahmed, F. & Urooj, A. (2008). In vitro starch digestibility characteristics of Dioscorea 
alata tuber. World Journal of Dairy & Food Science, 3, 29-33. 

Aitken, C.J., Kozai, T. & Smith M.A.L. (1995). Automation in plant tissue culture. 
General introduction and overview. In C.J. Aitken, T. Kozai & M.A.L. Smith 
(Eds.), Automation and environmental control in plant tissue culture (pp. 1-18). 
Dordrecht, The Netherland: Kluwer.  

Alizadeh, S., Mantell, S.H. & Viana, A.M. (1998). In vitro shoot culture and microtuber 
induction in the steroidal yam Dioscorea composite Hemsl. Plant Cell Tissue 
Organ Culture, 53, 107-112. 

Ammirato, P.V. (1987). Organizational events during somatic embryogenesis. In C.E. 
Green, D.A. Somers, W.P. Hackett & D.D. Biesboer (Eds.), Plant biology, plant 
tissue and cell culture (pp. 57-81). Inc, New York: Alan R. Liss.  

Ammirato, P.V. (1984). Yams. In P.V. Ammirato, D.A. Evans, W.R.Sharp & Y. Yamada 
(Eds.), Handbook of plant cell culture (pp. 57-81). Macmillan, New York. Crop 
Species. 

Anna, L.P.K., Hor, H.H. & Sobri, H. (2007). Callus induction from leaf explant of 
Melaleuca alternifolia. International Journal of Algricultural Research, 2, 227-
237.  

Anike, F.N., Konan, K., Oliver, K. & Dodo, H. (2012). Efficient shoot organogenesis in 
petioles of yam (Dioscorea spp.). Plant Cell Tissue Organ Culture, 111, 303-313. 

Univ
ers

ity
 of

 M
ala

ya



 

199 
 

Ashmore, E.S. (1997). Status reports on the development and application of in vitro 
techniques for the convertion and use of plant genetic resources. Rome, Italy: 
IPGRI.  

Ashwini, K.B. & Vinod, C.M. (2008). Infrared reflective inorganic pigments. Recent 
Patents on Chemical Engineering, 1, 67-69. 

Asokan, M.P., O’Hair, S.K. & Litz (1983). In vitro plant development from bulbil 
explants of two Dioscorea species. Horticulture Science, 18, 702-703. 

Ara, H., Jaiswal, U. & Jaiswal, V.S. (1999). Germination and plantlet regeneration from 
encapsulated somatic embryos of mango (Mangifera indica L.). Plant Cell 
Reports, 19, 166-170. 

Araghinikam, M., Chung, S., Nelson-White, T., Eskelson, C. & Watson, R.R. (1996). 
Antioxidant activity of Dioscorea and dehydroepiandrosterone (DHEA) in older 
humans. Life Science, 59, 147-157. 

Atanassov, A. & Brown, D.C.W. (1984). Plant regeneration from suspension cultures and 
mesophyl protoplasts of Medicago sativa L. Plant Cell Tissue Organ Culture, 3, 
149-162. 

Bae, H., Kim, Y.B., Park, N.I., Kim, H.H., Kim, Y.S., Lee, M.Y. & Park, S.U. (2012). 
Agrobacterium rhizogenesmediated genetic transformation of radish (Raphanus 
sativus L. cv. Valentine) for accumulation of anthocyanin. Plant Omics Journal, 
5, 381-385.  

Bapat, V.A. & Rao, P.S (1990). In vitro growth of encapsulated axillary buds of mulberry 
(Morus indica L.). Plant Cell, Tissue, Organ Culture, 20, 69-70. 

Biemond, H. & Vos, J. (1992). Effects of nitrogen on the development and growth of the 
potato plant. 2. The partitioning of dry matter, nitrogen and nitrate. Annals of 
Botany, 70(1), 37-45.  

Baker, F.S., Miller, C.E., Repik, A.J. & Tolles, A.D. (1992). Activated carbon. Kirk-
Othmer Encyclopdia Chemical Technology, 4, 1015-1037. 

Baloury, M., Sadiki, M. & Ibnsouda, S.K. (2016). Methods for in vitro evaluating 
antimicrobial activity. A review. Journal of Pharmaceutical Analysis, 6, 71-79. 

Bandurski, R.S. (1979). Chemistry and physiology of myo-inositol esters of indole 3-
acetic acid. In: W.W. Well, & F. Jr. Eisenberg (Ed.), Cyclitols and 
Phosphoinositides (pp. 35-54). London, New York. Academic Press.  

Barzn, W. & Ellis, B. (1981). Potential of plant cell cultures for pharmaceutical 
production. In J.L. Beal & E. Richard (Eds.), Natural products as medicinal 
agents (pp. 471-507). Stuttgart, German: Hippokrates. 

Bazakana, R., Fauconnier, M.J., Diallo, B., Dupont, J.P., Homes, J. & Jaziri, M. (1999). 
Control of Dioscorea alata microtuber dormancy and germination by jasmonic 
acid. Plant Growth Regulators, 27, 113-117. 

Univ
ers

ity
 of

 M
ala

ya



 

200 
 

Behera, K.K., Sahoo, S. & Prusti, A. (2009). Regeneration of plantlet of water yam 
(Dioscorea oppositifolia L.) through in vitro culture of nodal segment. Notulae 
Botanicae Horti Agrobotanici Cluj-Napoca, 37, 94-102. 

Behera, K.K., Sahoo, S. & Prusti, A. (2010). Micropropagation of greater yam (Dioscorea 
alata L. cv Hatikhujia) through vine nodes. Journal of Root Crops, 36(1), 27-32. 

Belarmini, M. & Rosario del, A.G. (1991). Callus induction and organogenesis in 
Dioscorea species. Japanese Journal of Breedings, 41, 561-569. 

Belarmino, M.M. & Gonzales, J.R. (2008). Somatic embryogenesis and plant 
regeneration purple food yam (Dioscorea alata L.). Annals of Tropical Research, 
30, 22-33. 

Bergmann, L. & Baelz, A. (1966). Der Einfluss von Farblicht auf Wachstum und 
zusammensetzung pflanzlicher Gewebekulturen. Planta, 70, 285-289. 

Blando, F., Scardino, P.P., De Bellis, L., Nicoltetti, I. & Gionazzo, G. (2005). 
Characterization of in vitro anthocyanin producing sour cherry (Prunus cerasus 
L.) callus cultures. Food Research International, 38, 937-942. 

Bolagum, M. (2009). Microtubers in yam germplasm conservation and propagation: The 
status, the prospect and the constraints. Biotechnology and Molecullar Biology 
Reviews, 4, 1-10. 

Bourgaud, F., Gravot, A., Milesi, S. & Gontier, E. (2001). Production of plant secondary 
metabolites: A historical perspective. Plant Science, 161, 839-851. 

Branter, A., Male, Z., Pepelinfak, S. & Atolic, A. (1996). Antimicrobial activity of 
Paliurus spina. Chrisfi mill. (Christ-thorn). Journal of Ethnoparmacy, 52, 119-
122. 

Bridle, P. & Timberlake, C.F. (1996). Anthocyanins as natural food colors-selected 
aspects. Food Chemistry, 58,193-109. 

Brouillard, R. (1988). Flavonoids and flower colour. In J.B. Harbone (Eds.), The 
flavonoids. Advance in research since 1980 (pp. 525-538). London: Chapman and 
Hall. 

Burn, P. (1988). Amphitropic proteins: A new class of membrane proteins. Trends in 
Biochemical Sciences, 13, 79-83. 

Carsky, R.J., Wolo, N., Manyong, V.M. & Tian, G. (2007). Nutritional balance model for 
design of sustainable production in yam cropping systems. In M. O. Akoroda & 
J. M. Ngeve (Eds.), Proceedings of the 7th Triennial Symposium of the 
International Society for Tropical Root and Tuber Crops-Africa Branch (pp. 198–
209). Cotonou, Benin: IITA. 

Capellades, M., Fontarnau, R., Carulla, C. & Debergh, P.C. (1990). Environment 
influences anatomy of stomata and epidermal cells in tissue cultured Rosa 
multiflora. Journal of American Society for Horticulture Science, 115, 141-145. 

Univ
ers

ity
 of

 M
ala

ya



 

201 
 

Carl, M.R. & Richard, R.W. (2002). Mineral nutrition and plant morphogenesis. In vitro 
Cellular & Developmental Biology-Plant, 38, 116-124. 

Carman, J.G. (1990). Embryogenic cells in plant tissue culture: Occurance and behaviour. 
In vitro Cellular & Developmental Biology-Plant, 26, 746-753. 

Chandra, S., Saklani, S. & Mishra, A.P. (2013). In vitro antimicrobial activity of Gharwal 
Himalaya medicinal plant of Dioscorea deltoidea tuber. International Journal of 
Herbal Medicine, 1(4), 67-70. 

Chaves, M.M. (1994). Environmentals constraints to photosynthesis in ex vitro plants. In 
P.J. Lumsden, J.R. Nicholas, & W.J. Davies (Eds.), Physiology, growth and 
developments of plants in culture (pp. 1-18). Dordrecht. The Netherland: Kluwer 
Academic Publisher. 

Chen, F., Fu, Y., Wang, D., Gao, X. & Wang, L. (2007). The effect of plant growth 
regulators and sucrose on the micropropagation and microtuberization of 
Dioscorea nipponica Makino. Journal of Plant Growth Regulators, 26, 38-45. 

Chen, H., Hong, L., Lee, J., & Huang, C. (2008). The bone-protective effect of a 
Taiwanese yam (Dioscorea alata L. cv Tainung No. 2) in ovariectomised female 
BALB/C mice. Journal of the Science of Food and Agriculture, 89, 517-522. 

Chen, M.S., Wang, Q.L., Tian, Q., Song, H.Y. & Lin, X.Y. (2003). Total synthesis of 
methyl protodioscin: A potent agent with antitumor activity. Journal of Organic 
Chemistry, 68, 3658-3662. 

Chen, Y., Fan, J., Yi, F., Lou, Z. & Fu, Y. (2003). Rapid clonal propagation of Dioscorea 
zingiberensis. Plant Cell Tissue Organ Culture, 73, 75-80. 

Chee, P.P. (1992). Initiation and maturation of somatic embryos of squash (Cucurbito 
pepo). Horticultural Science, 27, 83-90. 

Chee, P.P. (1990). High frequency of somatic embryogenesis and recovery of fertile 
cucumber plants. Horticultural Science, 25, 792. 

Cho, J.H., Kwon, T.Y., Min, K.K. & Choi, B.S. (1995). Effect of planted organ, planting 
space, and fertilizer level on growth and yield of chinese yam (Dioscorea opposita 
Thunb). Korean Journal of Crop Science, 40(1), 9-15. 

Ciegler, A. (1975). Mycotoxins, occurrence, chemistry, biological activity. Lloydia, 38, 
481-483. 

CISI (2012). Performance standards for antimicrobial disk susceptibility test approved 
standard. 7th ed. CISI document M02-A11. Clinical and Laboratory Standard 
Institute. West Velly, Pennsylvania, USA. 

Collin, H. A. & Edward, S. (1998). Plant cell culture. Oxford: BIOS Scientific Publishers, 
16, 725-742. 

Cordell, G. A., Quinn-Beattie, M. L. & Farnsworth, N. R. (2001). The potential of 
alkaloids in drug discovery. Phytotherapy Research, 15, 183-205. 

Univ
ers

ity
 of

 M
ala

ya



 

202 
 

Cournac, L., Dimon, D., Carrier, P., Lohou, A. & Chag-vardieff, P. (1991). Growth and 
photosynthetic cracteristic of Solanum tuberosum plantlets cultivated in vitro in 
different conditions of aeration, sucrose supply and CO2 enrichment. Plant 
Physiology, 97, 112-117. 

Craufurd, P.Q., Summerfield, R.J., Asiedu, R. & Vara Prasad, P.V. (2001). Dormancy in 
Yams (Dioscorea spp). Experimental Agriculture, 37, 75-119. 

Dahanukar, S.A., Kulkarni, R.A. & Rege, N.N. (2000). Pharmacology of medicinal plants 
and natural products. Indian Journal of Pharmacology, 32, 81-118. 

Da Silva, F.M.B., Moreira, R.A., Horta, A.C.G. & Silva, A.L.C. (2005). The lectin 
content of cotyledonary callus from Canavalia brasiliensis (Mart. Ex. Benth). 
Asian Journal of Plant Science, 4, 214-219. 

Das, S., Chouddhury, M.D. & Mazumdar, P.B. (2013). Micropropagation of Dioscorea 
alata L. through nodal segment. African Journal of Botany, 12(47), 6611-6617. 

Daud, N., Taha, R.M. & Hasbullah, N.A. (2008). Artificial seed production from 
encapsulated micro shoots of Saintpaulia ionantha Wendl. (African violet). 
Journal of Applied Science, 8(24), 4662-4667. 

Debergh, P.C., Roggemans, J. & Metsenaere, S.R. (1990). Tissue culture in relation to 
ornamental plants. In S.S. Bhojwani (Ed.), Plant Tissue Culture: Application and 
Limitation (pp. 161-189). Amsterdam: Elsevier. 

Delgado-Vargas, F., Jimenez, A.R. & Paredes-Lopez, O. (2000). Natural pigments: 
Carotenoids, anthocyanins and betalains-characteristics, biosynthesis, processing 
and stability. Critical Reviews in Food and Nutrition, 40, 173-289. 

Diby, L.N.G., Hgaza, V.K., Tie, T.B., Assa, A., Carsky, R., Girardin, O. & Frossard, E. 
(2009). Productivity of yams (Dioscorea spp.) as affected by soil fertility. Journal 
of Animal and Plant Science, 5(2), 494-506. 

De Klerk, G.J. (2003). Organogenesis. Tissue Culture. Encyclopedia of Applied Plant 
Science, 10, 1364-1371. 

De Las Llagas, M.C., Santiago, L. & Ramos, J.D. (2014). Antibacterial activity of crude 
ethanolic extract and solvent fractions of Ficus pseudopalma Blanco leaves. Asian 
Pacific Journal of Tropical Disease, 4(5),367-371. 

Dere, S., Gunes, T., & Sivaci, R. (1998). Spectrophotometric determination of 
chlorophyll a, b and total carotenoids contents of some algae species using 
different solvent. Turkish Journal of Botany, 22(1), 13-17. 

Deus, B. & Zenk, M.H. (1982). Exploitation of plant cells for the production of naturals 
compounds. Journal of Biotechnology and Bioengineering, 24, 65-74. 

Dhillon, B.S., Raman, H. & Brar, D.S. (1989). Somatic embryogenesis in Citrus paradisi 
and characterization of regenerated plants. Acta Horticulturae, 239, 113-116. 

Dietz, A., Kutchera, U. & Ray, P.M. (1990). Auxin enhancement of mRNAs in epidermis 
and internal tissues of pea stem and its significance for control of elongation. Plant 
Physiology, 93, 432-438. 

Univ
ers

ity
 of

 M
ala

ya



 

203 
 

Do, Q.D., Angkawijaya, A.E., Tran-Nguyen, P.L., Huynh, L.H., Soetaredjo, F.E., 
Ismadji, S. & Ju, H.S. (2014). Effect of extraxtion solvent on total phenolic 
content, total flavonoids content and antioxidant activity of Limnophila aromatic. 
Journal of Food and Drug Analysis, 22, 296-302. 

Donahua, J.L., Alford, S.R., Torabinejad, J., Kerwin, R.E., Nourbakhsh, A. & Ray, W.K. 
(2010). The Arabidopsis thaliana myo-inositol 1-phosphate synthase 1 gene is 
required for myo-inositol synthesis and suppression of cell death. The Plant Cell, 
22, 888-903. 

Dumas, E. & Monteuuis, O. (1995). In vitro rooting of micropropagated shoots from 
juvenile and mature Pinus pinaster explants-influence of activated charcoal. Plant 
Cell Tissue Organ Culture, 40, 321-235. 

Eapen, S. & George, L. (1989). High frequency plant regeneration through somatic 
embryogenesis in finger millet (Eleusina carcana Gaertn.). Plant Science, 61, 
127-130. 

Ebert, A., Taylor, F. & Blake, J. (1993). Changes of 6-benzylaminopurine and 2,4-
dichlorophenoxyacetic acid concentration in plant tissue culture media in the 
presence of activated charcoal. Plant Cell Tissue Organ Culture, 33, 157-163. 

Echeverrigaray, S., Mossi, A.J. & Munari, F. (1998). Micropropagation of raisin tree 
(Hovenia dulcis Thunb.) through axillary bud culture. Journal of Plant 
Biochemistry and Biotechnology, 7, 99-101. 

Eloff, J.N. (2000). On expressing the antimicrobial activity of plant extracts- a small first 
step in applying scientific knowledge to rural primary health care. South African 
Journal of Science, 96, 16-118. 

