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Kaempferia is a genus of gingers has promising potential to be discovered for their 

ornamental and medicinal value. Nuclear ribosomal internal transcribed spacer (ITS) 

sequences and morphological characteristics were used to characterize six 

Kaempferia species including Kaempferia parviflora Wall. ex Baker, Kaempferia 

galanga Linn., Kaempferia elegans Wall. ex Baker, Kaempferia pulchra Ridl., 

Kaempferia angustifolia Roscoe, Kaempferia marginata Carey ex Roscoe. Sequence 

data showed nucleotide diversity (0.458), estimated values of transition/transversion 

bias (0.89) and divergence pattern in the Kaempferia genus was inferred using 

maximum parsimony analysis. The resulting phylogenetic tree from morphological 

and molecular data both showed congruence with three distinctive groupings within 

selected Kaempferia species. ITS 4 and 5 sequences are proposed as DNA barcodes 

for identification of Kaempferia species. In terms of morphological traits, petiole 

length, plant habit, rhizome colour and leaf variation can be used for preliminary 

identification of this genus. 

 

 

Preliminary screening for phytochemical and bioactivity comparing Kaempferia 

extracts have provided baseline information on activities and potentials of each 

species. Plant extracts from each of the above-mentioned species were screened with 

cytotoxicity, anti-inflammatory and anti-histamine bioassays. All extracts were 

evaluated for total phenolic content, total flavonoid content and antioxidant activity. 

Most of the extracts were found to have phenolic compounds, flavonoids and anti-

oxidant potential. Some extracts have shown positive activity in all three bioassays.  

Among the selected species, K. parviflora showed positive activity in three bioassays 

and higher phytochemical activity in comparison to other species. K. parviflora was 

selected for further studies. K. parviflora cultivars, KPM (K. parviflora from 



© C
OPYRIG

HT U
PM

 

ii 

 

Malaysia) and KPT (K. parviflora from Thailand) both gave the most selective 

cytotoxic activity against HCT116 cells (IC50 9-13 μg mL-1). KPM and KPT extracts 

also exhibited high β-hexosaminidase inhibitory effects (>50%) at concentrations 7.5 

to 10 µg mL-1 without affecting cell viability in RBL-2H3 cells. Both extracts 

exhibited high inhibition against NO production at the highest concentration (50 µg 

mL-1) but affected the viability of RAW 264.7 macrophage cells (<80%). Total 

phenolic content (TPC) and total flavonoid content (TFC) was higher in KPM 3.14 

mg gallic acid equivalent (GAE)/g DW, 1.83 mg rutin equivalent / g DW. The 

results demonstrate that K. parviflora extracts have therapeutic properties, but its 

beneficial qualities may differ between cultivars. 

 

 

To improve propagation of K. parviflora, multiple shoot regeneration was found 

most successful on Murashige and Skoog (MS) medium supplemented with 35.52 

µM N6-benzyladenine (BA) in terms of highest number of shoots (22.4 ± 1.84), 

leaves (29.27 ± 1.30), and roots (17.8 ±1.72) per explant. A batch of regenerated in 

vitro plantlets were then successfully induced to form micro rhizomes in MS 

medium free of plant growth regulators with an optimal concentration of 6% (w/v) 

sucrose. Increase in micro rhizome biomass (35.7 ± 2.59 g per flask), number of 

micro rhizomes (5.2 ± 0.78), shoots (8.5 ± 1.58) and roots (8.5 ± 1.58) were 

observed under this treatment. 

 

 

Light is one of the main limiting factors for phenolic compound biosynthesis in 

plants. KPM and KPT were investigated for growth and secondary metabolite 

content under four shade levels (0%, 30%, 50%, and 70%). Photosynthetic 

capability, plant biomass and total flavonoid content were highest in both accessions 

under 30% shade after nine months of growth cycle. 5,7-dimethoxyflavone (DMF) a 

chemical marker for K. parviflora, was greatest in KPM grown under 30% shade. 

KPT had higher biomass than KPM under 30% but lower DMF content. K. 

parviflora is a semi shade loving plant suitable to grow under 30% shading for high 

yield and secondary metabolite production. 

 

 

This research gives an overall overview and comprehensive comparison of 

Kaempferia species for further research.  
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Pengerusi :   Profesor Madya Thohirah Lee Abdullah, PhD 

Fakulti :   Pertanian 

 

 

Kaempferia adalah genus ginger yang mempunyai potensi untuk dijadikan sebagai 

nilai hiasan dan perubatan. Nuclear ribosomal internal transcribed spacer (ITS) dan 

pencirian morfologi digunakan untuk mengkategorikan enam spesies Kaempferia, 

termasuk Kaempferia parviflora Wall. ex Baker, Kaempferia galanga Linn., 

Kaempferia elegans Wall. ex Baker, Kaempferia pulchra Ridl., Kaempferia 

angustifolia Roscoe, Kaempferia marginata Carey ex Roscoe. Urutan data 

menunjukkan kepelbagaian nukleotida (0.458), anggaran nilai peralihan / peralihan 

bias (0.89) dan corak perbezaan dalam genus Kaempferia telah disimpulkan dengan 

menggunakan analisis parsimon maksimum. Hasil kajian pokok phylogenetic 

daripada data morfologi dan molekul menunjukkan keseragaman dengan tiga 

kumpulan tersendiri dalam spesies Kaempferia yang terpilih. Urutan ITS 4 dan 5 

dicadangkan sebagai kod bar DNA untuk mengenal pasti spesies Kaempferia. Dari 

segi ciri-ciri morfologi, kepanjangan tangkai, sifat tanaman, warna rhizome dan 

variasi daun boleh digunakan untuk peringkat awal mengenalpasti  genus ini. 

