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Okra is an important vegetable of valuable nutrient, good sources of vitamins, important
antioxidants and medicinal compounds such as polyphenols and gossypol. The tissue
culture was carried out by using shoot apical meristem while the nutritional and
biochemical values of fresh okra leaves and fruits were evaluated. Meristematic tissues
(0.4-0.6mm) of okra seedlings were excised. Shoot apical meristems (SAM) were
cultured in MS medium supplemented with a range of concentrations of NAA (0.1mg/l -
.0.5mg/l, BAP (0.1mg/l, 2 - 4.0mg/l), and in combination of NAA and BAP (0.1mg/l —
1.0mg/l). This present study showed the highest shoot proliferations and formation from

SAM on semi-solid MS medium cultured on 1.5mg/l BAP with four shoots per culture



and best rooting on 1.0mg/l with an average of 4 roots per culture. The plantlets were
transferred into pots containing soil for acclimatization and showed average of 82%
survival. The proximate analysis was used to determine the percentage of protein,
carbohydrate, ash, fats, fiber and moisture present in okra leaves and fruits. In addition,
selected biochemical properties of okra leaves and fruits such as Chlorophyll a, b,
xanthophylls and caretonoids, total phenolics and total flavonoids were measured
spectrophotometrically. This study revealed the highest percentage of protein (4.82%)
and ash (2.44%) in okra leaves while fruits contain highest percentage carbohydrate
(11.17%), crude fiber (2.44%) and moisture (88.47%). Interestingly, this present study
found that okra leaf contains higher chlorophyll, total phenolics and total flavonoid than
okra fruit. Okra leaf showed highest chlorophyll a (23.66mg/0.1g), carotenoids
(4.63mg/0.1g), Chlorophyll b (6.6mg/0.1g). Furthermore, the result also showed highest
total phenolics (0.99mg/0.1g) and flavonoids (0.80mg/0.1g) in the leaf. This study has
established standard protocol for in vitro regeneration of mucilaginous plant such as
okra and okra leaf has shown to contain high nutritional and biochemical value

compared with okra fruit.

Keywords: Abelmoschus esculentus, shoot apical meristem, in vitro regeneration,
proximate analysis, chlorophyll, total phenolics, total flavonoids.
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REGENERASI ABELMOSCHUS ESCULENTUS (L.) MOENCH (BENDI) SECARA IN
VITRO MENGGUNAKAN TISU APIKAL MERISTEM, DAN KAJIAN PEMBANDINGAN
KANDUNGAN, DAN NUTRIEN DAN BIOKIMIA DIANTARA DAUN DAN BUAH

Oleh
NWACHUKWU EMMANUEL CHIKA
Julai 2013

Pengerusi: Rosimah Nulit, PhD.

Fakulti: Sains

Okra (bendi) merupakan salah satu sayur-sayuran yang tinggi dengan kandungan
nutrien, sumber vitamin dan mengandungi kompaun perubatan seperti folifenol,
gossypol. Sehingga kini tiada kajian menggunakan tisu apikal meristem untuk
regenerasi pokok okra secara in vitro. Oleh yang demikian, objektif pertama kajian ini
adalah untuk menghasilkan prosedur untuk regenerasi tumbuhan okra secara in vitro
menggunakan tisu apikal meristem sebagai eksplan. Okra merupakan sayur yang
penting disebabkan kandungan nutrisi dan biokimia yang terdapat pada buah atau pod.
Tetapi, sehingga kini tiada kajian dijalankan terhadap kandungan nutrisi dan biokimia ke
atas daun okra. Oleh itu, objektif kajian ini adalah untuk menentukan kandungan nutrisi
daun dan buah okra dan untuk membandingkan kandungan biokimia iaitu klorofil a, b,
karotenoid dan xantofil, fenolik dan flavonoid di antara daun dan buah (muda dan
matang) okra. Tisu apikal meristem (0.4-0.6mm) diisolat dari anak benih okra, kemudian
dikulturkan didalam MS media yang ditambah dengan NAA dengan julat kepekatan
antara 0.1 -.0.5mg/l, MS media yang ditambah dengan BAP dengan julat kepekatan

