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Curcuma aeruginosa Roxb. which belongs to the family Zingiberaceae is one of
the oriental herbs that is gaining popularity for its medicinal properties as tonic
called ‘Jamu’. This species contains potential essential oils that have promising
market potential with antimicrobial properties useful for food preservation,
cosmetics and pharmaceutical treatment. The major constraints in the
cultivation of C. aeruginosa are the low rate of propagation, has a period of
dormancy, commercially exploited and poor flowering and seed set. Vegetative
propagation through underground rhizomes often results in fungal disease that
can influence the quality and quantity of essential oils within the plants. Thus, in
vitro propagation is an alternative to accelerate plant multiplication for large
scale production of true-to-type disease-free plants. The rhizome buds were
tested on Murashige and Skoog medium containing BAP, Kin and TDZ at 0, 1,
2, 4, 6, 8 and 10mg/l respectively. Shoot induction was achieved after 12
weeks of culture with a maximum of 2.55 shoots on MS medium containing 1
mg/l TDZ. The excised shoots were subcultured on MS medium containing 1
mg/l TDZ with different concentrations of NAA (0, 0.1, 0.5, 1, and 2 mg/l). The
shoot multiplication rate was further enhanced to 7.55 shoots on MS medium
supplemented with 1 mg/l TDZ and 2 mg/l NAA after 8 weeks of culture.
Rooting was tested on IBA, IAA and NAA at 0.1, 0.5, 1, 2 and 4 mg/Il. Optimum
rooting (26.33 roots) was obtained in MS medium containing 0.1 mg/l IAA. Well
rooted shoots were acclimatized on sand, peat, soil, peat : soil (1:1), peat :
sand (1:1), sand : soil (1:1) and peat : soil : sand (1:1:1). The highest plantlet
survival (89%) was in mixture of peat : soil : sand (1:1:1). The essential oils and
chemical composition of both field grown plants and in vitro grown plantlets of
C. aeruginosa were investigated. For the field grown plant, the optimum olil
yield was produced from dried rhizomes 0.63% (v/w) followed by dried leaves
0.46% (v/w), fresh rhizomes 0.26% (v/w) and fresh leaves 0.20% (v/w). The
major constituents of fresh leaves oil was curzerene and germacrone (5.16%
and 4.91% respectively) while dried leaves, fresh and dried rhizomes were
dominated by 1,8-cineole at 17.21%, 20.53% and 18.41% and dextro-camphor
at 6.55%, 6.08% and 9.89% respectively. In vitro grown plantlets were divided
into two parts (fresh shoots and roots). The yield obtained was 0.066% (v/w) for



fresh roots and fresh shoots at 0.046% (v/w). The main group compounds in
the fresh shoots oil were L-camphor (10.91%) and 1,8-cineole (6.51%) while
fresh roots oil was dominated by methyl elaidate (8.99%) and methyl
hexadecanoate (6.79%). The effectiveness of essential oil from different
vegetative parts of C. aeruginosa field grown plant was tested on
microorganisms. The oils from fresh leaves, dried leaves, fresh rhizomes and
dried rhizomes exhibited moderate antibacterial activity against Gram positive
bacteria Staphylococcus aureus, Bacillus subtillis and Gram negative bacteria
Eschericia coli ranging from 7.00 to 10.00 mm. Moderate activities was also
shown against two selected fungi Aspergillus niger and Candida albicans
ranging from 7.00 — 9.66 mm zone of inhibition. Minimum inhibitory
concentration (MIC) value to effectively inhibit the microbial activity was
0.00625 mg/ul except S. aureus which showed MIC at 0.0125 mg/ul. All the
four extracted oils appeared to be inactive on Gram negative bacteria Serratia
marcescens. From this study, the successful in vitro propagation of C.
aeruginosa could provide large scale production of disease-free planting
materials. For essential oil production, the dried rhizome of field grown C.
aeruginosa plants were recommended as they produced more essential oil
compared to leaves. Both dried and fresh rhizomes have potential as
antimicrobial agent since they were dominated by 1,8-cineole and dextro-
camphor which were reported to possess potent antimicrobial activity.
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Curcuma aeruginosa Roxb. adalah tumbuhan yang tergolong dalam keluarga
Zingiberaceae. la merupakan salah satu tumbuhan herba ubatan yang terkenal
untuk menghasilan tonik iaitu ‘Jamu’. Spesies ini mengandungi minyak pati
yang berpotensi untuk dipasarkan kerana ia mempunyai aktiviti antimikrob
yang boleh diaplikasikan dalam pengawetan makanan, kosmetik dan rawatan
farmaseutikal. Masalah utama dalam penanaman C. aeruginosa ialah kadar
pembiakan vegetatif yang rendah, dimana ia mempunyai tempoh dorman dan
kurang berbunga untuk menghasilkan benih. Selain daripada itu, pembiakan
tampang menggunakan rizom sering menyebabkan penyakit kulat yang boleh
mempengaruhi kualiti dan kuantiti minyak pati tumbuhan. Oleh itu, pembiakan
secara in vitro dilihat sebagai alternatif untuk mempercepatkan pengeluaran
pokok yang bebas penyakit dalam skala besar. Ujian ke atas tunas rizom telah
dibuat menggunakan medium Murashige dan Skoog yang mengandungi BAP,
Kin dan TDZ pada kepekatan berbeza iaitu 0, 1, 2, 4, 6, 8 dan 10 mgl/l.
Pengeluaran pucuk yang maksimum diperolehi dari medium MS yang
mengandungi 1 mg/l TDZ selepas 12 minggu dikultur dengan jumlah pucuk
iaitu 2.55. Pucuk yang telah dipotong disubkultur ke atas medium MS yang
mengandungi 1 mg/l TDZ dan NAA pada kepekatan yang berbeza (0, 0.1, 0.5,
1, dan 2 mg/l). Kadar penggandaan pucuk terus meningkat kepada 7.55 dalam
medium MS yang mengandungi 1 mg/l TDZ dan 2 mg/l NAA selepas 8 minggu
dikultur. Pengakaran telah diuji dengan menggunakan IBA, IAA dan NAA pada
kepekatan 0.1, 0.5, 1, 2, dan 4 mg/l. Medium MS yang mengandungi 0.1 mg/|
IAA disyorkan untuk menghasilkan akar yang banyak (26.33 akar) dengan
panjang akar iaitu 4.33 cm. Anak pokok yang telah lengkap diaklimatisasi
dengan menggunakan pasir, gambut, tanah, gambut : tanah (1:1), gambut :
pasir (1:1), pasir : tanah (1:1) and gambut : tanah : pasir (1:1:1). Kadar tertinggi
pokok hidup (89%) diperolehi di dalam medium yang mengandungi campuran
tanah gambut : tanah : pasir (1:1:1). Minyak pati dan komposisi kimia C.
aeruginosa yang ditanam di ladang dan in vitro telah dikaji. Bagi pokok yang
ditanam di ladang, penghasilan minyak pati yang banyak diperolehi daripada
rizom kering 0.63% (v/w) diikuti oleh daun kering 0.46% (v/w), rizom segar
0.26% (v/w) dan daun segar 0.20% (v/w). Sebatian utama minyak daun segar



