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DEVELOPMENT OF PROTOCOL FOR IN VITRO REGENERATION IN  

ABELMOSCUS ESCULENTUS (L.) MOENCH (OKRA) THROUGH SHOOT APICAL 

MERISTEM, AND NUTRIENT AND BIOCHEMICAL COMPOSITION OF ITS LEAVES 

AND FRUITS 

 

By 

 

NWACHUKWU EMMANUEL CHIKA 

July      

 

Chairman: Rosimah Nulit, PhD 

Faculty:      Science 

 

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 

(   -   mm) of okra seedlings were excised.  Shoot apical meristems (SAM) were 

cultured in MS medium supplemented with a range of concentrations of NAA (   mg/l -

.   mg/l, BAP (   mg/l,   -    mg/l), and in combination of NAA and BAP (   mg/l – 

   mg/l). This present study showed the highest shoot proliferations and formation from 

SAM on semi-solid MS medium cultured on    mg/l BAP with four shoots per culture 
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and best rooting on    mg/l with an average of   roots per culture. The plantlets were 

transferred into pots containing soil for acclimatization and showed average of     

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 (     ) 

and ash (     ) in okra leaves while fruits contain highest percentage carbohydrate 

(     %), crude fiber (     ) and moisture (      ). 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 (     mg/   g), carotenoids 

(    mg/   g), Chlorophyll b (   mg/   g). Furthermore, the result also showed highest 

total phenolics (    mg/   g) and flavonoids (    mg/   g) 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. 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai    
memenuhi keperluan untuk ijazah Master Sains 
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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      

 
 

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 (   -   mm) diisolat dari anak benih okra, kemudian 

dikulturkan didalam MS media yang ditambah dengan NAA dengan julat kepekatan 

antara     -.   mg/l, MS media yang ditambah dengan BAP dengan julat kepekatan 

antara    mg -    mg/l, dan MS media dengan kombinasi NAA dan BAP dengan julat 
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kepekatan antara    –   mg/l. Kajian ini mendapati pertumbuhan/penggandaan  dan 

pembentukan pucuk dari tisu apikal meristem adalah paling baik dalam MS media yang 

ditambah dengan    mg/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 (     ) dan abu 

(     %) lebih tinggi berbanding dengan buah okra. Manakala buah matang 

menunjukkan kandungan  karbohidrat (      ) dan serat (     ) lebih tinggi. Kajian ini 

juga telah berjaya membuktikan bahawa kandungan klorofil, fenolik dan flavonoid lebih 

tinggi dari buah okra. Sebagai perbandingan, kandungan klorofil  a dan karotenoid 

adalah tinggi dalam daun matang iaitu       mg/   g dan      mg/   g.  Manakala 

kandungan klorofil b adalah tinggi (    mg/   g) 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      

mg/   g dan kandungan flavonoid tinggi dalam daun matang (     mg/   g). 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 
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CHAPTER   

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.,     ; Kabir et al.,     ; Rahman et al.,     ; Ganesan et al.,     ; Haider et al., 

    ). 

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.,     ). 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.,     ). Okra (Abelmoschus esculentus) an ever-green 
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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,     ; Rao,     ).  

Okra is sold as vital annual vegetable crop generally marketed fresh throughout the 

South East Asia regions (Rahman et al.,     ). 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,     ). 

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.,     ; Kabir 

et al.,     ; Ganesan et al.,     ; Uda et al.,     ; Basu and Kirtiker,     ; Chopra, 

    ). The fresh fruits have high content of mucilage and industrially used in 

confectionary for manufacturing gums (Siemonsma & Kauoma,     ; Schalau,     ). 

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,     ; Anisuzzaman et al.,     ). 
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    Problems Statements and Justification of study 

In the present study, there are two problems statements; I) previous studies were done 

on in vitro regeneration of okra using different parts of okra plant as explants. Previous 

studies by Haider et al. (    ) using hypocotyls as explants followed by Ganesan et al., 

(    ) using somatic embryo for in vitro regeneration. Kabir et al. (    ) used leaf and 

root for in vitro regeneration of okra and cotyledonary node was used as explants (Renu 

et al.,     ). 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. (    ). 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 (    ) & Charrier (    ) reported on the 

protein and oil content of okra seeds while Kumar et al. (    ); Lui et al. (    ) 

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:          

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

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