Enyi, B.A.C. (1972). Effect of staking, nitrogen and potassium on growth and 
development in Lesser Yam (Dioscorea esculenta). Journal of Agricultural 
Science, 78, 215-225. 

Evans, D.A. (1983). Protoplast fusion. Handbook of plant cell culture, 1, 291-321. 

Evans, D.A., Sharp, W.R. & Flick, C.E. (1981). In T.A. Thorpe (Ed.), Plant tissue culture: 
Methods and applications in agriculture. Proceedinds of UNESCO Symposium 
(pp. 45-113). Sao Paulo, New York: Academic Press. 

Fabre, J. & Dereuddre, J. (1990). Encapsulation-dehydration: A new approach to 
cryopreservation of Solanum shoot tips. CryoLetters, 11, 413-426. 

Fang, Y., Smith, M.A.L. & Pepin M.F. (1998). Benzyladenine restores anthocyanin 
pigmentation in suspension cultures of wild Vaccinium pahalae. Plant Cell Tissue 
Organ. Culture, 54, 113-122.  

Feher, A., Pasternak, T. & Dudits, D. (2003). Transition of somatic plant cell to an 
embryogenic state. Plant Cell Tissue Organ Culture, 74, 201-228. 

Fleeker, J. R., Lacy, H. M., Schultz, I. R. & Houkom, E. C. (1974). Persistence and 
metabolism of thiophanate-methyl in soil. Journal of Agricultural and Food 
Chemistry, 22, 592-595. 

Univ
ers

ity
 of

 M
ala

ya



 

204 
 

Forsyth, C. & Van Staden, J. (1984). Tuberization of Dioscorea bulbifera stem nodes in 
culture. Journal of Plant Physiology, 115, 79-83. 

Fotso Ngo, N.M.F.S., Mbouobda, H. D., Djocgoue, P.F. & Omokolo, N.D. (2013). 
Micropropagation of Dioscorea alata L. from microtubers induced in vitro. 
African Journal of Biotechnology, 12(10), 1057-1067. 

Francis, F.J. (1989). Food colorants: anthocyanins. Critical Review in Food Science and 
Nutrition, 28(4), 273-214. 

Fujita, Y. (1990). The production of industrial compounds. In S.S. Bhojwani (Ed.), Plant 
tissue culture: Application and limitation (pp. 259-275). Amsterdam: Elsevier. 

Funkhouser, E.A. and Loewus, F.A. (1975). Purification of myo-inositttol 1-phosssphate 
synthase from rice cell culture by Affinity Chromatography. Plant Physiology, 56, 
786-790. 

Gabriela, S., Simona, L., Constanta, S. & Sabina, Z. (2010). Spechthrometric study on 
stability of anthocynins extracts from black grape skins. Ovidius University 
Annals of Chemistry, 21(1), 101-104. 

Gao, Z., Tseng, C.H., Pei, Z. & Blaser, M.J. (2007) Molecular analysis of human forearm 
superficial skin bacterial biota. Proceedings of National Academy of Science, 104, 
2927–2932. 

Gasper, T. (1995).Selenieted forms of indolacetic acid: New powerful synthetic auxins. 
Across Organics Acta, 1, 65-66. 

Gasper, T., Kevers, C., Penel, C., Hubert, G., Reid, D.M. & Thorpe, T.A. (1996). Plant 
hormones and plant growth regulators in plant tissue culture. In Vitro Cell 
Development Biology Plant, 32, 272-289. 

Gberikon, G.M, Adeoti, I.I. & Aondoackaa, A.D. (2015). Effect of ethanol and aqueous 
solutions as extraction solvents on phytochemical screening and antibacterial 
activity of fruit and stem bark extracts of Tetrapleura tetrapteraon, Streptococcus 
salivarus and Streptococcus mutans. International Journal of Current 
Microbiology and Applied Science, 4(5), 404-410.   

George, E.F., Hall, M.A. & De Klerk, G.J. (Eds.). (2008). Plant propagation by tissue 
culture (Vol. 1). The Netherlands: Springer Dordrecht. 

Ghosh, B. & Sen, S. (1994). Plant regeneration from alginate encapsulated somatic 
embryos of Asparagus cooperi baker. Plant Cell Reports, 13, 381-385. 

Giovanni, P., Silvia G., Laura B., Andrea M. & Pierdominico P. (2011). Transcriptional 
analysis in high-anthocyanin tomato reveals synergistic effect to Aft and atv 
genes. Journal of Plant Physiology, 168, 270-279. 

Gray, D.J., Campton, M.E., Harrell, R.C. & Cantliffe, D.J. (1995). Somatic 
embryogenesis and the technology of synthetic seed. In Y.P.S. Bajaj (Ed.), 
Somatic embryogenesis and the technology of synthetic seed 1. Biotechnology in 
agriculture and forestry (pp. 126-151). Berlin, German: Springer-Verlag. 

Univ
ers

ity
 of

 M
ala

ya



 

205 
 

Gray, D.J., McColley, D.W. & Campton, M.E. (1993). High-frequency somatic 
embryogenesis from quiescent seed cotyledons of Cucumis melo cultivars. 
Journal of the American Society for Horticultural Science, 118, 425-432. 

Grice, E.A., Kong, H.H., Renaud, G., Young, A.C. & Bouffard, G.G. (2008). A diversity 
profile of the human skin microbiota. Genome Research, 18, 1043–1050. 

Grout, B.W.W. and Aston, M.J. (1978). Trasplanting of cauliflower plants regenerated 
from meristem culture. II. Carbon dioxide fixation and development of 
photosynthetic ability. Horticulture Research, 17, 65-71. 

Grzegorczyk, I., Matkowski, A. & Wysokinska, H. (2007). Antioxidant activity of 
extracts from in vitro cultures of Salvia officinalis L. Food Chemistry, 104(2), 
536-541. 

Gupta, P.K. & Durzan, D.H. (1987). Biotecnology of somatic polyembryogenesis and 
plantlets regeneration in loblolly pine. Nature Biotechnology, 5, 147-151. 

Haberlandt, G. (1902). Kultinversuche mit isolierten. Pflanzellen. In H.E. Street (Ed.), 
Plant tissue and cell culture (pp. 69-92). Oxford London Edinburgh Melbourne: 
Blackwell Scientific Publications. 

 Haccius, B. (1978). Question of unicellular origin of non-zygotic embryos in callus 
cultures. Phytomorphology, 28, 74. 

Hagen, S.R., Muneta, P. & Augustin, J. (1991). Stability and utilization of picloram, 
vitamins and sucrose in a tissue culture medium. Plant Cell Tissue Organ Culture, 
25, 45-48. 

Halperrin, W. (1969). Morphogenesis in cell cultures. Annual Review of Plant 
Physiology, 21, 395-418. 

Hamadina, E.I., Togun, A.O. and Hamadina, K.M. (2015). Changes in crude protein 
content and in the peel and pulp of three tuber regions of yam (Dioscorea 
rotundata Poir.) during storage in dark and naturals light environments. 
International Journal of Agriculture and Forestry, 5(2), 160-165. 

Harborne, J.B. (1999). Classes and functions of secondary product. In N.J. Walton & D.E. 
Brown (Eds.), Chemicals from plants, perspectiveon secondary plants product 
(pp. 1-25). London: Imperial College Press. 

Hatanaka, T., Arakawa, O., Yasuda, T., Uchida, N. & Yamaguchi, T. (1991). Effect of 
plant growth regulators on somatic embryogenesis in leaf culture of Coffea 
canephora. Plant Cell Reports, 10, 179-182. 

Hazarika, B.N. (2003). Acclimatization of tissue cultured plants. Current Science, 85, 
1704-1712. 

Heatley, N.G. (1944). A method for assay of penicillin. Biochemical Journal, 38, 61-65. 

Hicks, G.S. (1980). Patterns of organ development in plant tissue culture and the problem 
of organ determination. The Botanical Review, 46, 1-23. 

Hoe, C.T.K. (1992). Pengenalan Teknologi Kultur Tisu Tumbuhan. Malaysia: Penerbitan 
Universiti Sains Malaysia.  

Univ
ers

ity
 of

 M
ala

ya



 

206 
 

Hohe, A., Winkelmann, T. & Schwenkel, H.G. (2001). Development of somatic embryos 
of Cyclamen persicum Mill. in liquid culture. Gartenbauwissenschaft, 66, 219-
224. 

Holetz, F.B., Pessini, G.L., Sanches, N., Cortez, D.A., Nakamura, C.V. & Filho, B.P. 
(2002). Screening of some plants used in the Brazilian folk medicine for the 
treatment of infectious diseases. Mem Inst. Oswaldo Cruz, Riode Janeiro, 97, 
1027 – 1031. 

How, F.W. and Smith, M.A. (2003). Effect of light/dark cycling on growth and 
anthocyanin production of Ajuga reptens in callus culture. Journal of Agricultural 
Research of China, 52, 291-296. 

Hou, W.C., Chen, H.J. and Lin, Y.H. (2000). Dioscorin from different Dioscorea species 
all exhibit both carbonic anyhydrase and trypsin anhibitor activities. Botanical 
Bulletin Academia Sinica, 41, 191-196. 

Hrib, J., Vookova, B. & Kormutak, A. (1997). Biochemical differences between normal 
callus and embryogenic suspensor mass of silver fir. Biology Plant, 39, 507-513. 

Hsu, F.L., Lin, Y.H., Lee, M.H., Lin, C.L. & Hou, W.C. (2002). Both dioscorin, the tuber 
storage protein of yam (Dioscorea alata cv. Tainong No. 1) and its peptic 
hydrolysates exhibited angiostensin converting enzyme inhibitory activities. 
Journal of Agriculture & Food Chemistry. 50, 6109-6113. 

Huang, C.C., Chiang, P.Y., Chen, Y.Y. & Wang, C.C.R. (2007). Chemical composition 
and enzyme activity changes occurring in yam (Dioscorea alata L.) tubers during 
growth. LWT, 40, 1498-1506. 

Hugo, W.B. & Russel, A.D. (1994). 7 antimicrobial activity of silver. Progress in 
Medicinal Chemistry, 31, 315-370. 

Jackson, S.D. (1999). Multiple signaling pathways control tuber induction in potato. Plant 
Physiology, 119, 1-8. 

Jaleel, C.A., Gopi, R., Manivannan, P., Kishorekumar, A., Gomathinayagam, M. & 
Panneerselvam, R. (2007). Changes in biological constituent and induction of 
early sprouting by triadimefon treatment in white yam (Dioscorea rotundata Poir) 
tubers during storage. Journal of Zhejiang University Science, 8, 283-288. 

Jasik, A. & Mantell, S.H. (2000). Effect jasmonic acid and its methylester on in vitro 
microtuberization of three food yam (Dioscorea) species. Plant Cell Reports, 19, 
863-867. 

Jayaprakasam, B., Vareed, S.K., Olson, L.K., and Nair, M.G. (2005). Insulin secretion by 
bioactive anthocyanins and anthocyanidins present in the fruits. Journal of 
Agriculture & Food Chemistry, 53, 28-31. 

Jean, M. & Cappdocia, M. (1991). In vitro tuberization in Dioscorea alata L. ‘Brazo 
Fuerte’ and ‘Florida’ and D. abissinica Hoch. Plant Cell Tissue Organ Culture, 
26, 147-152. 

Jeong, B.R., Fujiwara, K. and Kozai, T. (1993). Carbone dioxide enrichment in 
autotrophic micropropagation: Methods and Advantages. HortTechnology, 3, 
332-334. 

Univ
ers

ity
 of

 M
ala

ya



 

207 
 

Jesse G.D., Cecelia M.T., Patrick G.T. & Richard W.C. (2002). Effect of environmental 
factors on the synthesis of scytonemin, a UV-screening pigment, in 
cyanobacterium (Chroococcidipsis sp.). Archives of Microbiology, 177, 322-331. 

Johansson, L.B. & Eriksson, T. (1977). Induced embryo formation in anther culture in 
several Anemone species. Physiologia Plantarum, 40, 172-174. 

Johansson, L.B., Calleberg, E. & Gedin, A. (1990). Correlation between activated 
charcoal, Fe-EDTA and other organic media ingredients in culture anthers of 
Anemone canadensis. Physiologia Plantarum, 80, 243-249. 

John, J.L., Courtney, W.H. & Decoteau, D.R. (1993). The influence of plant growth 
regulators and light on microtuber induction and formation in Dioscorea alata L. 
cultures. Plant Cell Tissue Organ Culture, 34, 245-252. 

John R.M. & Wesley P.H. (1991). Dihydroflavonol reductase activity in relation to 
differential anthocyanin accumulation in juvenile and mature phase Hedera helix 
L. Plant Physiology, 97, 343-351. 

Kadota, M. & Nimii, Y. (2004). Improvement of micropropagation of Japanese yam using 
liquid and gelled medium culture. Scientia Horticulture., 102, 461-466. 

Kalailingam, P., Bhuvansehwari, K., Kunthavai, B., Evera, T. & Rajendran, K. (2012). 
Isolation, characterization and quantification of Diosgenin from Costus igenus. 
Journal of Planar Chromatography, 25(6), 566-570. 

Kamei, H., Kojima, T., Hasegawa, M., Koide, T., Umeda, T., Yukawa, T. & Terabe, K. 
(1995). Suppression of tumor cell growth by anthocyanins in vitro. Cancer Invest, 
13, 590-594. 

Karaivanova, M., Drenska, D. & Ovcharov, R. (1990). A modification of the toxic effects 
of platinum complexes with anthocyans. Eksperimentalna Meditsina I Morfologi, 
29, 19-24.  

Katzung, B.G. (1995). Basic and clinical pharmacology (6th ed). London: Prentice Hall 
International (UK) Limited. 

Kayode, G.O. (1985). Effects of NPK fertilizer on tuber yield, starch content and dry 
matter accumulation of white guinea yam (Dioscorea rotundata) in a forest alfisol 
of south western Nigeria. Experimental Agriculture, 21(4), 389-393. 

Kintzios, S., Makri, O., Panagiotopoulos, E. & Scapate, M. (2003). In vitro rosmarinic 
accumulation in sweet basil (Osimum basilicum L.). Biotechnology Letter, 25(5), 
405-408. 

Kirakosyan, A., Seymour, E., Kaufman, O.B., Werber, S., Boiling, S. & Chang, S.C. 
(2003). Antioxidant capacity of polyphenolic extracts from leaves of Crataegus 
laevigata and Crataegus monogyna (Hawthorn) subjected to drought and cold 
stress. Journal of Agricultural and Food Chemistry, 51, 3973-3976. 

Kloos, W.E. & Musselwhite, M.S. (1975) Distribution and persistence of Staphylococcus 
and Micrococcus species and other aerobic bacteria on human skin. Journal of 
Applied Microbiology, 30, 381–385. 

Koda, Y. & Kikuta, Y. (1991). Possible involvement of jasmoic acid in tuberization of 
yam plants. Plant Cell Physiology, 32, 629-633. 

Univ
ers

ity
 of

 M
ala

ya



 

208 
 

Kohmura, H., Araki, H. & Imoto, M. (1995). Micropropagation of ‘yamatoimo’ Chinese 
yam (Dioscorea opposita) from immature leaves. Plant Cell Tissue Organ 
Culture, 40, 271-276. 

Kohno, Y., Kinoshita, R., Ikoma, S., Yoda, K., Hibata, M., Matsushima, R., Yasumasa, 
T., Yusuhisa, M. & Kobayashi, K. (2009). Stabilization on natural anthocyanin by 
intercalationninto montmorillonite. Applied Clay Science, 42, 519-523. 

Kozai, T. (1991). Micropropagation under photoautotrophic conditions. In P.C. Debergh 
& R.H. Zimmerman (Eds.), Mocropropagation, technology and application (pp. 
447-469). Dordrecht: Kluwer. 

Kranz, J. (1996). Epidemiology der pflanzenkrankkheiten (Epidemiology of the plant 
diseases). Stuttgart, Germany: Ulmer.  

Krishnaraj, S. & Vasil, I.K. (1995). Somatic embryogenesis in herbaceous monocots. In 
T.A. Thorpe (Ed.), In vitro embryogenesis in plants (pp. 417-470). Dordrech: 
Kluwer. 

Kuete, V., Teponno, R.B., Mbaveng, A.T., Tapondjou, L.A., Meyer, J.J.M., Barboni, L. 
& Lall, N. (2012). Antibacterial activities of the extracts, fractions and 
compoundfrom Dioscorea bulbifera. Complementary and Alternative Medicine, 
12 (228), 1-8. 

Kumar, A. (1992). Somatic embryoge sis and high frequency plantlet regeneration in 
callus cultures of Thevetia peruviana. Plant Cell Tissue Organ Culture, 31, 47-
50. 

Kumar, V.P., Chauhan, N.S., P, Harish & Rajani, M. (2006). Search for antibacterial and 
antifungal agents from selected Indian medicinal plants. Journal of 
Ethnopharmacology, 107, 182-188. 

