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ABSTRACT 

 

Citrus hystrix belongs to the Rutaceae family and is one of the most important 

commercial crops based on its nutritional, medicinal and economic value. An 

experiment was conducted for callus induction from leaf explant of C.hystrix and to 

determine the best combination of 2,4-dichlorophenoxyacetic acid (2,4-D) and Kinetin 

(KIN) on the callus induction with six explants per treatment. This experiment was 

conducted using Randomized Complete Block Design (RCBD) with 15 treatments and 3 

replications. Data were analyzed using the Analysis of Variance (ANOVA) and Duncan 

Multiple Range Test (DMRT) was used for comparison between treatment means. There 

was significant difference on explant survival. The highest percentage of explant 

survival was 68% in T5 (2.0 mg/l KIN). Besides, there was no significant difference on 

explant producing callusbetween treatments. The highest mean percentage of explant 

producing calluswas in T5 (2.0mg/l KIN) which was 28% within 27 days of inoculation. 

T5 (2.0 mg/l KIN), T9 (3 mg/l 2,4-D + 1.5 mg/l KIN) and T15 (5 mg/l 2,4-D +  2.0 mg/l 

KIN) showed intensive callusing. It was found that T5 (2.0 mg/l KIN), T8 (3 mg/l 2,4-D 

+ 1.0 mg/l KIN) and T10 (3 mg/l 2,4-D +  2.0 mg/l KIN) were likely to become 

embryogenic due to the presence of nodular structure. Thus, further studies need to be 

conducted to obtain the best combination of hormones on callus induction from leaf 

explant of C.hystrix employing short incubation period, producing high intensity of 

callusing and the ability to form embryogenic callus. 
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ABSTRAK 

 

Citrus hystrix tergolong dalam keluarga Rutaceae dan merupakan salah satu 

tanaman komersial yang penting berdasarkan nilai pemakanan, perubatan dan ekonomi. 

Satu eksperimen telah dijalankan untuk mendorong pembentukan kalus pada daun 

eksplan C. hystrix dan menentukan kombinasi hormon yang terbaik antara asid 2,4-

Dichlorophenoxyacetic (2,4-D) dan Kinetin (KIN). Rekabentuk RCBD telah digunakan 

dalam eksperimen ini dengan 15 rawatan dan 3 replikasi dan enam eksplant untuk setiap 

rawatan. Analisis varians (ANOVA) telah digunakan untuk menganalisa data dan Ujian 

Kepelbagaian Duncan (DMRT) telah digunakan untuk perbandingan purata antara 

rawatan yang telah digunakan. Hasil kajian menunjukkan terdapat perbezaan yang 

signifikan pada rawatan yang digunakan untuk peratusan eksplan yang hidup. Peratusan 

tertinggi eksplan yang hidup adalah 68% iaitu di dalam T5 (2.0 mg / l KIN). Selain itu, 

tiada perbezaan yang signifikan terhadap eksplan yang membentuk kalus dalam semua 

rawatan. T5 (2.0mg / l KIN) menunjukkan peratusan purata tertinggi eksplan yang 

membentuk kalus iaitu 28% dalam tempoh 27 hari inkubasi. T5 (2.0 mg / l KIN), T9 (3 

mg / l 2,4-D + 1.5 mg / l KIN) dan T15 (5 mg / l 2,4-D + 2.0 mg / l KIN) menunjukkan 

kadar pembentukan kalus paling tinggi. T5 (2.0 mg / l KIN), T8 (3 mg / l 2,4-D + 1.0 mg 

/ l KIN) dan T10 (3 mg / l 2,4-D + 2.0 mg / l KIN) berkemungkinan menjadi 

embriogenik dengan kehadiran kalus berstruktur nodul. Oleh itu, kajian lanjut perlu 

dijalankan bagi mendapatkan kombinasi hormone yang terbaik untuk membentuk kalus 

pada eksplan daun C. hystrix dalam tempoh inkubasi yang singkat, kalus berintensiti 

tinggi dan keupayaan untuk membentuk kalus embriogenik. 
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CHAPTER 1 

INTRODUCTION 

 

Citrus is the most important fruit crop planted worldwide and it is recognized as 

queen of all fruits or golden fruits. Citrus hystrix is commonly known as kaffir lime in 

English, limau purut in Malay, jeruk purut in Indonesia and magroot in Thailand. C.  

hystrix originates from Southeast Asian country such as Malaysia, Indonesia, Thailand, 

India, Cambodia and Laos. This plant is usually planted as shrub in the backyard of 

home and not for commercialization (Jumin and Nito, 1996). 

