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Andrographis paniculata (Burm. F.) Nees (hempedu bumi) is harvested from the wild
or cultivated area, causing variations in quality and consistency of the plant extracts
and active compounds. Variations in its bioactive compounds, andrographolide
(ANDRO), neoandrographolide (NAG), 14-deoxy-11, 12-didehydroandrographolide
(DDAG), especially due to harvest age and plant parts used affect medicinal properties
of the plant. The objective of this study was to determine optimum harvest age and
suitable plant parts for quality and consistency of phytochemical compounds in A.
paniculata. In Experiment 1, seedlings were raised in a nursery, field transplanted at 8
weeks after sowing (WAS), and harvested at 14, 16, 18, 20 and 22 WAS. Plant growth,
phytochemical compounds, and heavy metal contaminations were determined. In
Experiment 2, optimum harvest age of 19 WAS that produced highest bioactive
compounds were selected for further phytochemical compound analysis in different
plant parts (leaves, stems, and aerials) of young and mature development stages. In
Experiment 3, verification in metabolites, bioactive compounds in young and mature
leaves, and also young leaves harvested at 14 to 22 WAS were conducted using proton
magnetic resonance (*H NMR) combined with multivariate analysis. The maximum
increment rate in height and number of leaves and branches were at 16 and 22 WAS,
respectively. Specific leaf area decreased by 41% as plant harvest age increased.
Maximum ANDRO, NAG, and DDAG contents were obtained at 19, 18.5 and 18
WAS, respectively. Plant fresh and dry weights did not correlate with bioactive
compounds. Total phenolic content increased by 17.6% from 14 to 19.06 WAS (36 to
42.36 mg GAE/100 g DW) and decreased by 3% until 22 WAS. Total flavonoid
content showed a cubic relationship (r> = 0.97) with harvest age. Antioxidant activities,
except for reducing power, were highest at seed formation stage. The chlorophyll
content started to increase by 47.7% from 14 (3.54 mg/g) to 20 (5.23 mg/g) WAS,
remaining constant until seed formation. Heavy metal contents were below the
permissible limits of WHO. In Experiment 2, the leaves had a highest extraction yield,
followed by aerial parts and stems. ANDRO was 56.2% in young compared to mature



plants. ANDRO of mature leaves (1.18 mg/g) and mature aerial parts (1.03 mg/g) were
87.1% and 62.7% higher, respectively, compared to mature stems (0.63 mg/g). The
NAG content of mature stage was 2.9 times higher than young stage. Mature leaves
have highest NAG compared to young aerial and young stems. DDAG in mature stems
were lower than other plant parts. Total flavonoid content, hesperetin and DPPH free
radical scavenging activity was highest at young stage while rutin, FRAP and reducing
power were highest at a mature stage. No significant differences were recorded in
contents of total phenolics, naringin, kaempferol, and glycosaponin, and scavenging
activity of hydrogen peroxide in young and mature plants. Seven metabolites,
ANDRO, NAG, DAG, glucose, sucrose, choline, and alanine, were identified.
Principle component analysis (PCA) indicated clear discrimination between young and
mature leaves. This discrimination was influenced by the presence of glucose, sucrose,
NAG and choline in mature leaves compared to ANDRO and DAG in young leaves.
Analysis using PC 1 and PC 2 of young leaves harvested from 14 to 22 WAS showed
trajectory changes in metabolites. A loading plot confirmed differences in metabolic
patterns of the groups. From regression analysis ANDRO, NAG and DAG were
maximum at pre-flowering and early flowering stages while glucose and choline
increased with harvest age. Thus, A. paniculata young leaves should be harvested at
pre-flowering stage (19 WAS) to obtain maximum yield and phytochemical properties
with minimal heavy metal contents.



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk ijazah Doktor Falsafah

KESAN UMUR TUAIAN TANAMAN DAN BAHAGIAN TUMBUHAN
TERHADAP KOMPAUN FITOKIMIA BAGI Andrographis paniculata
(Burm. F.) Nees