Labo, V., Phatak A., & Chandra N. (2010). Freeradicals, antioxidants and functional 
foods: Impact on human health. Pharmacognosy Journal, 4, 118-126. 

Lachman, J., Hamouz, K., Orsak, M. & Pivec, V. (2000). Potato tubers as significant 
source of antioxidant human nutrition. Rostl Vyr, 46, 231-236.  

Lamproye, A., Hofinger, M. & Berthon, J.Y. (1990). Benzo(b)selenienyl-3-) acetic acid: 
A potent synthetic auxin in somatic embryogenesis. Comptes Rendus Paris. Ser. 
III, 311, 127-132. 

Laksmanan, P. & Taji, A. (2000). Somatic embryogenesis in leguminous plants. Plant 
Biology, 2, 136-148. 

Larkin. P.J., Davis, P.I. & Tanner, G.J. (1988). Nurse culture of low number of Medicago 
and Nicotiana protoplast using calcium alginate beads. Plant Science, 58, 203-
210. 

Lawson, R.H., Hearon, S., Smith, F.F. & Kahn, R.R. (1974). Electron microscopy and 
separation of viruses in Dioscorea floribunda. Phytopathology, 63, Article 1435. 

Lee, J., Durst, R.W., & Wrolstad, R.E. (2005). Determination of total monomeric 
anthocyanin pigment content in fruit juices, beverages, natural colourants, and 
wines by ph differential method: Collaborative study. Journal of AOAC 
International, 88(5), 1269-1278. 

Univ
ers

ity
 of

 M
ala

ya



 

209 
 

Li, H. & Ni, J. (2011). Treatment of waste water from Dioscorea zingiberensis tubers 
used to producing steroid hormones in a microbial fuel cell. Bioresour 
Technology, 102, 2731-2735. 

Ling, J.T., Nito, N. & Iwasama, M. (1989). Plant regeneration from protoplast of 
calamondin (Citrus madurensis Lour.). Scientia Horticulturae, 40, 325-333. 

Lisek, A. & Orlikowska, T. (2004). In vitro storage of strawberry and raspberry in 
calcium-alginate beads at 4ºC. Plant Cell, Tissue and Organ Culture, 78, 167-172. 

Liu Y., Lin, Y., Liu D., Han C., Chen C. & Fan M. (2009). Effects of different types of 
yam (Dioscorea alata) products on blood pressure of spontaneously hypertensive 
rats. Bioscience, Biotecnology and Biochemistry, 73, 1371-1376. 

Liu, M.S.C. (1993). Plant regeneration in cell suspension culture of sugarcane as affected 
by activated charcoal, medium composition and tissue culture. Taiwan Sugar, 18-
25. 

Loewus, F.A. & Loewus, M.W. (1983). Myo-inositol, its biosynthesis and methabolisme. 
Annual Review of Plant Physiology, 34, 137-161. 

Loewus, F.A. & Kelly, S. (1962). Conversion of glucose to inositol in parsley leaves. 
Biochemical and Biophysical Research Community, 7, 204-208. 

Loewus, F.A. & Murthy, P. (2000). Myo-inositol metabolism in plant. Plant Science, 150, 
1-19. 

Luo, J. P., Jia, J.F., Gu, Y.H. & Liu, J. (1999). High frequency somatic embryogenesis 
and plant regeneration in callus cultures of Astragalus adsurgens Pall. Plant 
Science. 143, 93-99. 

Mahesh, R., Mutchuchelian, K., Maridass, M. & Raju, G. (2010). In vitro propagation of 
wild yam, Dioscorea wightii through nodal cultures. International Jounal of Bio 
Technology, 1, 111-113. 

Mancinelli, A.L. (1983). The photoregulation of anthocyanin synthesis. In W. Shroshire 
& H. Mohr (Eds.), Encyclop. Plant Physiol. New series (pp. 69-95). New York, 
USA: Springer Verlag. 

Maneechai, S., De-Eknamkul, W., Umehara, K., Noguchi, H. & Likhiwitayawwid, K. 
(2012). Flavonoid and stilbenoid production in callus cultures of Artocarpus 
lakoocha. Phytochemistry, 81, 42-49. 

Manoharan, R., Tripathi, J.N. & Tripathi, L. (2016). Plant regeneration from axillary bud 
derived callus in white yam (Dioscorea rotundata). Plant Cell Tissue Organ 
Culture, 126, 181-497. 

Mantel, S.H. (1987). Development of microtuber production systems for yam to enable 
direct field planting of micropropagated clone sections. In S.H Mantel (Ed.), 
Summerise of the final reports of research projects of 1st programme 1983-86 of 
science and technology for development tropical and subtropical agriculture (pp. 
187-192). Wagenigen, The Netherlands: CTA Analytical. 

Mantel, S.H., Haque, S.Q. & Whitehall, A.P. (1978). Clonal propagation of Dioscorea 
alata L. and Dioscorea rotundata Poir yams by tissue culture. Journal of 
Horticulture Science, 51, 95-98. 

Univ
ers

ity
 of

 M
ala

ya



 

210 
 

Mantel, S.H. & Hugo, S.A. (1989). Effects of photoperiod, mineral medium strength, 
inorganic ammonium, sucrose and cytokinin on root, shoot and microtuber 
development in shoot cultures of Dioscorea alata L. and Dioscorea bulbifera L. 
yams. Plant Cell, Tissue and Organ Culture, 16, 23-37. 

Marassas, W.F.O. (1990). Toxigenic Fusaria. In: J.E. Smith & R.E Handerson (Eds.), 
Mycotoxins and animal foods (pp. 119-139). Boca Raton, Florida: CRC Press. 

Marschner, H. (1995). Mineral nutrition of higher plants. London: Academic Press. 

Martine, J. & Cappadocia, M. (1991). In vitro tuberization in Dioscorea alata L. ‘Brazo 
fuerte’ and ‘Florido’ and D. Abyssinica Hoch. Plant Cell Tissue Organ Culture, 
26, 147-152. 

Matkowski, A.  (2008). Plant in vitro culture for the production of antioxidants – A 
review. Biotechnology Advances, 26, 548 –560. 

Matkowski, A. (2004). Isoflavonoids in callus cultures from different organs of Puerraria 
lobata (Wild) Ohwi. Journal of Plant Physiology, 161, 343-346. 

Matsui, T., Ebuchi, S., Kobayashi, M. Fukui, K., Sugita, K., Terahara, N. & Matsumoto, 
K. (2002). Anti-antihyperglycemic effect of diacylated nthocyanin derived from 
Ipomoea batatas cultivar Ayamuraki can be achieved through the alpha-
glucosidase inhibitory action. Journal of Agriculture and Food Chemistry, 50, 
7244-7248. 

Maularie, B., Pungu, O. & Trouslot, M.F. (1995a). Influence of meristem-tips size and 
location on morphological development in Dioscorea cayenensis-Dioscorea 
rotundata complex and D. Praehensilis. Plant Cell Tissue Organ Culture, 42, 
215-218. 

Maularie, B., Pungu, O. & Trouslot, M.F. (1995b). Effects growth regulators 
concentrations and morphological development of meristem tips in Dioscorea 
cayenensis-Dioscorea rotundata complex and D. Praehensilis. Plant Cell Tissue 
Organ Culture, 42, 229-235. 

Mc Kersie, B.D., Senaratna, T., Bowley, S.R., Brown, D.C.W., Krochko, J.E, & Bewley, 
J.D. (1989). Application of artificial seed technology in the production of hybrid 
alfafa (Medicago sativa L.). In vitro Cellular & Developmental Biology, 25, 1183-
1188. 

Medha, S., Thengane, S.R. & Mascarenhas, A.F. (1993). Somatic embryogenesis and 
plant regeneration in Azadirachta indica A. Juss. In vitro Cellular & 
Developmental Biology, 9, 38-42. 

Meijer, E.G.M. & Brown, D.C.W. (1987). A novel system for rapid high frequency of 
somatic embryogeneis in Medicago sativa L. Physiologia Plantarum, 69, 591-
596. 

Mello, B.C.B.S., Petrus, J.C.C. & Hubinger, M.D. (2010). Concentration of flavonoids 
and phenolic compounds in aqueous and ethanolic propolis extracts through 
nanofiltration. Journal of Food Engineering, 96 (4), 533-539. 

Merkle, S.A., Parrott, W.A. & Flinn, B.S. (1995). Morphogenic aspects of somatic 
embryogenesis. In T.A. Thorpe (Ed.), In vitro embryogenesis in plants (pp. 155-
203). Dordrecht: Kluwer.  

Univ
ers

ity
 of

 M
ala

ya



 

211 
 

Merkle, S.A., Parrott, W.A. & Williams, E.G. (1990). Applications of somatic 
embryogenesis and embryo cloning. In S.S. Bhojwani (Ed.), Plant tissue culture: 
Application and limitations (pp. 67-101). Amsterdam: Elsevier.  

Misawa, M. (1994). Plant tissue culture: An alternative for production of usefull 
metabolites. FAO Agricultural Service Bulletin No 108. Roma Italy: Food and 
Agriculture Organisation of the United Nation. 

 
Mongomery, J. H. (1997). Benomyl. In: Agrochemicals Desk Reference (2nd ed.). New 

York: Lewis Publishers. 
 
Mordhorst, A.P., Toonen, M.A.J. & de Vries, S.C. (1997). Plant embryogenesis. Critical 

Reviews in Plant Sciences, 16, 535-576. 
 
Moyer, B.G. & Gustine, D.L. (1984). Regeneration of Coronilla varia L. (crownvetch) 

plants from callus culture. Plant Cell Tissue Organ Culture, 3, 143-148. 
 
Mulholland, D. A., Crouch, N., Decker, B., & Smith, M. T. (2002). The isolation of the 

Amaryllidaceae alkaloid crinamine from Dioscorea dregeana (Dioscoreaceae). 
Biochemical Systematics Ecology, 30, 183-185. 

 
Murashige, T. (1974). Plants propagation through tissue culture. Annual Review of Plant 

Physiology, 25, 135-166. 

Murashige, T. (1977). Plants Cell and organ cultures as horticultural practice. Acta 
Horticulturae, 78, 17-17. 

Murashige, T. & Skoog, F. (1962). A revised medium for rapid growth and bioassays 
with tobacco tissue cultures. Physiologia Plantarum, 15, 473-497. 

Myers, A.R. & Vendrame, W.A. (2004). Propagation of yellow kampong royal Poinciana 
via somatic embryogeneis. Proceedings of Florida State Horticultura Society, 
117, 338-341. 

Na, H.Y. & Kondo, K. (1996). Cryopreservation of tissue cultured shoot primodia from 
shoot apices of cultured protocorms in Vanda pumila following ABA preculture 
and dessication. Plant Science, 118, 195-201. 

Nagarajan, P., Mckenzie, J.S. & Walton, P.D. (1986). Embryogenesis and plant 
regeneration of Medicago spp. in tissue culture. Plant Cell Reports, 5, 77-80. 

Nagasawa, A. & Finer, J.J. (1989). Plant regeneration from embryogenic suspension 
cultures of Chinese yam (Dioscorea opposita Thumb.). Plant Science, 60, 263-
271. 

Nagira, Y., Ikegami, K., Koshiba, T. & Ozeki, Y. (2006). Effect of ABA upon 
anthocyanin synthesis in regenerated torenia shoots. Journal of Plant Research, 
119, 137-144.  

Ng, S.Y.C. (1988). In vitro tuberization in white yam (Dioscorea rotundata Poir). Plant 
Cell, Tissue and Organ Culture, 14, 121-128. 

Ng, S.Y.C. & Mantell, S.H. (1996). Final report of ODA project R4886(H) on 
technologies for germplasm conservation and distribution of pathogen free 
Dioscorea yams to National Root crop Research Programs. London: Wye 
College/IITA/SARI.  

Univ
ers

ity
 of

 M
ala

ya



 

212 
 

Naik, S.K. & Chand, P.K. (2006). Nutrient alginate encapsulation of in vitro nodal 
segments of pomegranate (Punica granatum L.) for germplasm distribution and 
exchange. Scientia Horticulturae, 108, 247-152. 

Nakamura, M., Seki, M. & Furusaki, S. (1998). Enhanced anthocyanin methylation by 
growth limitation in strawberry suspension culture. Enzyme Microbial 
Technology, 22(5), 404-408.  

Nehra, N.S. & Kartha, K.K. (1994). Meristem and shoot tip culture: requirements and 
applications. In I.K. Vasil & T.A. Thorpe (Eds.), Plant cell tissue culture (pp. 37-
70). Dordrecth: Kluwer Academy. 

Neumann, K.H. & Raafat, T. (1973). Further studies on photosynthesis of carrot tissue 
culture. Plant Physiology, 51(4), 685-690. 

Neyland, M., Ng, Y.L. & Thimann, K.V. (1963). Formation of anthocyanin in leaves of 
Kalanchoe blossfeldiana - a photoperiodic response. Plant Physiology, 38, 384-
447. 

Nieves, N., Lorenzo, J.C., Blanco, M.A., Gonzales, J. & Perralta, H.  (1998). Artificial 
endosperm of Cleopatra tangerine zygotic embryos: A model for somatic embryo 
encapsulation. Plant Cell Tissue Organ Culture, 54, 77-83. 

Niino, T. & Sakai, A. (1992). Cryopreservation and alginate coated in vitro grown shoot 
tips of apple, pear and mulberry. Plant Science, 87, 199-206. 

Nissen, S.J. & Sutter, E.G. (1990). Stability of IAA and IBA in nutrient medium to several 
tissue procedures. Horticultural Science. 25, 800-802. 

Nolan, K.E., Rose, R.J. & Gost, J.R. (1989). Regeneration of Medicago truncatula from 
tissue culture: Increase somatic embryogenesis using explants from regenerated 
plant. Plant Cell Reports, 8, 279-281. 

Nostro, A., Germano, M.P., D’Angelo, V., Marino, A. & Cannatelli, M.A. (2000). 
Extraction methods and bioautography for evaluation of medicinal plant 
antimicrobial activity. Lettter of Applied Microbiology, 30, 379-384. 

Ntui, V.O., Azadi, P., Supaporn, H. & Mii, M. (2010). Plant regeneration from stem 
segment derieved friable callus of “Fonio” (Digitaria exilis (L.) Stapf.  Scientia 
Horticulturae, 125, 494-499. 

Ohyama, K. (1970). Tissue culture in mulberry tree. Japan Agricultural Research 
Quarterly, 5, 30-34. 

Ojala, T., Remes, S., Haansuu, P., Vuorela, H., Hiltunen, R., Haahtela, K. & Vuorela, P. 
(2000). Antimicrobial activity of some coumarin containing herbal plant growing 
in Finland. Journal of Ethnopharmacology, 73, 299-305. 

Ondo Ovono, P., Kevers, C. & Dommes, J. (2010). In vitro preservation of Yam 
(Dioscorea cayenensis-D. rotundata complex) for a better use of genetic 
resources. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 38(2), 141-146. 

Osifo, F.O. (1988). Somatic embrygenesis in Dioscorea. Journal o Plant Physiology, 133, 
378-380. 

O'Sullivan, J.N. (2008). Root distribution of yam (Dioscorea alata) determined by 
strontium tracer. Experimental Agriculture, 44(2), 223-233. 

Univ
ers

ity
 of

 M
ala

ya



 

213 
 

O'Sullivan, J.N. & Ernest, J. (2008).Yam nutrition and soil fertility management in the 
Pacific. 143 Canberra: ACIAR. 

O’Sullivan, J.N. & Ernest, J. (2007). Nutrient deficiencies in lesser yam (Dioscorea 
esculenta) characterized using constant-water table sand culture. Journal of Plant 
Nutrition and Soil Science, 170(2), 273–282. 

O'Sullivan, J.N. & Jenner, R. (2006). Nutrient deficiencies in greater yam and their effects 
on leaf nutrient concentrations. Journal of Plant Nutrition, 29(9), 1663-1674. 

Owen, H.R., Wengerd, D. & Miller, A.R. (1991). Culture medium pH is influenced by 
basal medium, carbohydrate source, gelling agent, activated charcoal, and 
medium storage method. Plant Cell Reports, 10, 583-586. 

Pan, M.J., & Von Steden, J. (1998). The use of charcoal in in vitro culture-a review. Plant 
Growth Regulations, 24, 65-71. 

Pan, R.Z. (2001). Phytophysiology (4th ed.). Beijing, China: High Education Press. 

Parekh, J. & Chanda, S. (2007). Antibacterial and phytochemical studies on twelve 
species of Indian medicinal plants. African Journal of Biomedical Research, 10, 
175 – 181. 

Park, S.K., Kang, D.K., Kim, Y.H., Chung, S.H. & Choi, B.S. (2000). Effect of soil 
texture on tuber characteristics and yield in Dioscorea opposita Thunb. Korean 
Journal of Medicinal Crop Science, 8(2), 89-93. 