antara 0.1mg - 4.0mg/l, dan MS media dengan kombinasi NAA dan BAP dengan julat

v



kepekatan antara 0.1-1.0mg/l. Kajian ini mendapati pertumbuhan/penggandaan dan
pembentukan pucuk dari tisu apikal meristem adalah paling baik dalam MS media yang
ditambah dengan 1.5mg/l BAP dengan empat pucuk per kultur. Kesemua plantlet
berupaya untuk tumbuh sehingga berbunga dan berbuah. Kajian ini mendapati analisis
proksimat menunjukkan daun okra mengandungi kandungan protin (4.82%) dan abu
(2.44 %) lebih tinggi berbanding dengan buah okra. Manakala buah matang
menunjukkan kandungan karbohidrat (11.17%) dan serat (2.44%) lebih tinggi. Kajian ini
juga telah berjaya membuktikan bahawa kandungan klorofil, fenolik dan flavonoid lebih
tinggi dari buah okra. Sebagai perbandingan, kandungan klorofii a dan karotenoid
adalah tinggi dalam daun matang iaitu 23.66 mg/0.1g dan 4.63 mg/0.1g. Manakala
kandungan klorofil b adalah tinggi (6.6 mg/0.1g) dalam daun muda. Kajian ini juga telah
mendapati kandungan fenolik dan flavonoid lebih tinggi dalam daun berbanding dengan
buah di mana daun muda menunjukkan kandungan fenolik yang tinggi iaitu 0.99
mg/0.1g dan kandungan flavonoid tinggi dalam daun matang (0.80 mg/0.1g). Sebagai
kesimpulan, procedur untuk regenerasi secara in vitro pokok okra menggunakan tisu
apikal meristem sebagai eksplan telah berjaya dihasilkan dan sebagai komplemen
dengan kajian terdahulu. Hasil penemuan kajian ini telah berjaya membuktikan

kandungan nutrisi dan biokimia daun okra lebih tinggi dari pada pucuk.

Katakunci: Abelmoschus esculentus, pucuk apical meristem, regenerasi secara in vitro,
analisis proksimat, klorofil, fenolik, flavonoid



ACKNOWLEDGEMENTS

| am grateful to all that contributed to the successful completion of this thesis;
Outstanding among whom is the chairman of the supervisory committee, Dr. Rosimah
Nulit, for her intellectual guidance, suggestions, encouragement and advices which

contributed immensely in making this research a reality.

My appreciation must go to Associate Professor Dr. Rusea Go, for her academic
guidance and support throughout my research. My warm gratitude also goes to my
colleagues and the staffs of the Tissue Culture laboratory, Department of Biology,

Faculty Science for their technical support and kind assistance throughout my study.

My special gratitude goes to my parents; Engr. and Mrs. J. M. Nwachukwu for their
emotional, moral and financial support. | want to use this opportunity to thank my sister
and brothers especially my younger brother Franklin Nwachukwu for his

encouragement.

My thanks also go to my friends; Nkem Okafor, Bright Ineanacho, Nicholas Ikedima.

Finally, | thank the Almighty God for His grace, mercy, love and blessings which He has

shown me throughout my stay in Universiti Putra Malaysia.

\



| certify that a Thesis Examination Committee has met on 18" September 2013 to
conduct the final examination of Emmanuel Chika Nwachukwu on his thesis entitled
"Development of Protocol for In vitro Regeneration in Abelmoschus esculentus (L.)
Moench (Okra) Through Shoot Apical Meristem, and Nutrient and Biochemical
Composition of its Leaves and Fruits” in accordance with the Universities and University
College Act 1971 and the Constitution of the Universiti Putra Malaysia [P.U. (A) 106] 15
March 1998. The committee recommends that the student be awarded the Master of
Science.

Members of the Thesis Examination Committee were as follows:

Dr. Nor Azwady bin Abd Aziz
Jabatan Biologi,
Faculti Sains.
Universiti Putra Malaysia.
43400 UPM Serdang, Selangor.

Dr. Nur Ashikin Psyquay binti Abdullah
Jabatan Sains Tanaman,
Faculti Pertanian.
Universiti Putra Malaysia.
43400 UPM Serdang, Selangor.

Dr. Hishamuddin bin Omar
Jabatan Biologi,
Faculti Sains.
Universiti Putra Malaysia.
43400 UPM Serdang, Selangor.

BUJANG KIM HUAT, PhD
Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date: October, 2013.

VI



This thesis submitted to the Senate of Universiti Putra Malaysia and has been accepted
as fulfilment of the requirement for the degree of Master of Science. The members of
the Supervisory Committee were as follows:

Rosimah Nulit, PhD.
Senior Lecturer

Faculty of Science
Universiti Putra Malaysia
(Chairman)

Associate Professor Rusea Go, PhD.
Associate Professor

Faculty of Science

Universiti Putra Malaysia

(Member)

BUJANG BIN KIM HUAT, PhD.
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

VI



DECLARATION

| declare that the thesis is my original work except for quotations and citations which
have been duly acknowledged. | also declare that it has not been previously, and is not
concurrently, submitted for any other degree at Universiti Putra Malaysia or other
institutions.