adalah curzerene dan germacrone (5.16% dan 4.91%) manakala daun kering,
rizom segar dan kering masing-masing didominasi oleh 1,8-cineole pada
17.21%, 20.53% dan 18.41% dan dextro-camphor pada 6.55%, 6.08% dan
9.89%. Manakala, anak pokok in vitro dibahagikan kepada dua bahagian iaitu
daun dan akar segar. Minyak pati yang diperolehi dari akar segar adalah
sebanyak 0.066% (v/w) manakala pucuk segar menghasilkan sebanyak
0.046% (v/w). Sebatian utama dalam minyak pati daun segar ialah L-camphor
(10.91%) dan 1,8-cineole (6.51%) manakala bagi akar segar didominasi oleh
methyl elaidate (8.99%) dan methyl hexadecanoate (6.79%). Minyak pati C.
aeruginosa yang di tanam di ladang telah diuji ke atas mikroorganisma. Minyak
pati dari daun segar, kering, rizom segar dan kering menunjukkan aktiviti
mikrob yang sederhana terhadap bakteria Gram positif Staphylococcus aureus,
Bacillus subtillis dan bakteria Gram negatif Eschericia coli dengan zon
perencatan antara 7.00-10.00 mm. Perencatan sederhana juga berlaku
terhadap dua jenis kulat iaitu Aspergillus niger dan Candida albicans dengan
zon perencatan antara 7.00 — 9.66 mm. Kepekatan minimum (MIC) yang
diperlukan untuk merencatkan pertumbuhan mikrob yang diuji adalah 0.00625
mg/ul kecuali S. aureus yang menunjukkan nilai MIC 0.0125 mg/pl. Kesemua
ekstrak daripada empat bahagian tumbuhan yang dikaji tidak menunjukkan
aktiviti perencatan terhadap bakteria Gram negatif Serratia marcescens.
Daripada kajian ini, pembiakan C. aeruginosa secara in vitro telah berjaya
menghasilkan anak pokok yang bebas penyakit dalam skala yang besar. Bagi
penghasilan minyak pati, rizom kering daripada C. aeruginosa yang ditanam di
ladang disyorkan kerana ia menghasilkan minyak pati yang lebih berbanding
bahagian daun. Kedua-dua bahagian rizom segar dan kering mempunyai
potensi sebagai agen antimikrobial kerana kedua-dua bahagian ini didominasi
oleh 1,8-cineocle dan dextro-champor yang dilaporkan mempunyai aktiviti
antimikrob yang berkesan.
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CHAPTER 1
INTRODUCTION
1.1 Background

Turmeric or "kunyit" (Curcuma longa) is one of the most important economic
spices in Malaysia. Curcuma aeruginosa has been traditionally used as
ingredient in tonic called ‘Jamu’ (Mohd Aspollah et al., 2007), treatment for
bruises and sprains (Mandal et al., 2013), treatment for skin cuts, scrapes,
acnes, diaper rash and psoriasis, treatment to reduce inflammation and
redness (Pyo and Oo, 2007) and alleviation to painful female menstruation
(Thaina et al., 2009). This plant species also scientifically proven to have an
androgenetic treatment for increased hair growth and slowed hair loss in men
(Pumthong et al., 2012), anti skin-ageing properties in post-menopausal
woman (Yingngam et al., 2011), antimicrobial activities, antioxidant properties
and anti-inflammatory properties (Mandal et al., 2013).

In Malaysia, people have changed their preferences from using synthetic
products to natural products for medicinal and cosmetic purposes since they
are safe and more reliable. The medicinal property of the plant is exhibited from
the chemical compounds found in the plant extract such as in the essential oil.
The essential oil contained thousands of different compounds which are
important for therapeutic industry. The essential oil of C. aeruginosa has been
used as ingredient in traditional folk medicine. However, the therapeutic
properties were poorly understood especially the pharmacology effect it
possessed. Thus, scientific investigation is needed to provide scientific
validation for its traditional uses.

Despite its beneficial values, vegetative production of C. aeruginosa is not
feasible due to its low propagation rate (Mandal et al., 2013), existence of
dormancy phase (Palee and Dheeranupattana, 2005) and highly susceptibility
to diseases (Kambaska et al., 2010). Moreover, excessive collection from the
wild due to market demand caused plant materials source decrease.

In order to overcome these problems, tissue culture is seen as an alternative
method to ensure sustainable large scale production of planting materials in a
short period of time. Moreover, further investigations to determine the chemical
composition of the essential oil and antimicrobial activities for C. aeruginosa
are needed.