 

 

Pemeriksaan awal untuk fitokimia dan bioaktiviti membandingkan ekstrak 

Kaempferia telah menyediakan maklumat asas mengenai aktiviti dan potensi setiap 

spesies. Ekstrak tumbuhan dari setiap spesies yang disebutkan telah menjalani proses 

penyaringan total phenolic content, total flavonoid content dan activity anti-

pengoxidaan. Semua ekstrak juga dinilai untuk jumlah kandungan fenolik, jumlah 

kandungan flavonoid dan aktiviti pengantioksidaan. Kebanyakan ekstrak didapati 

mempunyai sebatian fenolik, flavonoid dan potensi anti-oksidan. Beberapa ekstrak 

telah menunjukkan aktiviti positif dalam tiga bioassay. Antara spesies dikaji, K. 

parviflora menunjukkan aktiviti positif dalam tiga bioassay dan aktiviti 

phytochemical yang lebih tinggi berbanding spesies lain. K. parviflora dipilih untuk 



© C
OPYRIG

HT U
PM

 

iv 

 

dikaji lebih lanjut. Kedua-dua kultivar K. parviflora, KPM (K. parviflora dari 

Malaysia) dan KPT (K. parviflora dari Thailand) menunjukkan aktiviti sitotoksik 

paling selektif terhadap sel HCT116 (IC50 9-13 μg mL-1). Ekstrak KPM dan KPT 

juga menunjukkan kesan perencatan β-hexosaminidase yang tinggi (> 50%) pada 

kepekatan 7.5 hingga 10 μg mL-1 tanpa menjejaskan kebolehidupan sel dalam sel 

RBL-2H3. Kedua-dua ekstrak mempamerkan dasar toleransi yang tinggi terhadap 

pengeluaran NO pada kepekatan tertinggi (50 μg mL-1) tetapi mempengaruhi 

kebolehidupan RAW 264.7 sel makrofag (< 80%). Jumlah kandungan fenolik (TPC) 

dan jumlah kandungan flavonoid (TFC) lebih tinggi pada KPM 3.14 mg asid gallic 

equivalent (GAE) / g DW, 1.83 mg setara rutin / g DW. Hasil menunjukkan bahawa 

ekstrak K. parviflora mempunyai sifat terapeutik, tetapi kemanfaatan kualiti 

mungkin berbeza antara kultivar. 

 

 

Untuk meningkatkan penyebaran K. parviflora, regenerasi anak pokok didapati 

paling efisien pada Murashige dan Skoog (MS) yang ditambah dengan 35.52 μM 

N6-benzyladenine (BA) dengan catatan tertinggi pucuk (22.4 ± 1.84), daun (29.27 ± 

1.30 ), dan akar (17.8 ± 1.72) setiap peledakan. Sekelompok tumbuhan in vitro yang 

dihasilkan semula kemudian berjaya diinduksi untuk membentuk mikrorhizomes 

dalam medium MS tanpa pengawalselia pertumbuhan tumbuhan dengan kepekatan 

optimum 6% (w / v) sukrosa. Peningkatkan biomassa mikro (35.7 ± 2.59 g setiap 

lob), bilangan mikrorhizomes (5.2 ± 0.78), pucuk (8.5 ± 1.58) dan akar (8.5 ± 1.58) 

dilihat dalam rawatan ini. 

 

 

Cahaya adalah salah satu faktor pembatas utama bagi biosintesis kompaun fenolik 

dalam tumbuhan. K. parviflora kultivar KPM (K. parviflora Malysia) dan KPT (K. 

parviflora Thai) dikaji untuk pertumbuhan dan kandungan metabolit sekunder di 

bawah empat tahap teduhan (0%, 30%, 50%, dan 70%). Keupayaan fotosintesis, 

biomas tumbuhan dan jumlah kandungan flavonoid tertinggi dalam kedua-dua 

kultivar dijumpai bawah teduhan 30% selepas jangkamasa sembilan bulan kitaran 

pertumbuhan. Penanda kimia 5,7-dimethoxyflavone (DMF) untuk K. parviflora, 

dicatatkan tertinggi di KPM yang membesar di bawah 30% teduhan. KPT 

mempunyai biomas yang lebih tinggi daripada KPM di bawah 30% tetapi kandungan 

DMF yang lebih rendah. K. parviflora adalah tumbuhan yang sesuai untuk tumbuh 

di bawah teduhan 30% untuk hasil pengeluaran optimum dan pengeluaran metabolit 

sekunder. 