Patnaik, S.K., Sahoo, Y. & Chand, P.K. (1995). Efficient plant retrieval from alginate-
encapsulated vegetative budsof mature mulberry trees. Scientia Horticulturae, 61, 
227-239. 

Perumal Samy, R. & Ignacimuthu, S. (2000). Antibacterial activity of some folklore 
medicinal plants used by tribals in Western Ghats of India. Journal of 
Ethnopharmacology, 69, 63-71. 

Peng, Z., Han, Ch., Yuan, L., Zhang, K., Huang, H., & Ren, C.H. (2011). Brassinosteroid 
enhances jasmonate-induced anthocyanin accumulation in Arabidopsis seedlings. 
Journal of Integrative Plant Biology, 53, 632-640.  

Peterson, L.R. & Dalhoff, A. (2004). Towards targeting prescribing: will the cure for 
antimicrobial resistance be specific, directed therapy through improved diagnostic 
testing? The Journal of Antimicrobial Chemoherapy, 53, 902-905. 

Piazza P., Procissi A., Jenkins G.I. & Tonelli C. (2002). Members of the cp1/pl1 
regulatory gene family mediate the response of maize aleurone and mesocotyl to 
different light qualities and cytokinins. Plant Physiology, 128, 1077-1086. 

Piccioni, E. & Standardi, A. (1995). Encapsulation of micropropagated buds of six wood 
species. Plant Cell Tissue and Organ Culture, 42, 221-226. 

Pierik, R.L.M. (1987). In vitro Culture of Higher Plants. Dordrecht, The Netherlands: 
Martinus Nijhoff Publisher.  

Pierik, R.L.M. & Steegmans, H.H.M. (1975). Analysis of adventitious root formation in 
isolated stem explant of rhododendron. Scientia horticulturae, 3, 1-20. 

Univ
ers

ity
 of

 M
ala

ya



 

214 
 

Pongs, O. (1979). Chapter 3: Chloramphenicol. In E. Hahn & E. Fred (Eds.), Mechanism 
of action of antibacterial agents. Antibiotics Volume V Part 1 (pp. 26–42).  Berlin, 
Heidelberg: Springer Berlin Heidelberg.  

Ponsamuel, J., Samson, N.P., Ganesan, P.S, Sathaprakash, V. & Abraham, G.C. (1996). 
Somatic embryogenesis and plant regeneration from the immature cotyledonary 
tissues of cultivated tea (Camelia sinensis (L).O. Kuntze). Plant Cell Reports, 16, 
210-214. 

Pool-Zobel, B.L., Bub, A., Schroder, N. & Rechkemmer, G. (1999). Anthocyanin a potent 
antioxidants in model systems but do not reduce endogenous antioxidants in 
model systems but do not reduce endogenous oxidative DNA damage in human 
colon cells. European Journal of Nutrition, 38, 227-234.  

Poon, K.S., Mohajer, S. & Taha, R.M. (2012). Production of artificial seeds derived from 
encapsulated in vitro micro shoots of cauliflower, Brassica oleracea var. botrytis. 
Romanian Biotechnological Letters, 17(4), 7549-7556. 

Poornima, G.N. & Ravishankar, R.V. (2007). In vitro propagation of wild yams, 
Dioscorea oppositifolia (Linn) and Dioscorea penthapyhlla (Linn). African 
Journal of Biotechnology, 6(20), 2348-2352. 

Pospisilova, J., Catscy, J. & Sestak, Z. (1997). Photosynthesis in plants cultivated in vitro. 
In M. Pessarakli (Ed.), Handbook of photosynthesis (pp. 525-540). New York: 
Marcel Dekker.  

Pospisilova, J., Ticha, I., Kadlecek, P., Haisel, D. & Plazakova, S. (1999). 
Acclimatization of micropropagated plants to ex vitro conditions. Biologia 
Plantarum, 42, 481-497. 

Prakash, G. & Hosetti, B. B. (2010). Investigation of antimicrobial properties of 
Dioscorea pentaphylla from mid western Ghats India. Scientific World, 8, 91-96. 

Punja, Z.K., Abbas, N., Sarmenta, G.G., & Tang, F.A. (1990). Regeneration of Cucumis 
sativus var. sativus and C. sativus var. hardwickii, C. melo and C. metuliferus 
through somatic embryogeneis and organogenesis. Plant Cell Tissue and Organ 
Culture, 21, 93-102. 

Quiroga, E.N., Sampietro, A.R. &Vattuone, M.A. (2001). Screening antifungal activities 
of selected medicinal plants. Journal of Ethnopharmacology, 74, 89-96.  

Rabe, T., & van Staden, J. (1997). Antibacterial activity of South African plants used for 
medicinal purposes. Journal of Ethnopharmacology, 56, 81-87. 

Rabino, I., Mancinelli, A.L. &Kuzmanoff, K.M. (1977). Photocontrol and anthocyanin 
biosynthesis. VI. Spectral sensitivity, irradiance dependence and reciprocity 
relationship. Plant Physiology, 59, 569-573. 

Raemakers, C.J.J.M., Jacobsen, E. & Visser, R.G.F. (1995). Secondary somatic 
embryogenesis and application in plant breeding. Euphytica, 81, 93-107. 

Raharjo, S.H.T. & Punja, Z.K. (1994). Regeneration of plantlets from embryogenic 
suspension cultures of picling cucumber (Cucumis sativus L. cv. Endeavor). In 
vitro Cellular & Developmental Biology Plant, 30, 16-20. 

Rahman, M. & Punja, Z.K. (2005). Biochemistry of ginseng root tissue affected by rusty 
root symptoms. Plant Physiology & Biochemistry, 43, 1103-1114. 

Univ
ers

ity
 of

 M
ala

ya



 

215 
 

Rai, M.K., Jaiswal, V.S. & Jaiswal, U. (2008). Encapsulation of shoot tips of guava 
(Psidium guajava L.) for short term storage and germplasm exchange. Scientia 
Horticulturae, 33-38. 

Raj Bhansali, R. & Arya, H.C. (1977). Differentiation in plant of Citrus paradisi Macf. 
(Grapefruit) grown in culture. Indian Journal of Experimental Biology, 16,  
Article 409. 

Ramachandra, R.S. & Ravishankar, G.A. (2002). Plant cell cultres: Chemical factories of 
secondary metabolites. Biotechnology Advance. 20, 101-153. 

Ramberg, J.M.S. & Nugent, S. (2002). History and uses of Dioscorea as a food and 
Herbal Medicine. Glycoscience Nutrient, 3(6), 1-5. 

Ramirez-Magon, R., Borodanenko, A., Barrera-Guerra, J.L. & Ochoa Alejo, N. (2001). 
Shoot number and shoot size as affected by growth regulators in in vitro cultures 
of Spathyphyllum floribundum L. Scientia Horticulturae, 89, 227-236. 

Ranga Swamy, N.S. (1961). Experimental studies of female reproductive structures of 
Citrus microcarpa Bunge. Phytomorphology, 11, 109-127. 

Rayle, D.L., Ross, W. & Robinson, N. (1982). Estimation of somatic parameters 
accompanying zeatin-induced growth of detached cucumber cotyledons. Plant 
Physiology, 70, 1634-1636. 

Razdan, M.K. (1993). An Introduction to plant tissue culture. United Kingdom, England: 
Andover, Hampshire. 

Rauha, J.P., Remes, S., Heinonen, M., Hopia, A., Kahkonen, M., Kujala, T., Pihlaja, K., 
Vuorela, H. & Vourela, P. (2000). Antimicrobial effects of Finnish plants extract 
containing flavonoids and other phenolic compounds. International Journal of 
Food Microbiology, 56, 3-12. 

Redenbaugh, K., Fujii, J.A., Slade, D.T., Viss, P.R. & Kossler, M.E. (1991). Artificial 
seeds-encapsulated embryos. In Y.P.S. Bajaj (Ed.,) Biotecnology in agriculture 
and forestry, high technology and micropropagation 17 (pp. 395-416). Berlin: 
Heidelberg, Springer-Verlag. 

Redenbaugh, K., Slade, D.T., Viss, P.R. & Fujii, J.A. (1987). Encapsulation of somatic 
embryos in synthetic seed coats. Horticultural Science, 22(5), 803-809. 

Reinert, J. (1959). Uber die kontrolle der morphogenese und die induction von 
Advientiveem bryonen an gewebekuluren aus Karoten. Planta, 58, 318-333. 

Remigio, A.G.P., Davis, R.M. & Moris, J.J. (2003). Effects of relative humidity and high 
humidity and high temperature on spore germination and development of tomato 
powdery mildew (Leveillula taurica). Crop Protection, 22, 1157-1168. 

Roberts, A.V., Yokoya, S., Walker, S. & Mottley, J. (1995). Somatic embryogenesis in 
Rosa spp. In S. Jain, P. Gupta & R. Newton (Eds.), Somatic embryogenesis in 
woody plants (pp. 277-289). Dordrecht: Kluwer Academic Publishers.  

Roberts, M.F. (1988). Medicinal product through plant biotechnology. In R.J. Robins & 
M.J.C. Rhodes (Eds.), Manipulating secondary metabolism in culture (pp. 201-
216). Cambridge: University Press.  

Univ
ers

ity
 of

 M
ala

ya



 

216 
 

Rout, G.R., Mohapatra, A. & Jain, S.M. (2006). Tissue culture of ornamental pot plant: 
A critical review on present scenario and future prospects. Biotechnology 
Advances, 24, 531-560. 

Rout, G.R., Samantaray, S. & Das, P. (2000). In vitro manipulation and propagation of 
medicinal plants. Biotechnology Advances, 18, 91-120. 

Routray, R., Kar, M. & Sahu, R. (2013). Evaluation of antioxidant potential in selected 
leafy vegetables of Odisha, India. International Journal of Pharmacy & 
Pharmaceutical Science, 5, 232-235. 

Sahin, G., Verma, S.K. & Gurel, E. (2013). Calcium and magnesium elimination 
enhances accumulation or cardenolides in callus cultures of endemic Digitalis 
species of Turkey. Plant Physiology and Biochemistry, 73, 139-143. 

Saija, A. (1994). Pharmacological effects of anthocyanin from blood orange juice. 
Essenze Derivati Agrumari, 64(2), 229-233. 

Sakthidevi, G. & Mohan, V.R. (2013). Total phenolic, flavonoid contents and in vitro 
antioxidant activity of Dioscorea alata L. tuber. Pharmaceutical Science & 
Research, 5(5), 115-119. 

Sarkar, D. & Naik, P.S. (1997). Synseeds in potato: An investigation using nutrient-
encapsulated in vitro nodal cutting segments. Scientia Horticulturae, 73, 179-184. 

Sartory, D.P. & Grobbelaar, J.U. (1984). Extraction of chlorophyll a from freshwater 
phytoplankton for spectrophotometric analysis. Hydrobiologia, 114(3), 177-188. 

Schumann, G., Ryschika, U., Schulze, J. & Klocke, E. (1995). Anatomy of somatic 
embryogenesis. In Y.P.S. Bajaj (Eds.), Biotechnology in agriculture and forestry, 
vol 30. Somatic embryogenesis and synthetic seed 1 (pp. 71-86). New York: 
Springer, Berlin Heidelberg. 

Seibert, M. & Kadkade, P.G. (1980). Environmental factors: Light. In, E. J. Staba (Ed.), 
Plant tissue culture as a source of biochemistry (pp. 123-141). Florida, USA: CRC 
Press Inc. 

Sengupta, J., Mitra, G.C. & Sharma, A.K. (1984). Organogenesis and tuberization in 
cultures of Dioscorea floribunda. Plant Cell Tissue Organ Culture, 3, 325-331. 

Shang, H.F., Cheng, H.C., Liang, H.J., Liu, H.Y, Liu, S.Y. & Hou, W.C. (2007). 
Immuostimulatory activities of yam tuber mucilages. Botanical Studies, 48, 63-
67. 

Sharareh, R. (2011). Assessment of Diosgenin production by Trigonella foenum-graecum 
L. in vitro conditions.  American Journal of Plant Physiology, 6(5), 261-268. 

Shin, J.H., Kim, S.K., Kwon, J.B., Lee, B.H. & Shon, J.K. (2004). Factors affecting the 
production of in vitro plants from the nodal pieces of Chinese yam (Dioscorea 
opposite Thunb). Journal of Plant Biotechnology, 6(2), 97-102. 

Shri, P.V. & Daris, T.M. (1992). Zeatin induced shoot regeneration from immature 
chicpea (Cier arietinum L.) cotyledons. Plant Cell Tissue Organ Culture, 28, 45-
48. 

Shu, Y., Ying-Cai, Y. & Hong-Hui, L. (2005). Plant regeneration through somatic 
embryogenesis from callus cultures of Dioscorea zingiberensis. Plant Cell Tissue 
Organ Culture, 80, 157-161. 

Univ
ers

ity
 of

 M
ala

ya



 

217 
 

Singh, A.K., Varshney, R., Sharma, M., Agrawal, S.S. & Bansal, K.C. (2006). 
Regeneration of plant from alginate-encapsulated shoot tips of Withania 
somnifera (L.) Dunal, a medicinal important plant species. Journal of Plant 
Physiology, 163, 220-223. 

Sink, K.C. (1984). Monographs on theoretical and applied genetics 9 Petunia. Berlin: 
Springer Verlag. 

Skoog, F, & Miller, C.O.(1957). Chemical regulation of growth and organ formation in 
plant tissue culture in vitro. Symposia of the Society for Experimental Biology, 11, 
118-131. 

Skoog, F. & Tsui, C. (1948). Chemical control of growth and bud formation in tobacco 
stem segments and callus cultured in vitro. American Journal of Botany, 35, 782-
787. 

Solarova, J. and Pospisilova, J. (1997). Effect of Carbon dioxide enrichment during in 
vitro cultivation and acclimation to ex vitro conditions. Biologia Plantarum. 39, 
23-30. 

Sonibare, M.A. & Abegunde, R.B. (2012). In vitro antimicrobial and antioxidant analysis 
of Dioscorea dumetorum (Kunth) Pax and Dioscorea hirtiflora (Linn.) and their 
bioactive metabolites from Nigeria. Journal of Applied Biosciences, 51, 3583– 
3593. 

Stalikas, C.D. (2007). Extraction, separation and detection methods for phenolic acids 
and flavovonoids. Journal of Separation Science, 30, 3268-3295. 

Stefaniak, B. (1994). Somatic Embryogenesis and Plant regeneration gladiolus (Gladiolus 
hort.). Plant Cell Report, 13, 386-389. 

Steward, F.C. (1958). Growth and development of cultivated cells III. Interpretations of 
the growth from free cell to carrot plant. American Journal of Botany, 45,709-713. 

Steward, F.C., Mapes, M.O. & Mears, K. (1958). Growth and organized development of 
cultured cells II. Organiszation in cultures grown from freely suspended cells. 
American Journal of Botany, 45, 705-708. 

Straub, P.F., Decker, D.M. & Gallagher, J.L. (1992). Characterization of tissue culture 
initiation and plant regeneration in Sporobolus virginicus (Gramineae). American 
Journal of Botany, 79, 1119-1125. 

Strickland, R.G. & Sunderland, N. (1972). Phocontrol on growth of anthocyanin and 
clorogenic acid production in cultured callus tissue of Haplopappus gracillis. 
Annals of Botany, 36, 671-685. 

Sugiyama, M. (1999). Organogenesis in vitro. Current Opinion in Plant Biology, 2(1), 1-
64. 

Szopa, A. & Ekiert, H. (2014). Production of biologically active phenolic acids in Aronia 
melanocarpa (Michx.) Elliott in vitro cultures cultivated in different variants of 
the Murashige and Skoog medium. Plant Growth Regulation, 72 (1), 51-58. 

Tagboto, S. & Townson, S. (2001). Antiparasitic properties of medicinal plants and other 
natural occurring products. Advances in Paracitology, 50, 199-295. 

Univ
ers

ity
 of

 M
ala

ya



 

218 
 

Takamura, H. & Yamagami, A. (1994). Antioxidative activity of mono-acylated 
anthocyanins isolated from Muscat Bailey A grape. Journal of Agricultural & 
Food Chemistry, 42, 1612-1615. 

Taxol, P.J. (1996). Production in plant cell culture comes of age. Nature Biotechnology, 
14, 1083. 

Teixeira, J.B., Stindal, M.R., Nakamura, T. & Kirby, E.G. (1995). Establisment of oil 
palm cell suspension and plant regeneration. Plant Cell Tissue Organ Culture, 40, 
105-111. 

Timberlake, C.F. (1988). The biological properties of anthocyanin compounds. NATCOL 
Quarterly Bulletin, 1, 4-15. 

Timberlake, C.F. & Henry, B.S. (1988). Anthocyanins as natural food colourants. 
Progress in Clinical & Biological Research, 280, 107-121. 