1.2 Research Objectives
To produce planting materials in large quantity using in vitro techniques and to

determine the chemical constituents and antimicrobial activity of the essential
oils extracted from different parts of in vivo and in vitro plants of C. aeruginosa.



The specific objectives were:

1. To determine the effects of plant growth regulators on shoot induction,
shoot multiplication and rooting in C. aeruginosa.

2. To determine a suitable potting medium for acclimatization.

3. To determine the essential oil constituents of field grown plants and in
vitro grown plantlets of C. aeruginosa.

4. To determine the antimicrobial activity of the essential oil of C.
aeruginosa.



REFERENCES

Abbas, M.S., Taha, H.S., Aly, U.l., EI-Shabrawi, H.M. & Gaber, E.l. (2011). In
vitro propagation of ginger (Zingiber officinale Rosco). Journal of
Genetic Engineering and Biotechnology, 9, 165-172.

Abdelmageed, A.H.A., Faridah, Q.Z., Nur Amalina, A. & Muhamad, Y. (2011).
The influence of organ and post-harvest drying period on yield and
chemical composition of the essential oils of Etlingera elatior
(Zingiberaceae). Journal of Medicinal Plants Research, 5(15), 3432-
3439.

Adwan, G., Salameh, Y. & Adwan, K. (2012). Susceptibility of Candida albicans
isolates to Terbinafine and Ketoconazole. I[UG Journal of Natural and
Engineering Studies. 20(2), 45-53.

Agnihotri, V.K., Singh, B., Babu, G.D.K., Chand, G., Singh, R.D. & Ahuja, P.S.
(2013). Process for the modification of Curcuma aromatic essential oil.
Patent Application Publication, United States, Pub. No: US
2013/0331467 A1, 1-5.

Agretious, TK., Martin, K.P. & Hariharan, M. (1996). In vitro clonal multiplication
of Alpinia calcarata Roscoe. Phytomorphology, 46, 133-138.

Ahmad, D., Wicaksana, N., Shimazaki, T., Kikuchi, A., Jatoi, S.A. & Watanabe,
K.N. (2011). Environmentally safe in vitro regeneration protocol for
Curcuma, Kaempferia and Zingiber. African Journal of Biotechnology,
10(43), 8584-8592.

Ahmadian, E., Lolaei, A., Mobasheri, S. & Bemana, R. (2013). Investigation of
Importance parameters of Plant Tissue (review). International Journal
of Agriculture and Crop Sciences, 5(8), 900-905.

Akwatulira, F., Gwali, S., Okullo, J.B.L., Ssegawa, P., Tumwebaze, S.B.,
Mbwambo, J.R. & Muchugi, A. (2011). Influence of rooting media and
indole-3-butyric acid (IBA) concentration on rooting and shoot
formation of Warburgia ugandensis stem cuttings. African Journal of
Plant Science, 5(8), 421-429.

Almaari, K., Zedan, T.H.A. & Albatal, N. (2013). Chemical analysis of essential
oils of some Syrian wild Iris species. American Journal of Biochemistry
and Molecular Biology, 3(1), 38-49.

Al-Shammari, L.A., Hassan, W.H.B. & Al-Youssef, H.M. (2012). Chemical
composition and antimicrobial activity of the essential oil and lipid
content of Carduus pycnocephalus L. growing in Saudi Arabia. Journal
of Chemical and Pharmaceutical Research, 4(2), 1281-1287.

Amin, A. & Khan, M.A. (2011). In vitro bactericidal and bacteriostatic potential
of ingridients of traditional medicine obtained from Kacha area (River

66



Indus) district D.l.Khan, KPK, against human bacterial pathogens.
Pakistan Journal of Botany, 43(5), 2613-2617.

Arabhosseini, A., Huisman, W., Van Boxtel, A. & Muller, J. (2007). Long term
effects of drying conditions on the essential oil and colour of tarragon
leaves during storage. Journal of Food Engineering, 79, 561-566.

Arikat, N.A., Jawad, F.M., Karam, N.S. & Shibli, R.A. (2004). Micropropagation
and accumulation of essential oils in wild sage (Salvia fruticosa Mill.).
Scientia Horticulturae, 100, 193-202.

Aromdee, C., Polrat, S. & Wangsomnuek, P. (2011). Constituents of the
rhizomes of Curcuma aeruginosa and its DNA fingerprint. International
Journal of Phytomedicine, 3, 198-203.

Asha Rani, N.S. & Prasad, M.P. (2014). Auxin effect on high frequency root
induction and callus generation from Atropa belladonna. Indian Journal
of Advances in Plant Research, 1(3), 57-60.

Aslam, F., Habib, S. & Naz, S. (2012). Effect of different phytohormones on
plant regeneration of Amaryllis hippeastrum. Pakistan Journal of
Science, 64(1), 54-61.

Balachandran, S.N., Bhat, S.R. & Chandel, K.P.S. (1990). In vitro clonal
multiplication of turmeric (Curcuma sp.) and ginger (Zingiberaceae
officinale Rosc.). Plant Cell Reports, 8,521-524.

Band, S.M., Ghadimzadeh, M., Jafari, M. & Bernousi, I. (2011). Direct shoot
regeneration from stem nodal explants of two wild Medicago species
Medicago scutellata and Medicago rigidula. Australian Journal of Crop
Science, 5(6), 668-673.

Behera, K.K., Pani, D. & Sahoo, S. (2010). Effect of plant growth regulator on
in vitro multiplication of turmeric (Curcuma longa L. cv. Ranga).
International Journal of Biological Technology, 1(1), 16-23.

Bejoy, M., Dan, M., Anish, N.P., Nair, A.R.G., Radhika, B.J. & Manesh, K.
(2012). Micropropagation of an Indian ginger (Curcuma vamana Sabu
and Mangalay): A wild relative of turmeric. Biotechnology, 11(6), 333-
338.