Oleh

NOR ELLIZA BINTI TAJIDIN

Januari 2017

Pengerusi  : Siti Hajar Binti Ahmad, PhD
Fakulti : Pertanian

Kualiti kandungan kimia di dalam ekstraks tumbuhan Andrographis paniculata
(Burm. f.) Nees yang dituai dari kawasan hutan berbeza dengan yang ditanam. Faktor
utama yang mempengaruhi variasi kandungan andrograpfolida (ANDRO),
neoandrograpfolida (NAG), and 14-deoxy-11, 12-didehydroandrograpfolida (DDAG)
adalah umur tanaman dan bahagian tanaman yang berbeza. Objektif utama kajian ini
ialah untuk menentukan umur tuaian tanaman dan bahagian tanaman yang sesuai untuk
memastikan kestabilan kualiti kompoun kimia di dalam A. paniculata. Bagi
Experimen 1, anak pokok dibesarkan di dalam nurseri sehingga berusia 8 minggu
selepas disemai (MSS), kemudian dipindahkan ke ladang seterusnya dituai pada 14,
16, 18, 20 and 22 MSS. Pertumbuhan pokok, kompoun fitokimia dan kandungan
logam berat ditentukan pada setiap peringkat umur tanaman. Umur tanaman pada 19
MSS dipilih untuk Experimen 2, kerana mengandungi kompaun fitokimia yang tinggi.
Tanaman dibahagikan kepada bahagian muda dan matang, setiap bahagian terdapat
daun, batang dan aerial. Experimen 3, varisi diantara daun muda dan daun matang,
serta daun muda yang dituai pada 14 hingga 22 MSS kemudiannya dianalisa
menggunakan resonan proton magnetik (*H NMR) dan analisis multivariat. Kadar
ketinggian pokok adalah maksimum pada minggu ke 16, manakala bilangan daun dan
batang maksimum pada 22 MSS. Ketinggian pokok berkorelasi dengan bilangan daun
(r = 0.97) dan batang (r = 0.94). Keluasan spesifik daun menurun sebanyak 41%
dengan peningkatan umur tuaian tanaman. Kandungan ANDRO, NAG dan DDAG
berada pada tahap maksimum apabila tanaman dituai pada 19, 18.5 dan 18 MSS.
Analisa korelasi juga menunjukkan bahawa berat basah dan kering tidak mempunyai
hubungan yang signifikan dengan ANDRO, NAG dan DDAG. Kandungan fenolik
meningkat sebanyak 17.6% apabila tanaman dituai dari minggu 14 hingga minggu
19.06 (36 dan 42.36 mg GAE/100 g DW), kemudiaannya kandungan fenolik menurun
sebanyak 3% apabila tanaman dituai pada 22 MSS. Kandungan flavonoid
menunjukkan hubungan kubik (r> = 0.97) dengan umur tuaian tanaman. Aktiviti
antioksidan adalah ditahap maksimum pada peringkat pembentukan benih, kecuali



bagi kuasa penurunan. Dari minggu 14 kandungan klorofil (3.54 mg/g) meningkat
sebanyak 47.7% dibandingkan dengan kandungan klorofil (5.23 mg/g) pada tanaman
dituai minggu 20, kandungan klorofil berada pada tahap yang sama apabila penuaian
dilakukan pada peringkat berbunga dan berbuah. Kesemua kandungan logam berat
berada dibawah tahap yang dibenarkan oleh WHO. Untuk eksperimen kedua, hasil
ekstrak daripada daun adalah tinggi diikuti oleh bahagian aerial dan batang.
Kandungan ANDRO meningkat sebanyak 56.2% pada bahagian muda berbanding
dengan bahagian matang. ANDRO pada bahagian daun (1.18 mg/g) dan aerial yang
matang (1.03 mg/g) adalah meningkat sebanyak 87.1% dan 62.7% berbanding dengan
bahagian batang matang (0.63 mg/g). NAG pada bahagian matang adalah 2.9 kali
ganda lebih tinggi berbanding bahagian muda. DDAG pada batang matang adalah
rendah berbanding bahagian tanaman yang lain. Jumlah kandungan flavonoid,
hesperetin dan DPPH tinggi pada bahagian muda, manakala rutin, FRAP dan kuasa
penurunan adalah maksimum apabila tumbuhan dituai pada peringkat pertumbuhan
matang. Tiada perbezaan yang signifikan dicatatkan bagi kandungan fenolik, naringin,
kaempferol, aktiviti pemerangkapan hidrogen peroksida dan glikosaponin pada
peringkat pertumbuhan muda dan matang. Terdapat tujuh metabolit yang berjaya
dikenalpasti iaitu ANDRO, NAG, DAG, glukosa, sukrosa, kholin and alanin. Prinsip
analisis komponen (PCA) menunjukkan diskriminasi yang nyata diantara daun muda
dan matang. Diskriminasi ini telah dipengaruhi oleh kandungan glukosa, sukrosa,
NAG dan kholin yang terdapat pada daun matang. Sementara itu, daun muda pula
didominasi oleh kandungan ANDRO dan DAG. Daun muda menunjukkan perubahan
trajektori pada PC 1 dan PC 2 terhadap kandungan metabolit apabila dituai pada
minggu ke 14 hingga minggu ke 22 MSS. Perbezaan pada corak kumpulan metabolit
juga turut disahkan melalui plot loading. Analisis regrasi menunjukkan kandungan
ANDRO, NAG dan DAG adalah optimum pada peringkat pra-berbunga dan berbunga
manakala kandungan glukosa dan kholin meningkat seiring dengan umur tuaian. Oleh
yang demikian, daun muda hendaklah dituai pada peringkat pra-pembungaan (19
MSS) bagi mendapatkan kadar pertumbuhan, hasil tanaman dan fitokimia yang tinggi
serta kandungan logam berat yang minimum.
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CHAPTER 1

INTRODUCTION

The use of herbal plants as alternative medicines has tremendously increased in the
past decade and become a public interest. It is estimated that nearly four billion people
around the world rely on herbal products as alternatives to modern medicines for
primary source of healthcare (Ekor, 2013). The annual worldwide market income
generated from this herbal industry is approximately US$60 billion (Wachtel-Galor
and Benzie, 2011; Tilburt and Kaptchuk, 2008). There are several factors that
influence public interest in herbal remedies: (i) efficiency or effectiveness of medicinal
herbs, (ii) preference of consumers for natural remedies (iii) low cost and minimal side
effect compared with modern medicines (iv) easily available and (v) for treating self-
diagnosed disorders or symptoms (Ekor, 2013; Bandaranayake, 2006).