EMMANUEL CHIKA NWACHUKWU

Date: 18" September, 2013.



TABLE OF CONTENTS

Page
DEDICATION ii
ABSTRACT iii
ABSTRAK %
ACKNOWLEDGEMENTS vii
APPROVAL Vi
DECLARATION X
LIST OF TABLES XVi
LIST OF FIGURES XVii
LIST OF ABBREVIATIONS XViii
CHAPTER
1 INTRODUCTION.
1.1 Problems Statements and Justification of study 3
2 LITERATURE REVIEW.
2.1 Status of Plant Micropropagation 4
2.2. Different Types of Plant Micropropagation 5
2.3. Propagation Using Shoot Apical Meristem (SAM) 7
2.3.1 Advantages of Meristem Tissue as an Explant 7
2.4. Using Okra as Plant Micropropagation Model 8
2.5. Reasons for Tissue Culture 10
2.5.1 Tissue culture has several critical requirements 10
2.5.2 Culturing Plant Tissue 11
2.5.3 Elimination of Microbial Contaminants 11
2.5.4 Establishment of Explants in Culture Medium 12
2.6. The Role of Plant Growth Regulators 12
2.7. Background of Okra 15



2.8.

2.9.

MICROPROPAGATION AND REGENERATION OF ABELMOSCHUS

2.7.1 Morphology of Okra
2.7.2 Okra World Industry

2.7.3 The Importance of Okra

Okra Insects/Pest
2.8.1 Common Okra Diseases
Nutritional Values of Okra

2.9.1 Proximate Analysis of Okra
2.9.2 Antioxidants

2.9.3 Chlorophyll

2.9.4 Foods that contain chlorophyll

ESCULENTUS (OKRA) FROM SHOOT APICAL MERISTEM

3.0
3.1.

3.2.

Introduction

Materials and methods

3.1.1 Plant Material

3.1.2 Location of the Study

3.1.3 Pre Culture Preparation
3.1.4 Preparation of Culture Media
3.1.5 Statistical Analysis
Sterilization Test

3.2.1 Effects of Different Liquid Media Formulation towards
establishment of Primary Meristem Tissue

3.2.2 Effects of Solid and Semi-Solid Medium toward the
establishment of Primary Meristem Tissues

3.2.3 Effects of Plant Growth Regulators on Shoot
Multiplication

3.2.4 Effects of Plant Growth Regulators on Root
Development and Multiplication

16
17

19

20
22
24

24
27

28

29

31
34
34
35
35
36
37
37

39

41

42

43

Xl



3.2.5 Acclimatization 44
3.6. Results 45
3.6.1 Standardization test 45

3.6.2 Effects of Different Liquid Media Formulation towards
establishment of Primary Meristem Tissue 47

3.6.3 Effects of Solid and Semi-Solid Medium toward the
establishment of Primary Meristem Tissue 48

3.6.4 Effects of Plant Growth Regulators on Shoot

Multiplication 51
3.6.4 Effects of Plant Growth Regulators on Root
Development and Multiplication 54
3.6.5 Acclimatization 57
3.7. Discussion 58

PROXIMATE AND BIOCHEMICAL ANALYSIS OFABELMOSCHUS
ESCULENTUS (OKRA) FRUITS AND LEAVES

4.1 Introduction 63
4.2 Materials and Methods 64
4.2.1 Plant Materials 64
4.2.2 Analysis of nutrient 65
4.2.3 Proximate Analyses 65
4.2.4 Percentage of Moisture 65
4.2.5 Percentage of rude Protein 66
4.2.6 Percentage of crude Fibre 67
4.2.7 Percentage of Oll 67
4.2.8 Percentage of Ash 68
4.2.9 Percentage of Carbohydrate 69
4.3 Biochemical Analyses 69

Xl



4.4.
4.5.

4.6

4.7.