Bejoy, M., Dan, M. & Anish, N.P. (2006). Factors effecting the in vitro
multiplication of the endemic Curcuma haritha Mangalay and Sabu.
Asian Journal of Plant Sciences, 5(5), 847-853.

Berger, R.G. (2007). Bioactivity of essential oils and their components. Flavors

and fragrances : Chemistry, bioprocessing, and sustainability. ISBN
978-3- 540-49338-9. Springer, Berlin Heidelberg New York, 88-90.

67



Brown, J.T. & Charlwood (1986). The accumulation of essential oils by tissue
cultures of Pelargonium fragrans (Willd.). Federation of European
Biochemical Societies, 204(1), 117-120.

Carrascosa, M.F., Salcines-Caviedes, J.R. & Farinas, M.C. (2013). Serratia
marcescens Rhabdomyolysis. Advances in Infectious Diseases, 3, 63-
64.

Chalannavar, R.K., Narayanaswamy, V.K., Baijnath, H. & Odhav, B. (2012).
Chemical composition of essential oil of Psidium cattleianum var.
lucidum (Myrtaceae). African Journal of Biotechnology, 11(33), 8341-
8347.

Charles, D.J. & Simon, J.E. (1990). Comparison of extraction methods for the
rapid determination of essential oil content and composition of basil.
Journal of the American Society of Horticultural Science, 115(3), 458-
462.

Chaveerach, A., Sudmoon, R., Tanee, T., Mokkamul, P., Sattayasai, N. &
Sattayasai, J. (2008). Two new species of Curcuma (Zingiberaceae)
used as cobra-bite antidotes. Journal of Systematics and Evolution,
46(1), 80-88.

Chen, C. (2004). Humidity in plant tissue culture vessels. Biosystems
Engineering, 88(2), 231-241.

Chong, Y.H., Khalafalla, M.M., Bhatt, A. & Chan, L.K. (2012). The effects of
culture systems and explant incision on in vitro propagation of
Curcuma zedoaria Roscoe. Tropical Agricultural Science, 35(4), 863-
874.

Combrinck, S., Bosman, A.A., Botha, B.M., Plooy, W.D., Mc Crindle, R.l. &
Retief, E. (2006). Effects of post-harvest drying on the essential oil and
glandular trichomes of Lippia scaberrima Sond. Journal of Essential Oil
Research, 18, 80-84.

Conner, D.E. & Beuchat, L.R. (1984). Effect of essential oils from plants on
growth of spoilage yeast. Journal of Food Science, 49, 429-434.

Dahigren, R.M.T., Clifford, H.T. & Yeo, P.F. (1985). The families of the
monocotyledons. Springer Verlag, Berlin.

Dixit, P. (2013). A comparative screening of antibacterial activity of Anisomeles
indica with Mentha piperita against human pathogenic micro-organism.
Indian Journal of Fundamental and Applied Sciences, ISSN: 2231-
6345, 3(1), 85-88.

Dobranszki, J. & Silva, J.A.T.D. (2010). Micropropagation of apple -A review.
Biotechnology Advancess, 28, 462-488.

68



Dohling, S. (2012). In vitro propagation of Hedychium gardnerianum Sheppard
ex Ker Gawl., an important ornamental plant. Keanean Journal of
Science, 1, 31-35.

Dung, N.X., Tuyet, N.T.B., & Leclercq, P.A. (1995). Characterization of the leaf
oil of Curcuma aeruginosa Roxb. from Vietnam. Journal of Essential Oil
Research, 7(6), 657-659.

Edris, A.E. (2007). Pharmaceutical and therapeutic potentials of essential oils
and their individual volatile constituents: A review. Phytotheraphy
Research, DOI: 10.1002/ptr.2072.

Ela, M.A., EI-Shaer, N.S. & Ghanem, N.B. (1996). Antimicrobial evaluation and
chromatographic analysis of some essential and fixed oils. Pharmazie,
51, 993-995.

Erisen, S., Atalay, E. & Yorgancilar, M. (2011). The effect of thidiazuron on the
in vitro shoot development of endemic Astragalus cariensis in Turkey.
TUBITAK. Turkish Journal of Botany, 35, 521-526.

Faridah, Q.Z., Abdelmageed, A.H.A., Nor Hazirah, A.N. & Muhammad, Y.
(2010). Comparative study of essential oil composition of leaves and

rhizomes of Alpinia conchigera Griff. at different post-harvest
drying periods. Journal of Medicinal Plants Research, 4(24), 2700-
2705.

Fedrigo, G.V., Campoy, E.M., Venanzio, G.D., Colombo, M.l. & Vescovi, E.G.
(2011). Serratia marcescens is able to survive and proliferate in
autophagic-like vacuoles inside non-phagocytic cells. Plus One, 6(8),
24054, 1-15.

Gallucci, S., Neto, A.P., Porto, C., Barbizan, D., Costa, |., Marques, K,
Benevides, P. & Figueiredo, R. (2010). Essential oil of Eugenia uniflora
L.: an industrial perfumery approach. Journal of Essential Oil
Research, 22, 176-179.

Gopichand, Singh, R.D., Meena, R.L., Singh, M.K., Kaul, V.K., Brij, L.,
Acharya, R. & Prasad, R. (2006). Effect of manure and plant spacing
on crop growth, yield and oil-quality of Curcuma aromatic Salisb. In mid
hill of Western Himalaya. Industrial Crops and Products, 24, 105-112.

Govindaraj, S., Kumari, B,D,R., Cioni, P.L. & Flamini, G. (2008). Mass
propagation and essential oil analysis of Artemisia vulgaris. Journal of
Bioscience and Bioengineering, 105(3), 176-183.

Guo, B., Bilal, H.A., Amir, Z., Xu, L.L. & Wei, Y.H. (2011). Thidiazuron : A multi-
dimensional plant growth regulator. African Journal of Biotechnology,
10(45), 8984-9000.