 

C. hystrix has many uses not only in cooking but also can be used for cleansing, 

herbal preparation and medicinal purposes. The rough and bumpy fruit of C. hystrix has 

little or no juice compared to other citrus species. Research had found that essential oils 

extracted from the peels of C .hystrix fruits contains antibacterial properties and induce 

calming effects on user (Aziz et al., 2011). In Thailand, the kaffir lime’s leaves are 

widely used for cooking their famous delicacy, the spicy tom yam soup. It is also mainly 

used in Lao curry pastes. The kaffir limes are also common in Malaysian and Burmese 

cuisines. The fruit and the leaves both bring out more zest into any cuisine and increase 

the scent as well. Many uses the kaffir lime for spicy dishes as the taste and the smell 

could complement perfectly with spicy foods. The juice of C. hystrix is used as cleanser 

for clothing especially in Thailand and Cambodia.  
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In general, Citrus sp. is propagated through budding, cutting or layering 

(Grosser, 1994). These conventional methods resulted in low yield, low resistance 

towards diseases, low tolerance towards environmental stress and do not perform well as 

a desired plant. Non-availability of propagated planting materials from elite clones for 

plantation is the main constraints in citrus cultivation (Singh, 2002). In recent years, 

tissue culture techniques have been introduced to overcome the constraint to citrus 

improvement and cultivation. The purposes are for rapid clonal propagation of several 

economic plants, restoration of vigor and yield due to infection and preservation of 

germplasm (Singh, 2002).  

 

According to the Ministry of Agriculture (MOA), kaffir lime is categorized as a 

spice in Malaysia however, quality supply of seed and raw material are not consistent. In 

order to overcome the problem, tissue culture can be the basis in propagating the citrus 

species for the production of large number of planting materials. In tissue culture, shoot 

regeneration could be obtained direct from an explant or indirectly through callus 

formation. This study emphasized on callus formation which if successful will be 

followed by shoot regeneration by other researchers. Therefore, the objectives of this 

study were:- 

1) To induce callus from leaf explant of C. hystrix. 

2) To determine the best combination of 2,4-Dichlorophenoxyacetic acid (2,4-D) 

and Kinetin (KIN) on the callus induction. 

 



© C
OPYRIG

HT U
PM

30 
 

BIBLIOGRAPHY 

 

Anderson (1980).Tissue culture propagation of red and black raspberries, Rubusidaeus 

and R. occidentalis. ActaHorticulturae, 112: 13-20. 

Aziz, M.A., Hiang, E.W. and Sinniah, U.R. (2011). In vitro Propagation of Limau Purut 

(Citrus hystrix). ABSTRACTS ISSAAS International Symposium and Congress, 

212. 

Chanthaphon, S., Chanthachum, S, and Hongpattarakere, T. (2008). Antimicrobial 

Activities of Essential Oils and Crude Extracts from Tropical Citrus Species 

Against Food-Related Microorganisms. Songklanakarin Journal Science 

Technology. 30: 125-131. 

Collin, H.A. and Edwards, S. (1998). Introduction to biotechniques series. Plant Cell 

Culture. UK, Oxford: Bios Scientific Publisher, 158. 

Desmond, R., Layne and Bassi, D. (2008).Propagation Techniques. In: The Peach 

Botany, Production and Uses. CAB International. London, UK, 235. 

Doreen, S.H., Rose, L.C., Suhaimi, H., Mohamad, H., Rozaini, M.Z.H. and Tai, M. 

(2011). Preliminary evaluation on the antibacterial activities of Citrus hystrix oil 

emulsions stabalized by Tween 80 and span 80. International Journal of 

Pharmacy and Pharmaceutical Sciences 3 (Suppl 2), 11-209. 

Dugo, G. and Giacomo, A. (2002). Citrus: The Genus Citrus, Medicinal and Aromatic 

Plants - Industrial Profiles.London: Taylor & Francis group, 97-116.  



© C
OPYRIG

HT U
PM

31 
 

Duran-Vila, Ghorbel, R. and Navarro L. (1998). Biological Characterization of Citrus 

Tristeza virus Isolates by In Vitro Tissue Culture. Plant Pathology, 47: 333-340. 

Evans, D.E., Coleman, J.O.D. and Kearns, A. (2003). Plant Cell Culture. London and 

New York.: Bios Scientific Publishers, 77-96. 

Gaurav, K. and Richa, S. (2012). In Vitro Micropropagation of Different Species of 

Citrus. Research Journal of Biotechnology, 7: 96. 

George, E.F., Putlock, D.J.M., and Geroge, H.J. (1987). Plant Culture Media. Vol I : 

Formulations and Uses. Westbury, Wiltshire, England: Exegetics Limited, 102-

114. 