 

 

Kajian ini memberikan gambaran umum dan perbandingan komprehensif spesies 

Kaempferia untuk penyelidikan selanjutnya. Kajian agronomik pada K. parviflora 

meningkatkan potensi sepenuhnya untuk dijadikan herba yang penting dari segi 

ekonomi. 
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CHAPTER 1 

1 INTRODUCTION 

Mankind have depended on herbal medicine as the basis of healthcare throughout the 

world since ancient times. Herbal medicine is still widely used and have 

considerable importance in international trade. The commercial value of herbal 

medicines on the international market is high and increasing greatly. The global 

herbal industry is estimated by World Health Organization to a value of US $ 14 

billion with a growing demand rate of 15–25% annually and approximately  US$17 

billion was spent in the US on traditional herbal medicines in 2003 (Booker, 

Johnston, & Heinrich, 2012; Willis, 2017) 

Malaysia is a melting pot of cultures and the herbal tradition of these cultures 

continues to flourish. The Malaysian government has taken a great interest in the 

herbal industries and its role in the national healthcare system. The herbal industry in 

Malaysia drives three main sectors, agriculture, tourism and manufacturing. Herbal 

industry sales in Malaysia is estimated at RM 2 billion Ahmad et al., 2015. There are 

more than 1250 plant species with medicinal value currently identified in Malaysia. 

Herbs have also been made into the first Entry Point Project (EPP1) for the nation’s 

Agriculture NKEA (National Key Economic Areas) due to its potential in propelling 

the sustainability of the nation’s Bio-economy sector (Ahmad, Farizah,Zaidi, Mohd 

Azlan, Sulaiman, Noorasiah & Majid, 2015). 

The herbal medicine industry faces several major challenges in its development as 

well as government implementation of regulation. These challenges are related to 

regulation pertaining to herbal products, assessment of safety and efficacy of herbal 

products, quality control, safety monitoring and lack of knowledge about herbal 

medication (WHO, 2005). In the agriculture sector, it is important to address the 

standardization for quality control of both raw materials and final herbal products. 

This will not only solve poor quality problem but also promote value of local-natural 

resources (Putiyanan, Chansakaow, & Phrutivorapongkul, 2008). 

Zingiberaceae species are a rich source of active phytochemicals. They have been 

widely used as spices, medicines, dyes, flavouring agents, ornamental plants and 

more in Malaysia (Ibrahim, Khalid, & Hussin, 2007). Kaempferia is a lesser known 

genus of Zingibereceae plants. They are commonly called peacock gingers with 60 

species distributed from India to Southeast Asia (Sirirugsa, 1989). Some Kaempferia 

cultivated in Malaysia include Kaempferia galanga Linn., Kaempferia pulchra Ridl., 

Kaempferia elegans Wall. ex Baker, Kaempferia parviflora Wall. ex Baker, 

Kaempferia angustifolia Roscoe and Kaempferia marginata Roscoe. 
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Kaempferia species are not well investigated in Malaysia. They are difficult to 

identify and characterise due to morphological similarities in vegetative parts of 

Zingiberaceae (Techaprasan, Klinbunga, Ngamriabsakul, & Jenjittikul, 2010). 

Furthermore, there are no comparative studies on bioactivity and phytochemical 

contents between species. There is a need to establish baseline information of 

Kaempferia in Malaysia to fill knowledge gaps and improve its potential utilization 

in the herbal industry. 

Agriculture plays a major role in producing raw materials and finished herbal 

products at highest quality. Agricultural improvements in terms of rapid propagation 

and improved secondary metabolite contents can increase economical value of 

herbal products. Kaempferia species are conventionally propagated through rhizome 

splitting which affords slow growth rates and low productivity. Many species also 

undergo dormancy periods during dry seasons limiting large-scale propagation 

(Techaprasan et al., 2010). It would be beneficial to use plant tissue culture 

technology to propagate Kaempferia species to overcome shortcomings of 

conventional propagation.   

There are both scientific merit and commercial justifications to establish 

comparative baseline information on Kaempferia species in Malaysia. 

Morphological and molecular markers will improve identification and assist in 

improving scientific knowledge and quality control of Kaempferia herbal products. 

The bioactivities and phytochemical content of Kaempferia extracts can be used as a 

guideline for future pharmacology and phytochemical investigations into this genus. 

Selecting the most active Kaempferia species from the first two studies, agriculture 

technology will be applied to improve impediments in production of high-quality 

raw materials for the herbal industry.  

Hence, the objectives of this present study were: 

1. To identify and characterize Kaempferia species 

2. To determine the activity profile of Kaempferia species 

3. To determine the dose response activity in K. parviflora  

4. To improve propagation of K. parviflora  

5. To increase secondary metabolite content in K. parviflora  
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