Habsah, M., Amran, M., Mackeen, M.M., Lajis, N.H., Kikuzaki, H., Nakatani, N.,
Rahman, A.A., Ghafar & Ali, A.M. (2000). Screening of Zingiberaceae

69



extracts for antimicrobial and antioxidant activities. Journal of
Ethnopharmacology, 72, 403-410.

Hazarika, B.N. (2003). Acclimatization of tissue-cultured plants. Current
Science, 85(12), 1704-1712.

Herbal Medicine Research Centre (HMRC) (2002). Compendium of medicinal
plants used in Malaysia, Volume | and Il. Herbal Medicine Research
Centre Publications.

Hesar, A.A, Kaviani, B., Tarang, A. & Zanjani, S.B. (2011). Effect of different
concentrations of kinetin on regeneration of ten weeks (Matthiola
incana). Plant Omics Journal, 4(5), 236-238.

Holttum, R.E. (1950). The Zingiberaceae of the Malay Peninsula. Garden’s
Bulletin of Singapore, 13: 65-72.

Hopkins, W.G. & Huner, N.P. (2004). Introduction to Plant Physiology. 3"
Edition, John Wiley and Sons Inc., New York, ISBN : 978-0-471-38915-
6, 576.

Hyldgaard, M., Mygind, T., Meyer, R.L. & Debabov, D. (2012). Essential oils in
food preservation: mode of action, synergies, and interactions with
food matrix components. Front Microbiology, 3(1), 1-24.

Imelouane, B., Amhamdi, H., Wathelet, J.P., Ankit, M., Khedid, K. & EI Bachiri,
A. (2009). Chemical composition and antimicrobial activity of essential
oil of Thyme (Thymus vulgaris) from Eastern Morocco. International
Journal of Agriculture & Biology, ISSN Print: 1560-8530, 11(2), 205-
208.

Iscan, G., Kirimer, N., Kurkcuoglu, M., Baser, K.H.C. & Demirci, F. (2002).
Antimicrobial screening of Mentha piperita essential oils. Journal of
Agricultural and Food Chemistry, 50, 3943-3946.

Jafari, N., Othman, R.Y. & Khalid, N. (2011). Effect of benzylaminopurine
(BAP) pulsing on in vitro shoot multiplication of Musa acuminata
(banana) cv. Berangan. African Journal of Biotechnology, 10(13),
2446-2450.

Jagtap, N.S., Khadabadi, S.S., Ghorpade, D.S., Banarase, N.B. & Naphade,
S.S. (2009). Antimicrobial and antifungal activity of Centella asiatica
(L.) wurban, Umbeliferae. Research Journal of Pharmacy and
Technology, 2(2), 328-330.

Jirovetz, L., Buchbauer, G., Puschmann, C., Shafi, M.P. & Nambiar, M.K.G.

(2000). Essential oil analysis of Curcuma aeruginosa Roxb. leaves
from South India. Journal of Essential Oil Research, 12, 47-49.

70



Joy, P.P., Thomas, J., Mathew, S. & Skaria, B.P. (1998). Zingiberaceous
medicinal and aromatic plants. Aromatic and Medicinal Plants
Research Station, Odakkali, Asamannoor P.O., Kerala, India.

Kambaska, K.B., Debashrita, P. & Santilata, S., (2010) Effect of plant growth
regulator on in vitro multiplication of turmeric (Curcuma longa L. cv.
Ranga). International Journal of Biological Technology, 1(1), 16—23.

Kanjilal, P.B., Kotoky, R. & Couladis, M. (2010). Essential oil composition of
leaf and rhizome oil of Alpinia nigra (Gaertner) B.L. Burtt. from
Northeast India. Journal of Essential Oil Research, 22, 358-359.

Kaul, P.N., Rajeshwara, R.B.R., Singh, K., Bhattacharya, A.K., Mallavarapu,
G.R. & Ramesh, S. (2005). Volatile constituents of essential oils
isolated from different parts of Alpinia calcarata Rosc.,. Journal of
Essential Oil Research, 17(1), 7-9.

Khorasaninejad, S., Mousavi, A., Soltanloo, H., Hemmati, K. & Khalighi, A.
(2010). The effect of salinity stress on growth parameters, essential oil
yield and constituents of peppermint (Mentha piperita L.). World
Applied Sciences Journal, 11(11), 1403-1407.

Larsen, K. & Saksuwan, S. (2006). Gingers of Thailand. Queen Sirikit Botanic
Garden Organization, Ministry of Natural Resources and Environment,
Chiang Mai.

Leela, N.K., Tava, A., Shafi, P.M., John, S.P. & Chempakam, B. (2002).
Chemical composition of essential oils of turmeric (Curcuma longa L.).
Acta Pharmaceutica, 52, 137-141.

Lincy, A. & Sasikumar, B. (2010). Enhanced adventitious shoot regeneration
from aeriel stem explants of ginger using TDZ and its histological
studies. TUBITAK. Turkish Journal of Botany, 34, 21-29.

Ling, A.P.K, Kok, K.M. & Hussein, S. (2009). Adventitious rooting of
Orthosiphon stamineus in response to sucrose concentrations and
medium pH. American-Eurasian Journal of Sustainable Agriculture,
3(1): 93-100.

Ling, A.P.K., Kok, K.-M., Hussein, S & Ong, S.L. (2009). Effects of plant growth
regulators on adventitious roots induction from different explants of
Orthosiphon stamineus. American-Eurasian Journal of Sustainable
Agriculture, 3(3): 493-501.

Linnaeus, C. (1753). Curcuma. Species plantarum 1: 2 (nomen
conservandum).

Loc, N.H., Duc, D.T., Kwon, T.H. & Yang, M.S. (2005). Micropropagation of

zedoary (Curcuma zedoaria Roscoe) — a valuable medicinal plant.
Plant Cell, Tissue and Organ Culture, 81, 119-122.