Thomas, T.T (2008). The role activated charcoal in plant tissue. Biotecnology Advanves, 
26, 618-631. 

Toonen, M.A.J. & de Vries, S.C. (1996). Initiation of somatic embryos from single cells. 
In T.L. Wang & A. Cuming (Eds.), Embryogenesis: The generation of a plant (pp 
173-189). Oxford: Bios Scientific Publisher.  

Thorpe, T.A. (1995). In vitro embryogenesis in plants. Dordrecht: Kluwer. 

Thorpe, T.A. (1980). Organogenesis in vitro: structural, physiological and biochemical 
aspects. In I.K. Vasil (Ed.), Perspectives in plant cell and tissue culture (pp 71-
111).  New York: Academic Press. 

Tor, M., Twyford, C.T., Funes, I., Boccon-Gibod, J., Ainsworth, C.C. & Mantell, S.H. 
(1998). Isolation and culture of protoplast from immature laves and cell 
suspension of Dioscorea yams: Tools for transient gene expression studies. Plant 
Cell Tissue Organ Culture, 53, 113-125. 

Trifonova, A., Madsen, S. & Olesen, A. (2001). Agrobacterium-mediated transgene 
delivery and integration into barley under a range of in vitro culture conditions. 
Plant Science, 161, 871-880. 

Trinh, T.H., Patel, P., Kondorosi, K., Durand, P., Kamate, K., Baner, P. & Kondorosi, A. 
(1998). Rapid and efficient transformation of diploid Medicago truncatula and 
Medicago sativa ssp. falcata lines improved in somatic embryogenesis. Plant Cell 
Reports, 17, 345-355. 

Trolinder, N.L. & Chen, X. (1989). Genotype specificity of the somatic embryogenesis 
responce in cotton. Plant Cell Reports, 8,133. 

Tschannen, A.B., Escher, F. & Stamp, R. (2005). Postharvest treatment of seed tubers 
with gebberellic acid and field performance of yam (Dioscorea cayenensis-
rotundata). Ivory Coast. Experimental Agriculture, 41, 175-186. 

Twyford, C.T. & Mantell, S.H. (1996). Production of somatic embryos and plantlets from 
root cells of Greater yam. Plant Cell Tissue Organ Culture, 46, 17-26. 

Van der Valk, P., Scholten, O.E., Verstappen, F., Jansen, R.C. & Dons, J.J.M. (1992). 
High frequency somatic embryogenesis and plant regeneration from zygotic 
embryo derived callus cultures of tree Allium species. Plant Cell Tissue Organ 
Culture, 30, 181-191. 

Univ
ers

ity
 of

 M
ala

ya



 

219 
 

Vander Zaag, P., Fox, R.L., Kwakye, P.K. & Obigbesan, G.O. (1980). The phosphorus 
requirements of yams (Dioscorea spp.). Tropical Agriculture, 57(2), 97-106. 

Vanisree, M. & Tsay, H.S. (2004). Plant cell culture – an alternative and efficient source 
for the production of biological important secondary metabolites. International 
Jounal of Applies Science and Engineering, 2, 29-48. 

Van Staden, J., & Fowlds, D. L. (1992). Micropropagation of medicinal Dioscorea 
species. In Y. P. S. Bajaj (Ed.), HighTech and Micropropagation III. 
Biotechnology in agriculture and forestry (pp. 425-442). Berlin: Springer-Verlag.  

Van Winkle, S., Johnson, S. & Pulman, G.S. (2003). The effect of gelrite and activated 
carbon on the elemental composition of plant tissue culture media. Plant Cell 
Reports, 21, 1175-1182. 

Velu, V. & Narayanaswamy, A. (2009). Blue light enhance the pigment synthesis in 
cyanobacterium Anabaena ambigua Rao (Nostacales). ARPN Journal of 
Agricultural and Biological Science, 4(3), 36-43. 

Verpoorte, R., Contin, A. & Memelink, J. (2002). Biotechnology for the production of 
plant secondary metabolites. Phytochemical Review, 1, 13-25. 

Vianna, A.M. & Mantell, S.H. (1989). Callus induction and regeneration Dioscorea 
composita heml. And D.cayenensis Lam. Plant Cell Tissue Organ Culture, 16, 
113-122. 

Victor, M.J. (2001). Regulation of in vitro somatic embryogenesis with emphasis on the 
role of endogenous hormones. Revista Brasileira de Fisiologia Vegetal, 13(2), 
196-223. 

Victor, J.M.R., Murch, S.J., Krishnaraj, S. and Saxena, P.K. (1999). Somatic 
embryogenesis and organogenesis in peanut: The role of thidiazuron and N-6-
benzylaminopurine in the induction of plant morphogenesis. Plant Growth 
Regulators, 28 (1), 9-15. 

Vlietinck, A. J., Van Hoof, L., Totte, J., Lasure, A., Vanden Berghe, D., Rwangabo, P. 
C., & Mvukiyumwami, J. (1995). Screening of a hundred Rwandese medicinal 
plants for anti-microbial and antiviral properties. Journal of Ethnopharmacology, 
46, 31-47. 

Von Arnold, S., Sabala, I., Bozhkov, P., Dyachok, J. & Filinova, L. (2002). 
Developmental pathways of somatic embrogenesis. Plant Cell Tissue Organ 
Culture, 69, 233-249. 

Wagley, L.M., Gladfelter, H.J. & Phillips, G.C. (1987). De novo shoot organogenesis of 
Pinus eldarica Medw. in vitro in macro and micro photographic evidence of de 
novo regeneration. Plant Cell Reports, 6, 167-171. 

Wann, S. R. (1988). Somatic embryogenesis in woody species. Horticultured Reviews, 
10, 153-181. 

Wang, C., Chen, M.J., Tseng, C.Y., Wei, K.M. & Chen, W. (2013). Structural 
characterization of functional composition isolated from Dioscorea purpurae 
(Cultivar of Ming-Chien) by Raman Spectroscopy. Natural Product Chemistry & 
Research, 1 (3), 1-8. 

Univ
ers

ity
 of

 M
ala

ya



 

220 
 

Wang, D., Wergin, W.P. & Zimmerman R.H. (1984). Somatic embryogenesis and plant 
regeneration from immature embryos of strawberries. HortScience, 19, 71-72. 

Wang, H. & Helliwell, K. (2001). Determination of flavonoids in green and black tea 
leaves and grenn tea infusions by high-performance liquid chromatography. Food 
Research International, 34, 223-227. 

Wang, J., Seliskar, D.M. & Gallagher, J.L. (2004). Plant regeneration via somatic 
embryogenesis in the brackish wetland monocot Scirpus robustus. Aquatic 
Botany, 79, 163-174. 

Wang, T.S., Lii, C.K., Huang, Y.C., Chang, J.Y.  &Yang, F.Y. (2011). Anticlastogenic 
effect of aqueous extract from water yam (Dioscorea alata L.). Journal of 
Medicinal Plant Research, 5, 6192-6202. 

Werner, E.G., Annette, R., Johannes, M., Wolfgang, K., Johannes, G. & Hanns, U.S. 
(1998). Regulation of enzymes involved in anthocyanin biosynthesis in carrot cell 
cultures in response to treatment with ultraviolet light and fungal elicitors. Planta, 
204, 490-498. 

Weatherhead, M.A., Burdon, J. & Henshaw, G.G. (1978). Some effects of activated 
charcoal as an additive to plant tissue culture media. Z Pflanzenphysiol, 89, 141-
147. 

Weiss, D., Van der Luit, A., Knegt, E., Vermeer, E., Mol, J.N.M. & Kooter, J.M. (1995). 
Identification of endogenous gibberellins in petunia flower, induction of 
anthocyanin biosynthesis gene expression and the antagonistic effect of abscisic 
acid. Plant Physiology, 107, 695-702. 

Wenxing, Y., Weibo, R., Lingqi, K., Wanjun, Z. & Tao, W. (2016). Transcriptomic 
profiling analysis of analysis of Arabidopsis thaliana treated with exogenous 
myo-inositol. Plos ONE, 10, 1-23 

Werner, E.G., Annette, R., Johannes, M., Wolfgang, K., Johannes, G. & Hanns, U.S. 
(1998). Regulation of enzymes involved in anthocyanin biosynthesis in carrot cell 
cultures in response to treatment with ultraviolet light and fungal elicitors. Planta, 
204, 490-498. 

Wickham, L.D., Passam, H.C. & Wilson, L.A. (1982). The origin, development and 
sprouting of bulbils in two Dioscorea species. Annals Botany, 50, 621-627. 

Willian, E.G. & Maheswarn, G. (1986). Somatic Emmbryogenesis: Factors influencing 
coordinated behaviour of cells as an embryogenic group. Annals Botany, 57, 443-
462. 

Winkelmann, T., Hohe, A. & Schwenkel, H.G. (1998). Establishing embryogenic 
suspension cultures in Cyclamen persicum “Purple Flamed”. Advances in 
Horticultural Science, 12, 25-30. 

Wood, H.N. & Braun, A.C. (1961).Studies on the regulation of certain essential 
biosynthetic systems in normal and crown-gall tumor cells. Proceedings of 
National Academy of Sciences of the United States of America, 47(12), 1907-1913. 

Wrolstad, R.E., Hong, V., Boyles, M.J. & Durst, R.W. (1995). Use of anthocyanin 
analysis for detecting adulteration in fruit juices. In S. Nagy & R.L. Wade (Eds.), 
Methods to detect adulteration in fruit juices and beverange (Vol. 1). Auburndale, 
Florida:  AgScience Inc. 

Univ
ers

ity
 of

 M
ala

ya



 

221 
 

Yam, T.W., Webb. E.L. & Arditti, J. (1990). Callus formation and plantlet development 
from axillary buds of taro. Planta, 180, 458-460. 

Yan, H., Yang, L. & Li, Y. (2011). Axillary shoot proliferation and tuberization of 
Dioscorea fordii Prain et Burk. Plant Cell Tissue Organ Culture, 104, 193-198. 

Yan, Y.C., Lin, H.H., Dai, Q.I. & Huang, Q.Q. ((2002). Studies on tissue culture and 
rapid propagation of Dioscorea zingiberensis. Journal of Scichuan University 
(Natural Science Edition), 39, 136-140. 

Yao, L.H., Jiang, Y.M., Shi, J., Thomas-Barberan, F.A., Datta, N., Singanusong, R. & 
Chen, S.S. (2004). Flavanoids in food and their healts benefits. Plant Food for 
Human Nutrition, 59, 113-122. 

 
Yeoman, M.M. & Aitchison, P.A. (1977). Growth patterns in tissue (callus) cultures. In  

H.E. Street (Ed.), Plant tissue and cell culture (pp. 240-268). Oxford London 
Edinburgh Melbourne: Blackwell Scientific Publications.  

 
Yoshida, K., Kondo, T. & Gota, T. (1991). Unusually stable monoacylyted anthocyanin 

from purple yam Dioscorea alata. Tetrahedron Letters, 32, 5579-5580. 
 
Yoshimoto, M., Okuno, S., Yoshinaga, M., Yamakawa, O., Yamaguchi, M. & Yamada, 

J. (1999). Antimutagenicity of sweet potato (Ipomoea batatas) roots. Bioscience, 
Biotechnology and Biochemistry, 63, 537-541. 

Yoshimoto, M., Okuno, S., Yamaguchi, M. & Yamakawa, O. (2001). Antimutagenicity 
of deacylated anthocyanins in purple-fleshed sweet potato. Bioscience, 
Biotechnology and Biochemistry, 65, 1625-1655. 

Zhang, W., Curtin, C., Kikuchi, M. & Franco, C. (2003). Integration of jasmonic acid and 
light irradiation for enhancement of anthocyanin biosynthesis in Vitis vinifera 
suspension cultures. Plant Science, 162(3), 459-468.54.  

Zhong, J.J., Yoshida, M, Fujiyama, K., Seki, T. & Yoshida, T. (1993). Enhancement of 
anthocyanin production by Perilla frutescens cells in a stirred bioreactor with 
internal light irradiation. Journal of Fermentation Bioenggineering, 75(4), 299-
303.39.  

Zimmerman, J.L. (1993). Somatic embryogenesis: A model for early development in 
higher plants. Plant Cell, 5, 1411-1423. 

Ziv, M. (1992). Morphogenic control of plants micropropagated in bioreactor cultures 
and its possible impact on acclimatization. Acta Horticulturae, 319, 119-124. Univ

ers
ity

 of
 M

ala
ya



 

222 
 

LIST OF PUBLICATIONS AND PAPERS PRESENTED 
 

 
PUBLICATIONS 

1. Mahmad, N., Taha, R.M., Othman, R., Abdullah, S., Anuar, N., Elias, H. & Rawi, 
N. (2018). Anthocyanin as potential source for antimicrobial activity in Clitoria 
ternatea L. and Dioscorea alata L. Pigment and Resin Technology, 47(6), 490-
495. 
 

2. Elias, H., Taha, R.M., Hasbullah, N.A., Othman, R., Mahmad, N., Azani, S. & 
Abdullah, S. (2018). Detention and quantification of natural pigments extracted 
from callus of Echinocereus cinerascens. Pigment and Resin Technology, 47(6), 
464-469. 
 

3. Anuar, N., Mahmad, N., Wafa, S.N., Abdullah, S. & Elias, H. (2017). Effects of 
zeatin and gibberellic acid on regeneration and in vitro flowering of Phlox 
paniculata L. Maejo International Journal of Science and Technology, 11(2), 
115-125. 
 

 
 
PAPERS PRESENTED 
  

1. Abdullah, S., & Taha, R.M. (2017). Effect of light on anthocyanin accumulation 
in callus cultures of Dioscorea alata L.  Paper presented at the 6th International 
Conference on Functional Materials & Devices (ICFMD 2017), Melaka, 
Malaysia. 15-18th August 2017.  
 

2. Abdullah, S., & Taha, R.M. (2016). Callus induction and in vitro plant 
regeneration of Dioscorea alata L. Paper presented at the ISER 21th International 
Conference, Taipei, Taiwan.  16th Feb 2016. 

 
3. Abdullah, S., & Taha, R.M. (2015). Comparative study of antioxidant activity in 

in vivo and in vitro sample of purple greater yam (Dioscorea alata L.). Paper 
presented at the 17th International Conference on (2015), Madrid, Spain, 12-13 
November 2015. 
 

 
 
 

 

 

Univ
ers

ity
 of

 M
ala

ya



Anthocyanin as potential source for
antimicrobial activity in Clitoria ternatea L.

and Dioscorea alata L.
Noraini Mahmad and R.M. Taha

Institute of Biological Sciences, Faculty of Science, University of Malaya, Kuala Lumpur, Malaysia

Rashidi Othman
Department of Landscape Architecture, International Islamic University Malaysia, Kuala Lumpur, Malaysia, and

Sakinah Abdullah, Nordiyanah Anuar, Hashimah Elias and Norlina Rawi
Institute of Biological Sciences, Faculty of Science, University of Malaya, Kuala Lumpur, Malaysia

Abstract
Purpose – The purpose of this paper is to validate the antimicrobial activity (both antibacterial and antifungal) of in vivo and in vitro ethanolic
anthocyanin extracts of Clitoria ternatea L. (vivid blue flower butterfly-pea) and Dioscorea alata L. (purple yam) against selected bacteria (Bacillus
subtilis, Staphylococcus aureus and Escherichia coli) and fungi (Fusarium sp., Aspergillus niger and Trichoderma sp.).
Design/methodology/approach – The freeze-dried samples (0.2 g) from in vivo vivid blue flowers of C. ternatea L. were extracted using 10 mL
ethanol (produced ethanolic red extraction) and 10 mL distilled water (produced aqueous blue extraction) separately. Two-month-old in vitro callus
samples (0.2 g) were only extracted using 10 mL ethanol. The anthocyanin extractions were separated with the addition (several times) of ethyl
acetate and distilled water (1:2:3) to remove stilbenoids, chlorophyll, less polar flavonoids and other non-polar compounds. Furthermore, the
antimicrobial properties were determined using agar diffusion technique. Three bacteria (B. subtilis, S. aureus and E. coli) and fungi (F. sp., A. niger
and T. sp.) were streaked on bacteria agar and dextrose agar, respectively, using “hockey stick”. Then, the sterile paper discs (6 mm diameter) were
pipetted with 20 mL of 1,010 CFU/mL chloramphenicol (as control for antibacterial) and carbendazim (as control for antifungal) in vivo and in vitro
extracts. The plates were incubated at room temperature for 48 h, and the inhibition zones were measured.
Findings – Based on the results, both in vivo and in vitro ethanolic extracts from vivid blue flowers of C. ternatea L. showed the best antibacterial
activity against the same bacteria (B. subtilis), 11 and 10 mm inhibition zones, respectively. However, different antifungal activity was detected in in
vitro ethanolic callus extract (12 mm), which was against T. sp., contrary to in vivo ethanolic extract (10 mm), which was against F. sp.; antibacterial
activity of D. alata L. was seen against the same bacteria (E. coli) with the highest inhibition zone for in vivo extract (8.8 mm), followed by in vitro
extract (7.8 mm).
Research limitations/implications – Anthocyanins are responsible for the water soluble and vacuolar, pink, red, purple and blue pigments present
in coloured plant pigments. These pigments (pink, red, purple and blue) are of important agronomic value in many crops and ornamental plants.
However, anthocyanins are not stable and are easy to degrade and fade whenever exposed to light.
Social implications – Plant extracts containing bioactive agents with antimicrobial properties have been found to be useful in treating bacterial
and fungal infections, as well as showed multiple antibiotic resistance.
Originality/value – Both in vivo and in vitro extracts from vivid blue flower petals (C. ternatea L.) and purple yam (D. alata L.) have important
applications as natural antimicrobial (antibacterial and antifungal) agents in the coating industry, instead of natural pharmaceutical products.