Gill, B.S., Sandhu, S. and Singh, S. (2012). Embryo Culture and Development of 

Seedlings in Different Citrus Species. Horticulture Flora Research Spectrum. 

1(2):127-130. 

Gmitter, F.G. and Moore, G.A. (1986). Plant Regeneration from Undeveloped Ovules 

and Tissue Organ Culture.Plant Cell and Tissue Organ Cultures,139-147. 

Goh, H.K.L., Rao, A.N. and Loh, C.S. (1995). Plantlet Regeneration Through Different 

Morphological Pathways in Pummelo Tissue Culture. Plant Cell and Tissue 

Organ Cultures, 301-303. 

Grosser, J.W. (1994). In vitro Culture of Tropical Fruits, in Plant Cell and Tissue 

Culture, edited by Vasil, I.K. and Thorpe, T.A. Kluwer Academic Publishers. 

Dordrecht, The Netherlands, 275-496. 



© C
OPYRIG

HT U
PM

32 
 

Hazarika, S., Dhiman, S., Rabha, B., Bhola, R.K. and Singh, L. (2012). Repellent 

Activity of Some Essential Oils Against Simulium Species in India. Journal of 

Insect Science 12: 5. available online: insectscience.org/12.5. 

Jumin, H.B. and Nito, N. (1995). Embryogenic Protoplast Culture of orange jasmine 

(Murraya Paniculata) and Their Regeneration into Plants Flowering In vitro. 

Plant Cell Tissue and Organ Cultures, 277-279. 

Jumin, H.B. and Nito, N. (1996). In vitro flowering of orange jasmine (Murraya 

paniculata L. Jack). Experientia 52: 268-272. 

Khan, E.U., Fu, X.L., Wong, J., Fan, Q.J., Huang, X.S., Zhang, G.N., Shi, J. and Liu, 

J.H. (2009). Regeneration and characterization of plants derived from leaf in 

vitro culture of t4wo Sweet Orange (Citrus sinensis (L.) Osbeck) cultivars. 

Scientia Horticulturae, 120:70-76. 

Liang, O. (2007). Micropropagation and callus culture of Phyllanthus niruni L., 

Phyllanthus urinaria L. and Phyllanthus myrtifolius moon (Euphorbiaceae) with 

the establishment of cell suspension culture of Phyllanthus niruni L. Master of 

Science, Malaysia Science University, Malaysia. 

Ling, J.T. and Iwasama, M. (1997). Plant regeneration from embryogenic callus of six 

citrus related genera. Plant Cell and Tissue Organ Cultures, 145-148. 

Litz, R.E. and Griffis, Jr J.L. (1989). Carambola (Averrhoa carambola L.) 

Biotechnology in Agriculture and Forestry. (Vol. 5). (Y. Bajaj, Ed.) Berlin, 

Heidelberg: Springer-Verlag, 39-45. 



© C
OPYRIG

HT U
PM

33 
 

Mabberly, D. (2008). Mabberly's plant-book: a portable dictionary of plants. (3rd edn. 

ed.). Avon: Cambridge University Press, 1-156. 

Matsubara, S., Dohya, N. and Murakami, K. (1995). Callus formation and regeneration 

of adventitious embryos from carrot fennel and Mitsuba microspores by anther 

and isolated microspore culture. Acta Horticulturae. 392:129-137. 

McGaw, B. (1995). Plant Hormones : Physiology, Biochemistry and Molecular Biology. 

Dordrecht: Kluwer Academic, 296-317. 

Minocha, S. (1987). Cells and Tissue Culture of Forest Tree. Dordrecht: Martinus 

Nijhoff Publisher, 261-270. 

Murashige, T. (1974). Plant propagation through tissue culture. Annual Review Plant 

Physiology, 58: 135-166. 

Murashige, T. (1978). Frontiers of Plant Tissue Culture. Thorpe, T.A. ed., 15-26. 

Murashige, T., Murashige, T.and Vasil, L. A. (1972). Plant Physiology, 135-166. 

Nito, N. (1996). In : Second International Crop Science Congress, Nov. 17-25, New 

Delhi, 40. 

Pfeil, B.E. and Crisp, M.D. (2008). The age and biogeography of Citrus and the orange 

subfamiily (Rutaceae:Aurantioideae) in Australasia and New Caledonia. 

American Journal of Botany, 95: 1621-1631. 

Pierik, R. (1987). In Vitro Culture of Higher Plants. Dordrecht: Martinus Nijhoff 

Publishers, 300-315. 