4.3.1 Determination of Chlorophyll content in Fruits and
leaves

4.3.2 Total phenolic content

4.3.3 Total flavonoid content

Analysis of data

Results

4.5.1 Proximate analysis
4.5.1.1 Percentage of Moisture
4.5.1.2 Percentage of crude Protein
4.5.1.3 Percentage of crude Fibre
4.5.1.4 Percentage of Oil
4.5.1.5 Percentage of Ash
4.5.1.6 Percentage of Carbohydrate

Biochemical Analyses

4.6.1 Chlorophyll a, b,c and total Chlorophyll

4.6.2 Total Phenolic Content

4.6.3 Total Flavonoids Content

Discussion

69

70
71

71

72
72
72
73
74
75
76
77
79
79
81

82
83

Xl



5 SUMMARY, GENERAL CONCLUSION AND
RECOMMENDATIONS FOR FUTURE RESEARCH

5.0 Summary 86

5.1 Conclusion 88

5.2 Future Recommendation 89
References 91
Appendices 103
BIODATA of the Student 110

XV



LIST OF TABLES
Table
2.1 Common Plant Tissue Disinfestant agents
2.2 Major Okra producing Country over the world in year 2009-2010

2.3 Okra- Average retail price per pound and per cup equivalent, 2008

2.4 Biochemical and nutritional values of fresh okra per 100g

3.0 Surface sterilization treatment for SAM of okra

3.1 The treatment for primary establishment of SAM of okra in liquid
MS medium

3.2 The different treatment of BAP and NAA in MS medium for shoot
multiplication and elongation

3.3 List of treatment for in vitro rooting of plantlets produced
from SAM of okra

3.4 Percentage of contaminated, surviving and dead meristem tissue
(SAM) of okra seedling 28 days after culture

3.5 Effects of different concentrations of BAP and NAA singly and in
combination in Solid, Semi-Solid and Liquid MS medium toward the
establishment of primary meristem tissues from SAM of okra

3.6 Effects of different concentrations of BAP and NAA singly and in
combination in MS medium for Shoot Multiplication

3.7 Effects of different concentrations of IAA and BAP singly and in
combination in MS medium for Root Multiplication

3.8 Percentage of plantlets that survived acclimatization process

4.1 The quantity chlorophyll a, b and carotenoids in mature, young fruits
and leaves

Page
11
18
19

26
38

40

43

44

46

49

52

55

57

79

XV



LIST OF FIGURES
Figure

3.0 Aseptically germinated seedling for in vitro culture

Page

36

3.1 Filter paper bridge in semi-solid media where SAM explants are placed 37

3.2 Representative pictures of the development of isolated green okra
SAM in liquid, solid and semi-solid

3.3 Effects of Plant growth regulators towards shoot development of okra

3.4 Effects of plant growth regulators towards shoot and root
development of green okra

4.0 Mature and young okra fruits used for some selected
biochemical analysis

4.1 The percentage of moisture in the mature, young fruits and leaves
4.2 The percentage protein in the mature, young fruits and leaves
4.3 The percentage fibre in the mature, young fruits and leaves

4.4 The percentage oil in the mature, young fruits and leaves
4.5 The percentage ash in the mature, young fruits and leaves
4.6 The percentage carbohydrate in the mature, young fruits and leaves

4.7 The percentage Total chlorophyll in young leaf, mature leaf, young
fruits and mature fruits of green okra

4.8 The percentage total phenolic in young leaf, mature leaf, young fruit
and mature fruits of green okra

4.9 The percentage total flavonoids in young leaf, mature leaf, young and

mature fruit of green okra

50

53

56

54

73
74
75
76

77

78

80

81

82

XVI



ANOVA
ATP
BAP
°C
Cm
dH20
Ethanol
FAO
HCI
Hrs
I
M
Mg
Min

mM

mm

MS

NAA

NaCl

NPU

%

PER

PGR

LIST OF ABBREVIATIONS

Analysis of variance
Adenosine Triphosphate
N® —benzylaminopurine
Degree celsius
Centimeter