Keywords Antibacterial, Clitoria ternatea L., Dioscorea alata L., Antifungal, Ethanolic extract, Inhibition zone

Paper type Research paper

Introduction

C. ternatea L. (vivid blue flower butterfly-pea), or locally known
as “Pokok Bunga Talang” in Malaysia, is used as a natural blue
colourant in “Nasi kerabu” preparation. Meanwhile, this species
is known worldwide as a medicinal plant that possesses

pharmacological activities including antimicrobial, anti-oxidant,
anti-inflammatory, antipyretic, anti-helminthic and analgesic
activities (Mukherjee et al., 2008; Gupta et al., 2010). The vivid
blue flower of C. ternatea L. contains dietary anthocyanins
(Terahara et al., 1996), as well asDioscorea alataL. (purple yam),
which is widely cultivated in Asia, Pacific Islands and Africa
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(Mignouna et al., 2003) includingMalaysia, which is called “Ubi
Badak”, with big purple tubers that grow underground.
Anthocyanins are responsible for the water soluble and vacuolar
pink, red, purple and blue pigments present in coloured plant
pigments. These pigments (pink, red, purple and blue) are of
important agronomic value in many crops and ornamental
plants. However, anthocyanins are not stable and are easy to
degrade and fadewhenever exposed to light.
Naturally, most microorganisms are found in soil, which are

very important in providing plants with gas and minerals
(decomposers). Pathogenic bacteria (Bacillus subtilis,
Staphylococcus aureus and Escherichia coli), being the highest
number of microorganisms on top of the soil (up to 15 cm
depth), play an important role in gas cycles (such as nitrogen
fixation), while fungi (Fusarium sp., Candida albicans and
Trichoderma sp.) decay organic substances that add cellulose
and inorganic substances into the soil. Pietikäinen et al. (2000)
reported that the optimum growth for bacteria and fungi occurs
at 25-30°C and is responsible for causing infections to plants
(losses in agricultural industry), animals and humans (can
cause diarrhoea and skin infection).
Recently, tissue culture studies have focussed on comparing

antimicrobial activities of in vivo (such as leaf, stem, root and
flower) and in vitro (callus and regenerated plant) sources to be
introduced as multipurpose plant applications, which could be
beneficial to mankind, instead of mass propagation. Under

sterile condition, in vitro callus or regenerants may contribute
natural sources for pharmaceuticals, food supplements,
cosmetics and safety colourant production. In plant tissue
culture, different concentrations and combinations of auxins
and cytokinins have different effects on the growth of in vitro
explants. A balance between auxin and cytokinin growth
regulators is most often required for the formation of
adventitious shoot and root meristems. Therefore, plant
extracts containing bioactive agents with antimicrobial
properties have been found to be useful in treating bacterial and
fungal infections (Adeniyi et al., 2010), as well as showed
multiple antibiotic resistance (Kuete et al., 2012).
The main objective of this research was to investigate the

antibacterial and antifungal activities of in vivo and in vitro
ethanolic anthocyanin extracts of C. ternatea L. and D. alata L.
against selected bacteria (B. subtilis, S. aureus and E. coli) and
fungi (F. sp., Aspergillus niger and T. sp.), which can be
potentially introduced as natural antimicrobials for coating
production.

Materials and methods

In vivo plant samples
Petals of the vivid blue flower (C. ternatea L.) and purple yam
(D. alata L.) were obtained from the garden of Institute of
Biological Sciences, University of Malaya, Kuala Lumpur,

Figure 1 In vitro callus formation of C. ternatea L. from its explant cultured on Murashige and Skoog media supplemented with 40 mg/L ADSO4 1 2
mg/L NAA1 2 mg/L BAP (a) in vivo plant of C. ternatea L.; (b) two-week-old in vitro flower explant; (c) flower explant with vivid blue petals; and (d)
two-month-old green callus

(b) (c)

(d)(a)
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Malaysia. The samples were sealed in an aluminium foil and
kept at �80 6 1°C and later freeze-dried for 72 h. Then, the
dried samples were crushed into a powdered form and kept at
�206 1°C until needed.

In vitro plant samples (callus)
Originally, in vivo plant samples were sterilised using 90
per cent (v/v) chlorox and 70 per cent (v/v) ethanol, followed by
rinsing three times with distilled water. Under aseptic condition
in a laminar flow, these samples were cut (3-5 mm2) and
cultured on Murashige and Skoog (MS) media (1962)
supplemented with plant hormones, including adenine
hemisulfate (ADSO4), naphthalene acetic acid (NAA) and 6-
benzylaminopurine (BAP), for callus induction. After eight
weeks, the callus was collected and freeze-dried for 72 h.

Sample extraction
The method for sample extraction was carried out following
the description given by Rahiman et al. (2013) with minor
modification. The freeze-dried samples (0.2 g) were soaked
in 10 mL ethanol for 24 h at room temperature under dark
conditions to avoid degradation of anthocyanin compound.
The mixtures were then centrifuged at 5,000 rpm for 10 min.
Subsequently, rotary evaporator was used to remove alcohol
in the solution by evaporation under reduced pressure at a
relative low temperature (<30°C). Finally, anthocyanin
extraction was separated with the addition (several times) of

ethyl acetate and distilled water (1:2:3) to remove stilbenoids,
chlorophyll, less polar flavonoids and other non-polar
compounds.

Antimicrobial test (paper disc diffusionmethod)
Antimicrobial properties were determined using the agar
diffusion technique (Bauer et al., 1966). Three bacteria (B.
subtilis, S. aureus and E. coli) and fungi (F. sp.,A. niger and T. sp.)
were streaked on bacteria agar and dextrose agar, respectively, by
using a “hockey stick”. Then, the sterile paper discs (6 mm
diameter) were pipetted with 20 mL of chloramphenicol (as
control for antibacterial), carbendazim (as control for antifungal)
in vivo extracts and in vitro extracts. The controls were prepared
in 0.1 mg/L and 1010 CFU/mL. The plates were incubated at
room temperature for 48 h, and the inhibition zones were
measured. Antimicrobial agents were recognised by the
formation of inhibition zones, which kill or inhibit the growth of
microorganisms (Jagessar et al., 2008). Three replicates were
used for eachmicroorganism tested.

Results and discussion

Antibacterial and antifungal activities of anthocyanin
extraction from vivid blue flower of C. ternatea L.
Generally, the anthocyanins from petals of C. ternatea L.
(Figures 1 and 2) exhibited a potent inhibitory activity against
all the tested bacteria (B. subtilis, S. aureus and E. coli) and fungi

Figure 2 Extracts of C. ternatea L.

Notes: (a) Separation of anthocyanin extract; (b) green ethanolic extract from in vitro callus;
(c) red ethanolic extract from in vivo flowers; (d) rotary evaporation to remove alcohol from
extractant; (e) blue aqueous extract from flowers

(a) (b)

(d) (e)

(c)
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(F. sp. and T. sp.), but A. niger was the only one that responded
to in vitro callus extract. Moreover, in vitro callus extract was
found to give better inhibition zone (8-11 mm) as compared to
in vivo ethanolic flower extract, which produced 7-10 mm
inhibition zone. These anthocyanin compounds are shown in
Figure 3. According to Grzegorczyk et al. (2007), the
compounds in in vitro extracts had higher bioactivity than those
in in vivo extracts. However, no inhibition zone was observed
for all tested bacteria and fungi for in vivo aqueous flower
extract. Thus, the natural blue colourant that was extracted
with water did not exhibit antibacterial and antifungal
properties.
For antibacterial activity (Table I and Figure 4), both in vivo

and in vitro ethanolic extracts from petals of C. ternatea L.
showed the best antibacterial activity against the same bacteria

(B. subtilis), 11 and 10 mm inhibition zones, respectively.
Chloramphenicol (as control) reacted against S. aureus with an
inhibition zone of 28mm.
However, for antifungal activity (Table II and Figure 5),

different antifungal activities were detected for in vitro ethanolic
callus extract (12mm) againstT. sp., contrary to in vivo ethanolic
extract (10 mm) against F. sp. Carbendazim (as control)
inhibited the growth ofT. sp. (28mm); the same was shown by in
vitro ethanolic callus extract. Naturally, plants can produce
antifungal compounds to protect themselves from biotic attack
that could be essential for fungi infection resistance.
Generally, antimicrobial activity differs in in vivo and in vitro,

probably because of the inherent characteristics of the fully
grown plants and maturity of its chemically active constituents.
In addition, antimicrobial activity of the callus extract can vary
between differentiated and undifferentiated plants cells,
depending on the biocompound production.
C. ternatea L. is known as a medicinal plant and is widely

used for treating eyes, throat and skin infections and ulcers. In
addition, it can be used as a phytochemical substance. The
phytochemical investigations revealed the presence of saponins,
carbohydrates, alkaloids, proteins, anthroquinones and
phytosterols. It is used as a diuretic, antihelmintic, antidiabetic,
antipyretic and brain tonic. All parts of C. ternatea L. contain
peptides called cliotides that have potent antimicrobial
properties against E. coli. Therefore, because of the increasing
demand for medicinal and nutritive forage purposes of C.
ternatea L., the US Development Agency (USDA, 2014)
intends to conserve C. ternatea L., along with 16 other
leguminous species, with potentially useful phytochemicals
(Morris, 1999).

Antibacterial activity from anthocyanin extracts ofD.
alata L. (purple yam)
Generally, antibacterial activity (Table III and Figure 6) of D.
alata L. (Figure 7) was seen against the same bacteria (E. coli)
with the highest inhibition zone from in vivo extract (8.8 mm),
followed by in vitro extract (7.8 mm). Chloramphenicol (as
control) showed inhibition response against E. coli (6.8 mm).
According to Moriya et al. (2015), new acylated anthocyanins
were found inD. alataL.

Figure 3 Anthocyanin extraction from C. ternatea L.

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

400 500 600 700 800

A
bs

or
ba

nc
e

Wavelength (nm)

(550, 0.6048)

Table I Antibacterial activities of C. ternatea L. against B. subtilis, S.
aureus and E. coli

Bacterial
(1010 CFU/mL)

Mean inhibition zone diameter, mm

Chloramphenicol
(0.1 g/100 mL)

In vitro
alcoholic
callus
extract

In vivo
alcoholic
flower
extract

In vivo
aqueous
flower
extract

B. subtilis 17.06 0.3 11.06 0.3 10.06 0.3 0
S. aureus 28.06 0.6 10.06 0.0 7.06 0.7 0
E. coli 20.06 0.3 8.06 0.6 8.06 0.5 0

Figure 4 Antibacterial activity from explant of C. ternatea L. against (a) B. subtilis, (b) S. aureus, and (c) E. coli
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Conclusions

Based on the results, both in vivo and in vitro ethanolic extracts
of vivid blue flowers of C. ternatea L. showed the best
antibacterial activity against the same bacteria (B. subtilis), 11
and 10 mm inhibition zones, respectively. However, a different
antifungal activity was detected in in vitro ethanolic callus

Table II Antifungal activities of C. ternatea L. against F. sp., A. niger and T. sp

Fungi
(1010 CFU/mL)

Mean inhibition zone diameter, mm
Carbendazim
(0.1 g/100 mL) In vitro alcoholic callus extract In vivo alcoholic flower extract In vivo aqueous flower extract

F. sp. 20.06 0.4 9.06 0.7 10.06 0.6 0
A. niger 17.06 0.6 10.06 0.2 0 0
T. sp. 28.06 0.3 12.06 0.3 8.06 0.5 0

Table III Antibacterial activities of D. alata L. against B. subtilis and E. coli

Bacterial
(1010 CFU/mL)

Mean inhibition zone diameter, mm
Chloramphenicol (0.1 g/100 mL) In vitro alcoholic callus extract In vivo alcoholic yam extract

B. subtilis 6.56 0.0 6.26 0.1 6.66 0.0
E. coli 6.86 0.1 7.86 0.1 8.86 0.0

Figure 6 Antibacterial activity of D. alata L. against (a) B. aureus and
(b) E. coli
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Figure 5 Antifungal activity from flower explant of C. ternatea L. against (a) F. sp.; (b) A. niger; and (c) T. sp.
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extract (12 mm), which was against T. sp., contrary to in vivo
ethanolic extract (10 mm), which was against F. sp., and
antibacterial activity of D. alata L. was seen against the same
bacteria (E. coli) with the highest inhibition zone for in vivo
extract (8.8 mm), followed by in vitro extract (7.8 mm). This
study revealed that natural anthocyanin extracts from vivid blue
flowers (C. ternatea L.) and purple yam (D. alata L.) can be
potentially used in coating technology against bacteria and
fungi as they exhibit antimicrobial properties.
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Abstract
Purpose – This paper aims to study the effect of different organic solvents on the extraction of pigments present in callus cultures of E. cinerascens.
Design/methodology/approach – Attempts have been made to extract pigments from callus cultures through tissue culture system as an alternative
replacement for conventional plant cultivation as tissue culture provides unlimited supplies of plant samples. Callus of E. cinerascens was induced from
stem explant cultured in Murashige and Skoog medium supplemented with combination of 0.5 mg/L 6-benzylaminopurine and 0.5 mg/L
a-naphthaleneacetic acid maintained under photoperiod of 16 h light and 8 h dark. Fresh samples of the callus were harvested and dissolved in various
types and concentrations of solvents such as 100 per cent acetone, 80 per cent acetone, 95 per cent ethanol, 100 per cent methanol and 90 per cent
methanol. Each of the mixtures was directly centrifuged to get clear supernatant containing pigments of interest. The pigments were detected and
subsequently quantified via two simple techniques, ultraviolet-visible (UV-Vis) spectrophotometer and thin layer chromatography (TLC).
Findings – UV-Vis spectrophotometer detected two families of pigments present in the callus cultures, namely, carotenoids (carotene and
xanthophyll) and tetrapyrroles (chlorophyll a and b). Pigment contents in various solvent extractions were estimated using spectroscopic
quantification equations established. Through TLC, spots were seen on the plates, and Rf values of each spots were assessed to indicate the possible
existence of carotenoids and tetrapyrroles.
Originality/value – This preliminary study offers significant finding for further advance research related on natural pigments extracted from E.
cinerascens that would provide profits in the future applications, especially in food industry, medicine, agriculture, etc.