© C
OPYRIG

HT U
PM

34 
 

Podstolski, A. and Wojcik, A. (2007). Leaf Explant Response in In Vitro Culture of St. 

John's wart (Hypericum perforatum L.), 151-156. 

Samarina, L.S., Kolomiets, T.M., Arutyunova, E.S. and Baranova, E.N. (2010). 

Regeneration and micropropagation of memon cultivars in vitro from nodal 

explants. Russian Agricultural Sciences, 36(6): 417-420. 

Sato, A., Asano, K. and Sato, T. (1990). The chemical composition of Citrus hystrix DC 

(Swangi). Journal of Essential Oil Research, 2: 4-9. 

Savita, Vijay, G.S., Virk and Nagpal, A. (2010). Effect of explant type and different 

plant growth regulators on callus induction and plantlet regeneration in Citrus 

jambhiri Lush. Environment and International Journal of Science and 

Technology, 97-106. 

Schinor, E.H., Azevedo, F.A.D., Filho, F.D.A.A.M. and Mendes, B.M.J. (2011). In vitro 

organogenesis in some Citrus species. Revista Brasileira De Fruticultura, 526-

531. 

Sharma, G.J and Sayanika Devi, W. (2009).In vitro propagation of Arundinaria callosa 

Munro- an edible bamboo from Nodal Explants of Mature Plants. The Open 

Plant Science Journal, 3: 35-39. 

Singh, N.,Kataria, N., Yadav, K. and Kumari, S. (2013). Micropropagation: An 

important tool for conserving forest trees. Pertanika Journal Tropical 

Agricultural Science, 36(1): 1- 26. 



© C
OPYRIG

HT U
PM

35 
 

Singh S.R. and Dhawan A.K. (2011). Morphogenetic and Biochemical Studies during 

Organogenesis in Callus. Cultures of Tylophora indica Wight and Arn 

(Antamul). Germany: LAP LAMBERT Academic Publishing. 

Singh, I. (2002). Micropropagation in Citrus. Agriculture Review, 1-13. 

Srisukh, V., Tungrugsasut, W., Anantapong, M., Chutipaijit, U., Bunyapraphatsara, N. 

and Pongpan, A. (2006). Readily-dissolved edible herbal film for supression of 

bad breath. Thai Journal of Phytopharmacy, 13(1) : 1-15. 

Srisukh, V., Tribuddharat, C., Nukoolkarn, V., Bunyapraphatsara, N., Chokephaibulkit, 

K., Phoomniyon, S., Chuanphung, S. and Srifuengfung, S. (2006). Antibacterial 

activity of essential oils from Citrus hystrix (makrut lime) against respiratory 

tract pathogens. Science Asia, 38: 212-217. 

Swingle, W.T. and  Reece, P.C. (1967). The Botany of Citrus and Its Wild Relatives. In: 

Reuther, W., Webber, H.J. and Batchelor, L.D. (eds.). The Citrus Industry. Ed. 2. 

Vol. I. University of California, Riverside. 

Tawatsin, A., Wratten, S.D., Scott, R.R., Thavara, U. and Techadamrongsin, Y. (2001). 

Repellency of volatile oils from plants against three mosquito vectors. Journal of 

Vector Ecology, 26: 76-82. 

Thorpe, T. (2000). Somatic Embryogenesis : Morphogenesis, physiology, biochemistry 

and molecular biology. Korean Journal Plant Tissue Culture, 27: 245-258. 

Torres, K. (1989). Tissue Culture Techniques for Horticultural Crops. New York: Van 

Nostrand Reinhold. 



© C
OPYRIG

HT U
PM

36 
 

Vasil, I.K., Vasil, V. (1994) In vitro culture of cereals and grasses. In: Vasil IK, Thorpe 

TA (eds) Plant Cell and Tissue Culture. Kluwer, Dordrecht, 293–312. 

Youssief, E.Y. (2009). In vitro, propagation of strawberry (Fragaria × annanasa Duch.) 

through organogenesis via runner tips. The Islamic University - Gaza, Faculty of 

Science Master of Biological Sciences, 26-28. 

Zaerr, J.B. and Mapes, M.O. (1982). Tissue Culture in Forestry (Bonga, J.M. and 

Durzan, D.J. (ed.). The Hague: Martinus Nijhoff/Dr.W Junk Publisher. 

Zimmerman, R.H., GriesBach, R.J. and Hammerschlag, R.H. (1986). Tissue Culture as a 

Plant Production System for Horticultural Crops. Dordrecht: Martinus Nijhoff 

Publisher, 183-200. 

 

 

 

 

 

 

 

 

 