Distilled water

Ethyl alcohol

Food and Agriculture Organization of the United Nation
Hydrochloric acid

Hours

Littre

Molar

Milligram

Minute

Milimolar

Millimeter

Murashiage and Skoog

| -Naphthaleneacetic acid
Sodium Chloride

Net Protein Utilization
Percentage

Protein Efficiency Ratio

Plant Growth Regulator

Xvii



pH Negative logarithm of hydrogen ion concentration

SAM Shoot Apical Meristem
SE Standard Error

t Tones

uv Ultraviolet

viv Volume over volume
wiv Weight over volume
Mg Microgram

I Microliter

XVII



CHAPTER 1
INTRODUCTION
There are many ways of plant propagation either through seed, cutting and tissue
culture. Tissue culture offers alternative means of propagation and helps to overcome
some conventional disadvantages such as disease and seasonal problems. Other
notable advantages of in vitro regeneration are rapid multiplication of plants; plantlets
produced grow faster, healthier, stronger and have shorter production cycle and
desirable yields. The use of shoot apical meristem and modifying PGRs within the
culture medium are alternative ways to establish an ideal in vitro regeneration protocol.
Plant growth regulators such as auxins and cytokinins in certain amount have
demonstrated positive responds in morphogenesis of callus, organogenesis,
embryogenesis as well as multiple shoot regeneration of okra. There are other factors
that contribute for okra in vitro culture such as genotype, tissue type, pH of the media,
aeration as well as other organic compounds such as vitamins and myo-inositol (Ashish
et al., 2008; Kabir et al., 2008; Rahman et al., 2008; Ganesan et al., 2007; Haider et al.,

1993).

The use of shoot apical meristem explants as a protocol in propagation of mucilaginous
plants such as okra proved an alternative potential application for development of new
cultivars and encourages breeding lines (Ahmed et al., 2007). Other methods of in vitro
regeneration of okra has been used while in this present study, okra was used as a
model plant for in vitro regeneration using shoot apical meristem to overcome some
constrains such mucilage and contamination through number of sub-culturing as

reported by (Ganesan et al., 2007). Okra (Abelmoschus esculentus) an ever-green



vegetable with bright yellow and black beautiful blooms of flowers belongs to the family
Malvaceae. It is a cosmopolitan vegetable that dominates in South East Asia, West
Africa, Turkey, Brazil, North America, India, Portugal, Cuba, and Middle East

(Duzyaman, 1997; Rao, 1985).

Okra is sold as vital annual vegetable crop generally marketed fresh throughout the
South East Asia regions (Rahman et al., 2008). The fresh fruits are capsulated and
consist of greenish to whitish round seeds that are most widely consumed in boiled or
fried. The leaves are also used fresh as salad. The fresh fruits have high content of
mucilage and are commonly used in Africa dishes for preparing soup (Ndunguru &

Rajabu, 2004).

Okra is nutritious and is a good source of vitamin A and C, carbohydrates, proteins and
important medicinal compounds such as polyphenols, gossypol, calcium and iron with
low soluble fibres and pectins that lower serum cholesterol (Adetuyi et al., 2011; Kabir
et al., 2008; Ganesan et al., 2007; Uda et al., 1997; Basu and Kirtiker, 1984; Chopra,
1969). The fresh fruits have high content of mucilage and industrially used in
confectionary for manufacturing gums (Siemonsma & Kauoma, 2004; Schalau, 2002).
Thus, due to the high consumption rate, the importance of okra in agriculture
significantly increased in terms of economic value. Procedures for mass in vitro
propagation and clones/plantlets derived from meristems are genetically stable and
phenotypically homogenous as well as bridging the gap in seasonal production as well
as continuous availability of planting materials. The plant meristems are frequently
devoid of systemic pathogen due to the absence of differentiated conducting tissues

(Benchasri, 2012; Anisuzzaman et al., 2010).



1.1 Problems Statements and Justification of study

In the present study, there are two problems statements; |) previous studies were done
on in vitro regeneration of okra using different parts of okra plant as explants. Previous
studies by Haider et al. (1993) using hypocotyls as explants followed by Ganesan et al.,
(2007) using somatic embryo for in vitro regeneration. Kabir et al. (2008) used leaf and
root for in vitro regeneration of okra and cotyledonary node was used as explants (Renu
et al., 2008). No studies on in vitro regeneration of okra using shoot apical meristem
have been so far reported. Thus, this study used shoot apical meristem (SAM) at
seedling stage to regenerate whole okra and to overcome some problems of in vitro
regeneration of mucilaginous plant that contaminates easily such as Aloe vera as
reported by Ahmed et al. (2007). Since okra is used as a model for in vitro regeneration,
it is also necessary to study the proximate and biochemical content as okra is regarded
as important vegetable in Nigeria. However, many previous studies extensively focused
on okra nutrients in the fruits/pods. Tandall (1983) & Charrier (1984) reported on the
protein and oil content of okra seeds while Kumar et al. (2009); Lui et al. (2005)
reported on the carbohydrate content present in the okra pods in form of mucilage.
Therefore, no study was conducted to determine nutritional and biochemical

composition of okra leaves. Hence, the objectives of this study are:

1. To establish a protocol for in vitro regeneration of green okra variety through shoot
apical meristem.

2. To evaluate nutritional values of fresh okra fruits and leaves and its selected
biochemical content.
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