71



Ma, X. & Gang, D. R. (2006). Metabolic profiling of in vitro micropropagated
and conventionally greenhouse grown ginger (Zingiber officinale).
Phytochemistry, 67, 2239-2255.

Mallik, J., Das, P. & Das, S. (2013). Pharmacological activity of Cucumis
sativus L. — A complete overview. Asian Journal of Pharmaceutical
Research and Development, 1(1), 2-6.

Mandal, P., Choudhury, D., Ghosal, M. & Das, A.P. (2013). Development of
single node cutting propagation techniques and evaluation of
antioxidant activity of Curcuma aeruginosa ROXBURGH rhizome.
International Journal of Pharmacy and Pharmaceutical Sciences, ISSN:
0975-1491, 5(2), 227-234.

Marzoug, H.N.B., Romdhane, M., Lebrihi, A., Mathieu, F., Couderc, F.,
Abderraba, M., Khouja, M.L. & Bouajila, J. (2011). Eucalyptus oleosa
essential oils: chemical composition and antimicrobial and antioxidant
activities of the oils from different plant parts (stems, leaves, flowers
and fruits). Molecules, DOI: 10.3390/molecules16021695, 16, 1695-
1709.

Matasyoh, J.C., Maiyo, Z.C., Ngure, R.M. & Chepkorir, R. (2009). Chemical
composition and antimicrobial activity of the essential oil of Coriandrum
sativum. Food Chemistry, 113, 526-529.

Menon, A.N., Padmakumari, K.P., Kutty, B.S., Sumathikutty, M.A., Sreekumar,
M.M. & Arumugham, C. (2007). Effects of processing on the flavor
compounds of Indian fresh ginger (Zingiber officinale Rosc.). Journal of
Essential Oil Research, 19, 105-109.

Mighri, Z., Mahjoub, M.A., Chriaa, J., Daami, M., Saidana, D. & Helal, A.N.
(2010). Studies of the essential oil composition, antibacterial and
antifungal activity profiles of Frankenia laevis L. from Tunisia. Jounal of
Essential Oil Research, 22, 349-353.

Milojevic, S.Z., Radosavljevic, D.B., Pavicevic, V.P., Pejanovic, S. & Veljkovic
V.B. (2013). Modelling the kinetics of essential oil hydrodistillation from
plant materials. Scientific paper AChE Hemijska Industrija, 1-25.

Mohd Aspollah, H.S., Suhaila, M. S., Nordin, H.L., Mawardi, R., Radzali, M.,
Umi, K.Y. & Sugeng, R. (2007). Chemical constituents and bioactivity
of Curcuma aeruginosa Roxb. Natural Product Sciences, 13(3), 175-
179.

Murashige, T. & Skoog, F. (1962). A revised medium for rapid growth and
bioassays with tobacco tissue cultures. Physiologia Plantarum, 15,
473-497.

Naz, S, llyas, S., Javad, S. & Ali, A. (2009). In vitro clonal multiplication and
acclimatization of different varieties of turmeric (Curcuma longa L.).
Pakistan Journal of Botany, 41, 2807-2816.

72



Nogueira, J.M.F. & Romano, A. (2002). Essential oils from micropropagated
plants of Lavandula viridis. Phytochemical Analysis, 13, 4-7.

NIST Standart Reference Database 1A. (2008). NIST/EPA/NIH Spectral Library
(NIST 08) and NIST Mass Spectral Search Program (Version 2.0f).

Omidbaigi, R., Sefidkon, F. & Kazemi, F. (2004). Influence of drying methods
on the essential oil content and composition of Roman chamomile.
Flavour and Fragrance Journal, 19, 196-198.

Palazén, J., Bonfill, M., Cusidé, R.M., Pinol, M.T. & Morales, C. (1995). Effects
of auxin and phenobarbital on morphogenesis and production of
digitoxin in Digitalis callus cultures. Plant Cell Physiology, 36, 247-252.

Palee, J. & Dheeranupattana, S. (2005). In vitro culture of Curcuma aeruginosa
ROXB.H. 31% Congress on Science and Technology of Thailand at
Suranaree University of Technology, 18-20 October.

Patra, A., Rai, B., Rout, G.R. & Das, P. (1998). Successful plant regeneration
from callus cultures of Centella asiatica (Linn.) Urban. Plant Growth
Regulation, 24, 6-13.

Philip, K., Malek, S.N.A., Sani, W., Shin, S.K., Kumar, S., Lai, H.S., Serm, L. G.
& Rahman, S.N.S.A. (2009). Antimicrobial activity of some medicinal
plants from Malaysia. American Journal of Applied Sciences, 6(8),
1613-1617.

Pumthong, G., Asawanonda, P., Varothai, S., Jariyasethavong, V.,
Triwongwaranat, D., Suthipinittharm, P., Ingkaninan, K., Leelapornpisit,
P. & Waranuch, N. (2012). Curcuma aeruginosa, a novel botanically
derived 5a-reductase inhibitor in the treatment of male-pattern
baldness: a multicentre, randomized, double-blind, placebo-controlled
study. Journal of Dermatological Treatment, 23(5), 385-392.

Pyo, D. & Oo, H.H. (2007). Supercritical fluid extraction of drug-like materials
from selected Myanmar natural plants and their antimicrobial activity.
Journal of Liquid Chromatography & Related Technologies, 30, 377-
392.

Rahayu, S. & Adil, W.H. (2012). The effect of BAP and Thidiazuron on in vitro
growth of Java Turmeric (Curcuma xanthorrhiza Roxb.). ARPN Journal
of Agricultural and Biological Science, 7(10), 2012.

Rahman, M.M., Amin, M.N., Jahan, H.S. & Ahmed, R. (2004). In vitro
regeneration of plantlets of Curcuma longa L. A valuable spice in
Bangladesh. Asian Journal of Plant Sciences, 3(3),306-309.