Keywords Pigments, Carotenoids, Chlorophylls, Thin layer chromatography (TLC), UV-Vis spectrophotometer

Paper type Research paper

Introduction
Pigments are molecules or chemical compounds that absorb
specific wavelengths of light and reflect only certain
wavelengths of visible light. In plants, pigments are essential to

undergo photosynthesis, one of the earliest biological processes
to evolve, which provided evidence for the significance of
pigments in plant functions (Ustin et al., 2009). Pigments can
be grouped in a few different classes (Mortensen, 2006;
Schoefs, 2004; Hasni et al., 2011; Schoefs, 2002), namely,
tetrapyrroles (e.g. chlorophylls), carotenoids (e.g. carotenes),
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flavonoids (e.g. anthocyanins) and alkaloids (e.g. betalains).
Chlorophylls are the most abundant pigments in plants which
promote green colour and are lipid soluble. Generally, there are
two types of chlorophylls, i.e. chlorophyll a and chlorophyll b,
which only differ in the replacement of the tetrapyrrole ring or
the presence of –CH3 instead of –CHO. Besides, carotenoids
are also lipidsoluble but represent yellow, orange and red
colours. Typically, there are two carotenoids that are
commonly identified, namely, beta carotene and xanthophylls.
Meanwhile, other pigments such as anthocyanins and betalains
are water soluble. Both are chemically related but anthocyanins
show blue, purple, red and orange colours, while betalains
exhibit yellow, red and purple colours.
Nowadays, research concerning plant pigments is highly in

demand due to its usefulness and potential applications in food or
textile industry (natural colourant), cosmetic or medicine
(antioxidant and anticancer), agriculture (fertilizer and crop
protection) and so on. Natural colourant is applied extensively in
the food industry as one of a viable alternative to replace synthetic
food colourant, which was reported unsafe. Plant pigments have
been applied as natural food colourants (Mortensen, 2006) and
are suggested to be beneficial to human health (Sun et al., 2005).
Additionally, it has been discovered that plant pigments play
important roles in preventing human diseases (Glenn and Pablo,
1995; Lanfer-Marquez et al., 2005; Rao and Rao, 2007; Sergio
et al., 1999). Production of plant pigments through conventional
plant cultivation is limited due to low supply of raw materials
(Schoefs, 2004). This problem leads to discovery of new
procedures for production of plant pigments via tissue culture or
other biotechnology methods. Tissue culture provides effective
system in production of pigments as the plant samples can be
obtained in industrial scale in just a short period. Through this
technique, not only quantity but also quality of the samples could
be enhanced by modifying the specific nutrients in the medium
supplied. Consequently, this would influence the production of
desirable chemical compounds in the samples. Indeed, the
pigments could be obtained from callus samples without
destroying the plants. Seemingly, tissue culture is widely used to
isolate compounds or secondary metabolites for new drug
development andmedicine (Ahmed et al., 2010).
Previous studies have indicated that variousmethods have been

developed to detect pigments. Nevertheless, in the present study,
the pigments extracted from callus cultures of Echinocereus
cinerascens (hedgehog cactus) were detected through two simple
methods, namely, ultraviolet-visible (UV-Vis) spectrophotometer
(spectroscopic method) and thin layer chromatography (TLC;
chromatographic method). Spectroscopy is a classical method
thatusually permits crude identificationof thepigmentspresent in
an extract. In addition, major pigments can be depicted by the
absorbance spectrum.Even though this is the simplestmethod
used for pigment detection, it is less efficient, especially for the
plant sample that containsmore than three pigments (Schoefs,
2002) as there is a strong limitation due to overlapping of the
absorbance readings. Hence, chromatographic method, i.e.
TLC, is one of the accessiblemethods that facilitate separation
of four pigments, which has been recognised as a fast, effective
and relatively cheap method. TLC has been widely used
in laboratories for chemical analysis of agricultural products
and plants (Sherma, 2000). Furthermore, TLC and high-
performance liquid chromatography (HPLC) are the

recommended methods to detect and analyse the pigments as
these compounds are non-volatile and easily decomposed at
higher temperatures (Kiss et al., 2000).

Experimental

Callus induction
Stem explants of E. cinerascens were cultured in Murashige and
Skoog medium (Murashige and Skoog, 1962) supplemented
with 0.5 mg/L 6-benzylaminopurine and a-naphthaleneacetic
acid in combination. The cultures were kept in the culture
room and maintained at 25 6 2°C with 16 hours light/8 hours
dark photoperiod. After a few days, light green callus were
produced and subsequently subcultured for several times
before the callus were harvested for extraction.

Preparation of callus extracts
Extraction was performed in dim or subdued light to avoid
pigment degradation. Initially, fresh samples of callus were cut
into small pieces. After that, 0.1 g of the callus was weighed and
extracted separately by using five different types and
concentrations of organic solvents, namely, 100 per cent
acetone, 80 per cent acetone, 95 per cent ethanol, 100 per cent
methanol and 90 per cent methanol. A small amount of
MgCO3 powder was added while grinding the samples to
neutralise plant acids and to prevent conversion of Chl a to
phaeophytin a (Lichtenthaler and Buschmann, 2001a).
Besides, a small amount of sand was also added to assist in cell
lyses and complete the extraction of samples. Homogenated
samples were then centrifuged at 5,000 rpm for 10 min at 24°C
to get a clear supernatant. The supernatant consisting pigments
of interest was pipetted into a clean vessel, which was wrapped
with aluminium foil and maintained under dark condition
(Lichtenthaler and Buschmann, 2001a) before subjected to
spectroscopic and chromatographic analysis as the pigments
are light and heat sensitive.

Spectroscopic analysis
The supernatant was transferred into 3.0 mL cuvette, and
spectrophotometric measurements were made directly via UV-
1650 PCUV-VIS Spectrophotometer (Shimadzu). Absorbance
spectra were monitored in range of 300-800 nm wavelength.
The pigments were identified through the absorbance reading
and quantified using “Spectroscopic quantification equation”
derived from Lambert–Beer law (Lichtenthaler and
Buschmann, 2001b; Wellburn, 1994). Results were subjected
to one-way analysis of variance (ANOVA) and statistically
analysed by Duncan’s multiple range test (DMRT). Means
listed in the tables with different letters in the same column are
significantly different at p= 0.01.

Chromatographic analysis
The solvent (in liquid form) was evaporated in a rotary
evaporator (BUCHI Rotavapor R-114) and the residue
(extract) was left in powder form, which was later dissolved in
polar (methanol and acetone) and non-polar (petroleum ether)
solvents. In this study, TLC was carried out using silica gel 60
F254 chromatography plate. Once the pigment separation was
completed, the plate was placed under visible and UV254 light
to observe the spots which formed on the plate, and Rf
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(retention factor) values were calculated afterward. The
procedures were repeated few times using different ratios of
solvent systems or mobile phases (a mixture of organic solvents
– petroleum ether:chlorophyll:ethyl acetate) to obtain good
pigment separation. Initially, the extract was spotted on the
plate using microcapillary tube before placing it in the TLC
chamber containing different ratios of solvent systems that have
been developed, such as 35:8:1, 26:3:1, 25:2:3 and 20:8:2. The
solvent systems took a few minutes to move up, and the plate
was removed as the solvent reached solvent front line. As
the solvent slowly travelled through the plate, the pigments
were separated in the spots form, which could be observed
under visible and UV light. Rf values were calculated to identify
pigments extracted from callus of the species; Rf value is a
distance travelled by the pigment divided by the distance
travelled by the solvent.

Results and discussion

Ultraviolet-visible absorbance
The experiment was carried out in dim or subdued light as
recommended in previous research (Melendez-Martinez et al.,
2007; Boyer, 1990). It is advisable to proceed with pigment
detection immediately after pigment extraction to avoid
evaporation of solvents and pigment degradation. In this
experiment, fresh samples were preferred instead of dried
samples as the absorption in the red and blue maxima is the
highest in freshly isolated pigments. Nevertheless, a previous
study has reported that fresh samples are high in water content.
Thus, the samples were suggested to be freeze-dried before
extracted and analysed using a spectroscopic method
(Lichtenthaler andBuschmann, 2001a).
By UV-Vis spectrophotometer, the intensity of pigment was

depicted through visible spectrum. In fact, the absorption
maxima of chlorophylls were observed in two regions, blue
region near 412 and 436 nm wavelength and red region near
642 and 665 nm wavelength. Conversely, the absorption
maxima of carotenoids were only discovered in blue region with
three shoulders between 400 and 500 nm wavelength.
Generally, different types of pigments present different shape of
spectra and peak because each peak is unique to one pigment
for a particular solvent. Figure 1 shows almost similar shape of

spectra for pigments extracted from fresh callus in various
solvent extractions. It was found that the shape of spectrum for
100 and 80 per cent Acetone is little bit different from 100 per
cent methanol, 90 per cent methanol and 95 per cent ethanol.
Next, 100 per cent acetone exhibited the highest absorbance
reading in both blue and red region, followed by 80 per cent
acetone, 100 per cent methanol, 95 per cent ethanol and 90 per
cent methanol. Analysis of diverse solvent polarities on pigment
extraction has proven that the absorption maxima of pigment
shifted to longer wavelength as the polarity of solvent increased.
This finding is comparable with a previous study which
indicated that increase in polarity led to a shift in the absorption
maxima from 660 to 665 nm and from 428 to 432 nm for Chl a,
and from 642 to 652 nm and from 452 to 469 nm for Chl b
(Lichtenthaler and Buschmann, 2001b). Furthermore, the
absorption maxima also shifted to longer wavelength due to the
present of high water content in the sample (Boyer, 1990).
Hence, the present study verified that the absorptions maxima
rely on solvent extraction polarity and the type of sample used,
which is concurrent with previous reports.
The shape of spectra provides important characteristic for

identification of purified pigments (Scott, 2001). As noted,
earlier studies have stated that absorption maxima of Chl a and
b were 661.6 and 644.8 nm in 100 per cent acetone, 664.2 and
648.6 nm in 95 per cent ethanol and 665.2 and 652.4 nm in
100 per cent methanol, respectively (Lichtenthaler and
Buschmann, 2001b). Meanwhile, the absorption maxima
detected for carotenoids was 470 nm (Lichtenthaler and
Buschmann, 2001a). Based on the evidence, the pigments
extracted from the callus were measured, and a comparison of
pigment content, including chlorophyll a, chlorophyll b, total
chlorophylls, total carotenoids and total pigment content, in
different solvent extractions are recorded (Table I).
Interestingly, 80 per cent acetone showed the highest
chlorophyll a and chlorophyll b content, with 22.61 and 11.10
mg/g, respectively whereas 90 per cent methanol showed the
lowest chlorophyll a and chlorophyll b content, which
corresponds to 11.42 and 1.23 mg/g. Therefore, the highest
total of chlorophyll content, 33.71mg/g, was observed in 80 per
cent acetone, while the lowest total of chlorophyll content,
12.65 mg/g, was observed in 90 per cent methanol.
Nevertheless, the highest total of carotenoid content, 7.40
mg/g, was obtained in 100 per cent acetone, whilst the lowest
total of carotenoid content, 2.72 mg/g, was obtained in 100 per
cent methanol. Overall, the highest total of pigment content
was 39.84 mg/g, which was observed in 80 per cent acetone,
followed by 100 per cent acetone, 100 per cent methanol, 95
per cent ethanol and 90 per cent methanol, which correspond
to 36.33, 25.09, 22.00 and 16.18 mg/g, respectively. As a
result, 80 per cent acetone was identified as the most efficient
solvent for pigment extraction of callus of E. cinerascens,
which contradicts with former research that promoted
dimethylformamide was the efficient solvent (Moran and
Porath, 1980).
Conversely, analysis of the ratio of pigment content extracted

from callus in different solvent extractions (Table II) indicated
that the highest ratio of chlorophyll a to chlorophyll b of 9.28
was obtained in 90 per cent methanol. However, the lowest
ratio of chlorophyll a to chlorophyll b of 2.04 was obtained in
80 per cent acetone. In contrast, the highest and lowest ratios of

Figure 1 Absorption spectra of pigments extracted from fresh callus of
E. cinerascens in various solvent extractions
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chlorophylls to carotenoids were obtained in 100 and 90 per
cent methanol, with ratio of 7.23 and 3.58, respectively.
Ratio Ca/Cb is very important as the indicator of functional

pigment equipment and light adaptation of photosynthetic
apparatus, while ratio C(a 1 b)/C(x 1 c) is an indicator of the
greenness of plants (Lichtenthaler and Buschmann, 2001b).
According to the analysis, results verified that the callus
samples possess a normal ratio (4.2-5.0), comparable to most
sun leaves and sun-exposed plants, while others with a lower
ratio (�3.5) may promote the occurrence of senescence, stress
and damage to the plant or photosynthetic apparatus.

Thin layer chromatography
TLC was conducted to separate chemically similar substances.
Once the pigments completely separated, a chromatogram
formed and Rf values were calculated. Photography of
chromatograms is an applicable practice for recording and
preserving TLC analysis results (Sherma, 2000). Figure 2
illustrates chromatograms of pigment separation in methanol
(M), acetone (A) and petroleum ether (P) extracts with
different solvent systems (f, g, h, i) applied (Figure 2). In
general, the chromatograms promoted various spots in

different colours (yellow, blue, green and orange) as viewed
under UV light, and the results clarified that petroleum ether
extract promoted more spots compared to methanol and
acetone extracts.
Rf values for each of the spots were calculated and are

presented in Table III. Analysis of the results demonstrated
good pigment separation in solvent system h (25:2:3) for
acetone extract, but better pigment separation was detected in
solvent system i (20:8:2) for methanol extract. Nevertheless,
the best pigment separation was obtained in solvent system g
(26:3:1) for petroleum ether extract with four spots, which
indicated that the callus contained carotene, phaeophytin,
chlorophyll a and xanthophyll. Indeed, Rf value of carotene was
in range of 0.96-0.98, phaeophytin in the range of 0.70-0.81,
chlorophyll a in the range of 0.58-0.59, chlorophyll b in the
range of 0.42-0.48 and xanthophyll in the range of 0.15-0.35.
Phaeophytin is a degraded by-product of chlorophyll
(Katayama et al., 2003).
Basically, Rf value varied with different solvent system and

chromatography material used. Very small changes in the
composition of solvent system resulted in different Rf values. A
previous report disclosed that Rf value decreased with an
increase in the concentration of organic component in the
mobile phase (Kiss et al., 2000). Two factors affected the
distance of pigment travel, namely, the solubility of the pigment
and the absorption of pigment onto the TLC plate. More
soluble pigment travels greater distance and travels slower as
more pigments absorb onto the plate.
Both of the methods (spectrophotometric and

chromatographic) permit the identification of pigments
(Criado et al., 2007) but through different approaches. By
spectroscopy, pigments were identified through the absorption
spectra illustrated in the specific wavelength, whereas by
chromatography, pigments were separated and depicted in a
spot form on the chromatogram plate. Practically,
spectrophotometry is usually carried out as complementary to
chromatographic analysis (Melendez-Martinez et al., 2007).

Conclusions

Two types of pigments have been identified in the callus of E.
cinerascens, namely, tetraphyrroles (chlorophyll a and b) and
carotenoids (carotene and xanthophyll). Both pigments were
detected and quantified via spectroscopic and chromatographic

Table I Comparison of chlorophylls, carotenoids and total of pigment content (mg/g fresh weight) from callus of E. cinerascens measured in different solvent
extractions

Pigment content (mg/g)
Solvent extraction Ca Cb C(a1 b) C(x1 c) Total

100% acetone 22.346 0.04b 6.596 0.05c 28.936 0.02b 7.406 0.02a 36.336 0.02b
80% acetone 22.616 0.05a 11.106 0.01a 33.716 0.01a 6.136 0.04b 39.846 0.05a
95% ethanol 14.126 0.05d 4.076 0.03d 18.196 0.06d 3.816 0.01c 22.006 0.08d
100%methanol 15.056 0.02c 6.856 0.03b 21.906 0.02c 3.036 0.07e 24.936 0.02c
90%methanol 11.426 0.05e 1.236 0.05e 12.656 0.03e 3.536 0.02d 16.186 0.01e

Notes: Data represent mean value 6 standard error (SE) for three replicates of each treatment. Means with different letters in the same column are
significantly different at p = 0.01 according to DMRT. Ca: chlorophyll a; Cb: chlorophyll b, C(a 1 b): total chlorophyll a and b; and C(x 1 c): total carotenoid
(xanthophyll and carotene); subscripts a, b, c, d and e are significant to determine the best solvent to extract pigments (total), carotenoids [C(x 1 c)],
chlorophylls [C(a1 b)] or chlorophyll a (Ca) and chlorophyll b (Cb) specifically

Table II Ratio of pigments content (mg/g fresh weight) extracted from
callus of E. cinerascens in different solvent extractions

Pigment content (mg/g)
Solvent extraction Ca/Cb ratio C(a1 b)/C(x1 c) ratio

100% acetone 3.396 0.02b 3.916 0.01d
80% acetone 2.046 0.02d 5.506 0.01b
95% ethanol 3.476 0.03b 4.776 0.03c
100%methanol 2.206 0.01c 7.236 0.02a
90%methanol 9.286 0.05a 3.586 0.04e

Notes: Data represent mean value 6 standard error (SE) for three
replicates of each treatment. Means with different letters in the same
column are significantly different at p = 0.01 according to DMRT. Ca:
chlorophyll a; Cb: chlorophyll b; C(a 1 b): total chlorophyll a and b; and
C(x 1 c): total carotenoid (xanthophyll and carotene); subscripts a, b, c, d
and e are significant to promote the sample condition. As stated in the
manuscript, ratio Ca/Cb indicates the functional pigment equipment and
light adaptation of photosynthetic apparatus while ratio C(a1 b)/C(x1 c)
indicates the greenness of plants (normal, senescence, stress or damage)
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methods. The highest total of pigment content was observed in
80 per cent acetone with 39.84 mg/g. Therefore, 80 per cent
acetone was the most efficient solvent for pigment extraction of
callus of E. cinerascens. Besides, it can be concluded that
pigment extraction was influenced by types of solvent
extractions, samples, equipment and methods used. Further
research should be done using the most frequent and powerful
separation methods such as reverse-phase TLC or HPLC and
mass spectroscopy to verify and determine pigments content in
the callus of E. cinerascens and to study more details regarding
its beneficial and potential application in the future.
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Abstract :  The present work reports on the regeneration and in vitro flowering of Phlox 
paniculata  L. Different explants (leaves, petioles and stems) were cultured on Murashige 
and Skoog (MS) solid medium supplemented with different concentrations and 
combinations of α-napthaleneacetic acid (NAA) and 6-benzylaminopurine (BAP). Among 
the explants studied, leaves were found to be the most responsive and had the highest 
regeneration frequency (100%) when they were cultured in the presence of 8.0 μM NAA 
and 6.6 μM BAP. However, the regenerated plantlets did not produce any flower buds in 
successive subcultures. In vitro flowering was only induced after 4 weeks of culturing from 
shoot tip segments which were maintained on MS solid medium supplemented with zeatin 
(2.2-11.2 μM) or gibberellic acid (GA3,1.4-7.2 μM). In the present study treatment with 
11.2 μM zeatin showed the highest frequency of in vitro flowering (67.8 ±3.2%), whereas 
5.6 μM GA3 gave a lower percentage (48.8±9.3%). Although the flowers generated in vitro 
were sterile, our study would provide an important step towards future investigation on the 
essential factors in in vitro flowering in P. paniculata  and to elucidate other 
developmental, physiological and environmental stimuli, which are required for promoting 
or inhibiting the transition of a vegetative state to a flowering state in this species. 

 
       Keywords:  Phlox paniculata  L., in vitro flowering, zeatin, gibberellic acid, 
                            micropropagation 
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INTRODU CTION   
 

Phlox paniculata  L. is an important flowering plant that belongs to Polemoniaceae [1]. P. 
paniculata  L. is a perennial ornamental plant, bears dense terminal clusters of flowers in pink, 
crimson and mauve, is commonly grown as borders, and is also suitable for window boxes and tubs 
[2-4]. The species produces sterile seeds [1, 2], and even though the traditional method of 
propagation is by root cuttings, the roots are often damaged by red ants and sometimes by soil-born 
fungi. Therefore, in vitro culture is an effective technique for obtaining large-scale clonal 
propagation of P. paniculat a. Schnabelrauch and Sink [5] studied the clonal propagation of P. 
paniculata  through axillary bud culture. Later, shoot regeneration was induced from adult leaf 
segments cultured by Declerck and Korban [6]. These studies revealed the potential for inducing 
multiple shoots in in vitro cultures of this species. Moreover, multiple shoot regeneration and the in 
vitro technique are more advantageous for rapidly obtaining clonal plants as well as for 
conservation [7-11]. In some studies rapid micropropagation of plants is achieved through synthetic 
seed technology and somatic embryos [12-16]. Besides in vitro flowering, valuable bioactive 
molecules that promote antidiabetic activity, antioxidation and anticancer activity [17-21], as well 
as provide pigments for paint and coating technology are also obtained from plants either grown in 
vivo or in vitro [22-28]. 
 Flowering is a unique developmental event in plants, which involves a transition from the 
vegetative shoot apex to either an inflorescence or a floral meristem, followed by initiation and 
subsequent maturation of the floral organ [29]. The flowering process is one of the most critical 
stages in plant life and is vital for the completion of the life cycle and seed production. Under 
natural growth, the flower formation usually begins when a plant reaches maturity. The transition 
from the vegetative state to the floral stage is considered to be a complex process regulated by a 
combination of various environmental and genetic factors. Some of the important factors are plant 
growth regulators, carbohydrates, light and pH of the culture medium [30]. However, the 
mechanism of the transition from the vegetative to reproductive state is not well understood in most 
plants. In vitro flowering is an important tool for minimising the influence of environmental factors 
and therefore this technique clarifies the key influences on flowering by a precise control of plant 
growth regulators. Furthermore, in vitro flowering also provides an ideal experimental system for 
plants grown in vivo in order to study the biological mechanism of flowering. In the present work 
influences of plant growth regulators on clonal propagation with different explants and in vitro 
flowering from shoot apices of P. paniculata  have been examined. As far as we know, in vitro 
flowering in ‘Garden Phlox’ has not been reported. In the current work we used various 
concentrations of α-napthaleneacetic acid (NAA) and 6-benzylaminopurine (BAP) to 
simultaneously induce direct regeneration and in vitro flowering from shoot tips and other explants 
of this species using zeatin and gibberellic acid (GA3).  

 
MATER IALS AND METHODS 
   
Plant Mater ials and  Culture Condi tions for in Vitro Shoot Regeneration  
 

Three types of explants from leaves, petioles and stems were collected from intact garden-
raised mature plants during their vegetative stages. All explants were initially washed with tap water 
for 30 min., surface-sterilised with 50% commercial bleach (containing 5% sodium hypochlorite) 
for 1 min., then rinsed with sterile distilled water at least three times and finally dipped in 70% (v/v) 
ethanol for 1 min., followed by rinsing with sterile distilled water three times. These sterile explants 
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were cut into segments (approx. 5-10 mm in length for both petioles and stems and around 5x5-mm2 

pieces for leaves) and cultured on Murashige and Skoog solid medium [31] (0.8% Agar Technical, 
No.3, Oxoid Ltd., England) supplemented without (control) or with combinations of 2.6, 5.3, 8.0 
and 10.6 μM NAA (Sigma-Aldrich, USA) and 2.2, 4.4, 6.6 and 8.8 μM BAP (Sigma-Aldrich, 
USA). The pH of the media was adjusted to 5.8 and they were then sterilised by autoclaving at 
121ºC and 103 kpa for 20 min. All the cultures were maintained at 25±1ºC with a 16-h 
photoperiod (1000 lux). 
 
Explan t Preparat ion and  Culture Condition s for in Vitro Flowering  
 

Shoot apices were collected from 4-month-old axenic cultures (vegetative stage) of the P. 
paniculata  plant. The explants were further aseptically excised into small pieces containing 
meristems with 3-4 true leaf primordia and cultured on the solid MS medium supplemented without 
(control) or with various concentrations (2.2, 4.5, 6.7, 9.0 and 11.2 μM) of zeatin (Sigma-Aldrich, 
USA) or GA3 (Sigma-Aldrich, USA) at 1.4, 2.8, 4.3, 5.6 and 7.2 μM.  The pH of the media was 
adjusted to 5.8 and they were then sterilised by autoclaving (121ºC, 103 kpa) for 20 min. All the 
cultures were incubated at 25±1 ºC with a 16-h photoperiod (1000 lux).  
 
Morpholog ical Analysis 
 

All cultures were continuously observed from one week of treatment to evaluate their 
development by counting the total number of shoot buds/leaves initiated by the explants, and the 
state of the apical meristem, either vegetative or floral, was recorded. A meristem was classified as 
floral when the first sepal primordium of the flower that characterises the reproductive structure was 
visible. It was referred to as ‘vegetative’ when there was no apparent reproductive morphogenesis. 
The presence or absence of a basal callus and roots was also noted. Each experiment was repeated 
at least twice with 10 explants per treatment. Pooled results of the different experiments were 
analysed and presented.  
 
Statistical Analysis 
  

All data and variables were statistically analysed using SPSS statistical package version 11. 
Values were presented as mean ±SE. One-way ANOVA and Multiple Range Analysis were done 
on all data using 95% LSD intervals method. 
 
RESULTS AND DISCUSSION 
   
Shoot Regener ation from Different Explan ts 
 

Initially, three types of explants were obtained from mature plants; leaves, petioles and stems 
were sterilised and cultured on MS solid medium supplemented without (control) or with different 
levels of phytohormones as described in the Materials and Methods section. In the beginning of the 
culture direct shoot bud formation was observed in all types of explants when treated with 
phytohormones (NAA and BAP) but not in the control. However, none of the explants showed 
callus formation. Within 5 weeks of culture, vegetative buds further developed and regenerated into 
shoots (Figure 1a). The highest frequency (100%) of shoot regeneration was obtained from leaf 
explants when cultured on medium supplemented with 8.0 μM NAA and 6.6 μM BAP (Figure 1b). 
However, at this level of phytohormones, maximum shoot regeneration was also observed in petiole 
and stem explants with a rate of 67.8±3.2 and 48.8±9.3% respectively (Figure 1b). Subsequently, 
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root formation was observed in all clonal shoots within 11 weeks and they all developed into 
individual plantlets. When acclimatised and transferred to the field, about 90% of the clonal 
plantlets survived under natural environmental conditions without showing any morphological 
variation during their development. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure  1.  In vitro shoot regeneration of Phlox paniculata : (a) profuse vegetative shoot formation 
from mature leaf explants cultured on MS solid medium supplemented with NAA and BAP (8.0 and 
6.6 μM respectively) in plastic sterile tubes after 5 weeks. The bar indicates 1 cm; (b) graph 
showing in vitro shoot regeneration pattern from different explants in response to various 
concentrations of NAA and BAP, after 8 weeks of culture  
 

Cytokinin and auxin addition for the in vitro shoot regeneration has been studied in many plant 
species [32-34]. Various reports have shown that the in vitro shoot regeneration can be successfully 
induced by using a combination of BAP and NAA [35-38]. In the medicinal plant Withania 
somnifera cultured on MS medium supplemented with 8.8 μM BAP and 0.5 μM NAA, multiple 
shoot regeneration was observed [39]. This was also observed in Celosia argentea  cultured on MS 
medium supplemented with 1.0 mg/L BAP and 0.5 or 1.0 mg/L NAA [40]. In addition, in an in 
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vitro multiple shoot regeneration protocol of Boerhaavia diffusa by Roy [41], it was shown that a 
maximum frequency of 90% could be obtained only when it was cultured in MS medium containing 
BAP (6.6 μM) and NAA (2.6 μM). Consistent with those previous findings, in the present work we 
have also shown that NAA (8.0 μM) plus BAP (6.6 μM) treatment generates a maximum frequency 
of multiple shoot regeneration in vitro in P. paniculata . Even though NAA promotes rooting, there 
is a synergistic effect in combination with a slightly higher NAA concentration for inducing 
multiple shoots in P. paniculata . Similar findings were also reported by Elias et al. [42] and Ahmed 
et al. [43] in the in vitro shoot formation of Echinocereus cinerascens  and Phyla nodiflora 
respectively. Thus, the success in raising plants through direct regeneration and bypassing the 
callogenesis phase has opened up the possibility for a large-scale clonal propagation of P. 
paniculata . When other combinations of phytohormones, like kinetin and NAA, kinetin and 3-
indole acetic acid (IAA), BAP and 2,4-dichlorophenoxyacetic acid (2,4-D) or kinetin and 2,4-D, 
were used at different concentrations, profuse shoot regeneration was not evident in all three types 
of cultured segments. However, in the current work successive subculturing of the regenerated 
plants did not show further morphogenetic differentiation such as floral transition. 
 
In Vitro Flowering  
 
      To induce in vitro flowering, shoot tip explants were further collected from 4-month-old aseptic 
plants and cultured on MS solid medium supplemented with various concentrations of singly 
applied zeatin and GA3 (Table 1). After 4 weeks of treatment, the development of multiple shoots 
and initiation of flower buds were observed from cultured explants only when treated with NAA or 
BAP but not in the control (Table 1). Their successive subcultures generated white flowers with 
purple or pink stripes (Figure 2). In this experiment 3-4 flowers per plantlet developed within 7-8 
weeks of culture. Treatment with zeatin at a concentration of 11.2 μM resulted in the highest 
frequency (67.8±3.2%), whereas 5.6 μM GA3 gave 48.8±9.3% of in vitro flower induction (Table 
1). However, treatment with either zeatin or GA3 resulted in the formation of white or pink flowers 
occasionally. All the developed flowers were approximately 1.7-2.0 cm in width and were formed 
from the apical and axillary buds (Figure 2). Each bloom had 5 sepals, slightly extended and 
pointed at their middles with an extended and fused throat that opens into 5 distinct and overlapping 
lobes. However, the in vitro flowers failed to develop other reproductive organs such as stamens, 
stigmas or pistils even when they were subcultured for a long period of about 10 months 

In earlier studies the cytokinins requirement for the growth and development of flower buds has 
been reported in both monocots [44] and dicots [45-46]. The promotion of in vitro flowering by 
cytokinins was repeatedly reported [47-53]. The influence of cytokinins on the in vitro flowering of 
Perilla frutescens is surprising [54]. Also, the beneficial effect of cytokinins on the induction of 
flowering for other plants was reported in orchids [55], Fortunella hindsii [56] and Lemna [57]. The 
results presented here in Table 1 are similar to those previous findings. However, high 
concentrations of zeatin caused inhibition of in vitro flowering (data not shown).    
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Table 1. In vitro flowering of Phlox paniculat a on MS medium supplemented with different 
concentrations of zeatin and GA3 
 

Treatment (μM) Response Mean % of flowering plantlets  
(±SE) 

MS + zeatin (0.0) No flowering response 0 
MS + zeatin (2.2) Flowering response 21.6 ± 3.7 de 
MS + zeatin (4.5) Flowering response 25.6 ± 2.9 d 
MS + zeatin (6.7) Flowering response 26.9 ± 2.8 d 
MS + zeatin (9.0) Flowering response 37.0 ± 3.3 c 
MS + zeatin (11.2) Flowering response 67.8 ± 3.2 a 

MS + GA3 (0.0) No flowering response 0 
MS + GA3 (1.4) Flowering response 35.1 ± 8.4 c 
MS + GA3 (2.8) Flowering response 39.0 ± 3.6 bc 
MS + GA3 (4.3) Flowering response 47.9 ± 3.8 b 
MS + GA3 (5.6) Flowering response  48.8 ± 9.3 b  
MS + GA3 (7.2) Flowering response 34.4 ± 2.3 cd 

 
Note:  Mean values followed by the same letter within a column are not significantly different at the 0.05 
level according to LSD test.  
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure  2.  Flower development after 6 weeks on shoot tip explant culture of Phlox paniculata. The 
MS medium, supplemented with zeatin (11.2 μM) or GA3 (5.6 μM), gives shoot multiplication with 
flowers (arrowed) of purple (a) or pink stripes (b). Bar indicates 1 cm.  

 

 In certain plants auxin has been reported to be either ineffective or inhibitory [58] in the in vitro 
flowering induction process. In this study an absence of in vitro flowering formation was observed 
when different concentrations of 2,4-D and IAA were utilised in the culture medium. In contrast, 
gibberellins have been reported as an inducer of the flowering process in several long-day and cold-
requiring rosette plants [59]. GA3 was even able to regenerate sporophytes from gametophyte 
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explants in ferns [60]. In earlier work it has been postulated that a GA3 promotive pathway exists in 
Arabidopsis thaliana  [61], where GA3 activates the LEAFY (a floral meristem identity gene) 
transcription [62]. Considering these findings, our results support the idea that independently, zeatin 
or GA3 may form one of the key factors without which floral bud initiation and their subsequent 
development are not possible in P. paniculata . However, a detailed study on the actual mode of 
action of zeatin and GA3 in the in vitro flowering process in Phlox remains to be examined. In both 
cases, two to four flowers were produced from each in vitro cultured explant (Figure 2). However, 
neither the flowers supplemented with zeatin nor with GA3 showed fruiting in the subsequent 
culture. This might have been due to the absence of other reproductive organs. In the current study 
complete flowering was not observed even when they were cultured in the presence of kinetin and 
IAA; perhaps different conditions might be required for the induction and development of normal 
flowers. In previous study by Taha [63] on Murraya paniculata , complete plant regeneration was 
achieved from portions of cotyledons and shoot explants when they were cultured in MS medium 
supplemented with 4.44 μM BAP. On subsequent subculture on MS basal medium, 80% of 
flowering was obtained, while MS medium fortified with 2.69-10.74 μM NAA gave 62-72% of 
flowering [63]. In Begonia x hiemalis, the best explant for in vitro flowering was inflorescence 
cultured on MS medium supplemented with 4.44 μM BAP, 5.37 μM NAA, 4% sucrose and 40 mg/L 
adenine [64]. It seems that different species require different hormonal regimes for in vitro 
flowering. 

Flowering is an important phase in the developmental processes of floricultural crops. In this 
study an attempt was made to identify the most favourable set of environmental and nutritional 
conditions for adventitious shoot regeneration and flower induction in vitro. An interesting feature 
of the present study is that the process of in vitro shoot apex flowering is responsive to only zeatin 
or GA3. This is a significant phenomenon considering the fact that the explants were obtained from 
axenic cultures and that it is possible to avoid the maturation period spanning several months before 
a plant produces flowers. Further experiments should lead to a better understanding of the 
physiological and molecular events underlying the shift from the vegetative state to the flowering 
state, as well as a better understanding of factors related to overcoming flower sterility and of seed 
formation in vitro.  
 
CONCL USIONS 
   

Among the explants tested, those from leaf segments were found to be the most responsive 
and have the highest regeneration frequency (100%) when cultured in the presence of 8.0 μM NAA 
and 6.6 μM BAP, whereas treatment with 11.2 μM zeatin gave the highest frequency of in vitro 
flowering (67.8 ±3.2%). This protocol may be extended to plant breeding studies for the purpose of 
quick flowering and fruit and seed formation under in vitro conditions. 
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