Raihana, R., Faridah, Q. Z., Julia, A. A., Abdelmageed, A. H. A. & Mihdzar, A.

K. (2011). In vitro culture of Curcuma mangga from rhizome bud.
Journal of Medicinal Plants Research, 5(28), 6418-6422.

73



Raj, G., Baby, S., Dan, M., Thaha, A.R.M., Sethuraman, M.G. & George, V.
(2008). Volatile constituents from the rhizomes of Curcuma haritha
Mangalay and Sabu from Southern India. Flavour and Fragrance
Journal, 23, 348-352.

Rana, V.S. (2010). GC and GC/MS analysis of the volatile constituents of the
oils of Alpinia galangal (L.) wild and A. officinarum hance rhizomes.
Journal of Essential Oil Research, 22, 521-524.

Ranjini, C.E. & Vijayan, K.K. (2005). Structural characterization of a glucan
from the tubers of Curcuma aeruginosa. Indian Journal of Chemistry,
44B, 643-647.

Reddy, D.R.D., Suvarna, D. & Rao, D.M. (2014). Effects of 6-benzyl amino
purine (6-BAP) on in vitro shoot multiplication of grand naine (Musa
Sp.). International Journal of Advanced Biotechnology and Research, 5
(1), 36-42.

Rezaeieh, K.A.P., Gurbuz, B. & Uyanik, M. (2012). Biotic and abiotic stresses
mediated changes in secondary metabolites induction of medicinal
plants. Tibbi ve Aromatik Bitkiler Sempozyumu 13-15 Eylul 2012 Tokat,
218-222.

Reanmongkol, W., Subhadhirasakul, S., Khaisombat, N., Fuengnawakit, P.,
Jantasila, S. & Khamjun, A. (2006). Investigation on the
antinociceptive, antipyretic and anti-inflammatory activities of Curcuma
aeruginosa Roxb. extracts in experimental animals. Songklanakarin
Journal of Science & Technology, 28(5), 999-1008.

Rodriguez, P., Sierra, W., Rodriguez, S. & Menéndez, P. (2006).
Biotransformation of 1,8-cineole, the main product of Eucalyptus oils.
Journal of Biotechnology, 9(3), 232-236.

Rooney, A.P., Price, N.P.J., Ehrhardt, C., Swezey, J.L. & Bannan, J.D. (2009).
Phylogeny and molecular taxonomy of the Bacillus subtilis species
complex and description of Bacillus subtilis subsp. Inaquosorum subsp.
nov. International Journal of Systematic and Evolutionary Microbiology,
59, 2429-2436.

Rout, G.R., Palai, S.K., Samantaray, S. & Das, P. (2001). Effect of growth
regulator and culture conditions on shoot multiplication and rhizome
formation in ginger (Zingiber officinale Rosc.) In vitro. In Vitro Cellular
and Developmental Biology-Plant, 37, 814-819.

Saeidnia, S., Gohari, A.R., Yassa, N. & Shafiee, A. (2005). Composition of the
volatile oil of Achillea conferta DC. Iranian Journal Tehran University of
Medical Science Ac. Ir., 13(1), 34-36.

Sakai, S., Kato, M. & Inoue, T. (1999). Three pollination guilds and variation in
floral characteristics of Bornean gingers (Zingiberaceae and
Costaceae). American Journal of Botany, 86(5), 646-658.

74



Sakai, S. & Nagamasu, H. (1998). Systematic studies of Bornean
Zingiberaceae |. Amomum in Lambir Hills. Edinburgh Journal of
Botany, 55: 45-64.

Sakamura, F., Ogihara, K., Suga, T., Taniguchi, K. & Tanaka, R. (1986).
Volatile constituents of Zingiber officinale rhizomes produced by in vitro
shoot tip culture. Phytochemistry, 25(6), 1333-1335.

Salvi, N.D., George, L. & Eapen, S. (2000). Direct regeneration of shoots from
immature inflorescence cultures of Turmeric. Plant Cell, Tissue and
Organ Culture, 62, 235-238.

Schuster, E., Dunn-Coleman, N., Frisvad, J.C. & Van Dijck, P.W.M. (2002). On
the safety of Aspergillus niger -a review. Applied Microbiology and
Biotechnology, 59, 426-435.

Serrano, M.C., Ramirez, M., Morilla, D., Valverde, A., Chavez, M., Espinel-
Ingroff, A., Claro, R., Fernandez, A., Almeida, C. & Martin-Mazuelos, E.
(2004). A comparative study of the disc diffusion method with the broth
microdilution and Etest for voriconazole susceptibility testing of
Aspergillus spp. Journal of Antimicrobial Chemotherapy, 53, 739-742.

Sharma, R. (2006). Biomass and Cell Culturing Techniques. New Delhi,
Biotech. Books, 287.

Shunying, Z., Yang, Y., Huaidong, Y., Yue, Y. & Guoli, Z. (2005). Chemical
composition and antimicrobial activity of the essential oils of
Chrysanthemum indicum. Journal of Ethnopharmacology, 96, 151-158.

Sirirugsa, P. (1966). The genus Curcuma (Zingiberaceae) in Thailand. Songkla:
Department of Biology, Faculty of Science, Prince of Songkla
University.

Sirirugsa, P. (1999). Thai Zingiberaceae : species diversity and their uses.
International conference on Biodiversity and Bioresources:
Conservation and Utilization, 23-27 November 1997, Phuket, Thailand,
1-8.

Siti Amirah, T.T.K., Othman, A.S., Muhammad, T., Deny, S. & Haitham, Q.
(2012). Antimicrobial activity and essential oils of Curcuma aeruginosa,
Curcuma manga, and Zingiber cassumunar from Malaysia. Asian
Pacific Journal of Tropical Medicine, 202-209.

Srirat, P., Sirisansaneeyakul, S., Parakulsuksatid, P., Prammanee, S. &
Vanichsriratana, W. (2008). In vitro shoot propagation of Curcuma
longa L. from rhizome bud explants. The 3" International Conference
on Fermentation Technology for Value Added Agricultural Products
(FerVAAP).

75



Srivastava, S., Chitranshi, N., Srivastava, S.M., Rawat, A. & Pushpangadan, P.
(2006). Pharmacognostic evaluation of Curcuma aeruginosa Roxb.
Natural Product Science, 12, 162-165.

Sudha, C.G., George, M., Rameshkumar, K.B. & Nair, G.M. (2012). Improved
clonal propagation of Alpinia calcarata Rosc., a commercially important
medicinal plant and evaluation of chemical fidelity through comparison
of volatile compounds. American Journal of Plant Sciences, 3, 930-
940.

Sudria’, C., Pifol, M.T., Palaz’, J., Cusid’, R.M., Vila, R., Morales, C., Bonfill,
M. & Canigueral, S. (1999). Influence of plant growth regulators on the
growth and essential oil content of cultured Lavandula dentata
plantlets. Plant Cell, Tissue and Organ Culture, 58, 177-184.

Suphrom, N., Pumthong, G., Khorana, N., Waranuch, N., Limpeanchob, N. &
Ingkaninan, K. (2012). Anti-androgenic effect of sesquiterpenes
isolated from the rhizomes of Curcuma aeruginosa Roxb. Fitoterapia,
83, 864-871.

Takano, I., Yasuda, I., Takeya, K. & Itokawa, H. (1995). Guaiane sesquiterpene
lactones from Curcuma aeruginosa. Phytochemistry, 40(4), 1197-1200.

Thaina, P., Tungcharoen, P., Wongnawa, M., Reanmongkol, W. &
Subhadhirasakul, S. (2009). Uterine relaxant effects of Curcuma
aeruginosa. Journal of Ethnopharmacology, 121, 433-443.

Theanphong, O., Songsak, T. & Kirdmanee, C. (2010). Effect of plant growth
regulators on micropropagation of Curcuma aeruginosa Roxb. Thai
Journal of Botany, 2 (special issue), 135-142.

Toppoonyanont, N., Chongsang, S., Chujan, S., Somsueb, S. & Nuamjaroen,
P. (2005). Micropropagation scheme of Curcuma alismatifolia Gagnep.
In: Okubo, H., Miller, W.B. & Chastagner, G.A. (Editors). The IXth
International Symposium on Flower Bulbs. International Society for
Horticultural Science. Acta Horticulturae, 673, 705-713.

Tripathi, A.K., Prajapati, V., Verma, N., Bahl, J.R., Bansal, R.P., Khanuja,
S.P.S. & Kumar, S. (2002). Bioactivities of the leaf essential oil of
Curcuma longa (var. Ch-66) on three species of stored-product beetles
(Coleoptera). Journal of Economic Entomology, 95(1), 183-189.

Tsai, S.Y., Huang, S.J., Chyau, C.C., Tsai, C.H., Weng, C.C. & Mau, J.L.
(2011). Composition and antioxidant properties of essential oils from
Curcuma rhizome. Asian Journal of Arts and Sciences, 2(1), 57-66.

Tyagi, R.K., Yusuf, A., Dua, P. & Agrawal, A. (2004). In vitro plant regeneration

and genotype conservation of eight wild species of Curcuma. Biologia
Plantarum, 48(1), 129-132.

76



Van den Bogaard, A.E.J.M., London, N. & Stobberingh, E.E. (2000).
Antimicrobial resistance in pig fecal samples from the Netherlands (five
abattoirs) and Sweden. Journal of Antimicrobial Chemotherapy, 45,
663-671.

Von Baum, H. & Marre, R. (2005). Antimicrobial resistance of Escherichia coli
and therapeutic implications. International Journal of Medical
Microbiology, 295, 503-511.

World Health Organization (WHQO), Geneva (1978). Primary health care.

Wu, T.L. & Larsen, K. (2000). Zingiberaceae. In: Wu, Z2.Y., & Raven, P.H,,
(editors). Flora of China. Beijing: Science Press; St. Louis: Missouri
Botanical Garden Press. 24: 359-362.

Yingngam, B., Supaka, N. & Rungseevijitprapa, W. (2011). Estrogen-like
activities and cytotoxicity effects of Thai herbal medicines as natural
ingredients in anti-ageing. Journal of Medicinal Plants Research, 5(31),
6832-6838.

Yusuf, N.A., Khalid, N. & Ibrahim, H. (2007). Establishment of tissue culture for
selected medicinal Curcuma spp. Malaysian Journal of Science, 26(1),
85-91.

Zaidan, M.R.S., Noor Rain, A., Badrul, A.R., Adlin, A., Norazah, A. & Zakiah, I.
(2005). In vitro screening of five local medicinal plants for antibacterial
activity using disc diffusion method. Tropical Biomedicine, 22(2), 165-
170.

Zuzarte, M.R., Dinis, A.M., Cavaleiro, C., Salgueiro, L.R. & Canhoto, J.M.
(2010). Trichomes, essential oils and in vitro propagation of Lavandula
pedunculata (Lamiaceae). Industrial Crops and Products, 32, 580-587.

Zhang, L.G., Zhang, C., Ni, L.J., Yang, Y.J. & Wang, C.M. (2011). Rectification
extraction of chinese herbs’ volatile oils and comparison with
conventional steam distillation. Separation and Purification Technology,
77,261-268.

7



	Binder2
	1 MICROPROPAGATION AND DETERMINATION OF ESSENTIAL OIL COMPONENTS AND ANTIMICROBIAL ACTIVITIES OF TEMU HITAM
(Curcuma aeruginosa Roxb.)
	2 TESIS ABSTRACT i-viii
	TABLE OF CONTENTS

	Binder1
	5 TESIS CHAPTER 1 INTRODUCTION
	11 TESIS REFERENCES