There are 18 herbal plants that have been selected under the National Key Economic
Area (NKEA) research grant schemes, and one of them is the Andrographis paniculata
(Burm. f.) Nees. (MOA, 2012). A. paniculata is an herbaceous plant that belongs to
the Acanthaceae family (Mishra et al., 2014), widely found and cultivated in tropical
and subtropical Asia and India (Benoy et al., 2012). A. paniculata has a wide range of
medicinal and pharmacological applications. Traditionally, A. paniculata extract from
the aerial parts are used to get rid of body heat, dispel toxins from the body, prevent
common cold and sinusitis (Joselin and Jeeva, 2014), fever, and as well as an antidote
against snake and insect poisons (Samy et al., 2008). Most of the A. paniculata
products available in the market were highly consumed as stomachic,
hepatoprotective, dyspepsia, anthelmintic and bitter tonic (Kataky and Handique,
2010).

According to Valdiani et al. (2012), the price of superior quality dried A. paniculata
leaves were US$5 per kg, while the purified bioactive compounds such as
andrographolide (ANDRO) and its derivatives, could be sold for US$100,000.00/kg
(\Valdiani et al. 2012). The consumption of aerial A. paniculata in India is around 250
tonnes/year (Pholphana et al., 2013; Sharma et al., 2008). There is a large market
demand for raw plant materials and extracts of A. paniculata. The production of A.
paniculata in Malaysia is only 1 tonne/year (DOA, 2014) and Malaysia is importing
70% of herbal products, including A. paniculata, to meet the local demand (Mohd
Noor and Sukir, 2000). Conversely, the production of wild growing A. paniculata in
India is estimated to be 5000 tonnes/year (Kumar and Kumar, 2013).

Several researches on A. paniculata, that focused on the reproductive systems and
genetic variations (Chia, 2009; Abdalla, 2005; Biffa, 2003), crossability and genetic
analysis (Valdiani, 2012), and salt stress (Talei, 2012), have been conducted in
Malaysia. According to Biffa (2003), about 26 accessions of A. paniculata have been
collected around the Peninsular of Malaysia from April to June, 2002. Among the 26
accessions, only five accessions (11179S, 11269P, 11265P, 11261P and 11284P) had



been shortlisted as promising (Abdalla, 2005; Biffa, 2003). Accessions 11265P was
selected and named as ‘Harapan’ due to the beneficial morphological traits (Biffa,
2003) and phytochemical constituents (Abdalla, 2005) with the potential to be
commercialized in Malaysia.

The selection of a potential plant accession, variety or cultivar has been based on
growth performance, yield and quality of the plant material. However, environmental
effects, pest infestation, diseases, weeds (Chanli, 2012), and agronomic practices,
especially plant harvest age and plant parts used (Chen et al., 2012) need to be studied.
Plant harvest age and plant parts are important factors that influence the phytochemical
properties of a herbal plant (Raya et al., 2015; Couto et al., 2013). Since A. paniculata
is categorized under an angiosperm plant, most of the studies have stated that changes
in phenological stage affect the growth characteristics and phytochemical contents of
the plants (Ahl and Sabra, 2016; Ben Farhat et al., 2015; Chauhan et al., 2013; Chen
et al., 2012; Chouaieb et al., 2012). According to Fenner (1998), the phenology of
growth and reproduction in plants are influenced and closely related to the abiotic and
biotic factors. Several recommendations, mostly from India, China and Thailand,
where the geography, climate and weather condition are different from Malaysia, have
been reported on the suitable harvesting age or stage of A. paniculata. (Pholphana et
al., 2013; Kumar and Kumar, 2013; Parashar et al., 2011; Singh et al., 2011; Pandey
and Mandal, 2010). There is a lack of information on the optimum plant harvest age
of Harapan (11265P).

Plant parts are a major factor that influences the phytochemical properties of a plant
extract (Couto et al., 2013; Pholphana et al., 2013; Gajbhiye and Khristi, 2010; Zhoa
et al., 2007). A study conducted on Clinacanthus nutans reported that plant parts and
vegetative stage did influence the bioactive compounds of the plant (Raya et al., 2015).
Panawala et al. (2016) also claimed that plant parts and development stage also
affected the overall quantity of phytochemical properties of Pimenta dioica (L.) Merr.
The aerial plant parts (leaves and stems) of A. paniculata are normally used for the
extraction of bioactive compounds and phytochemicals, and each compound possessed
different potency in pharmacological activities (Thisoda et al., 2006). Normally,
farmers harvest the whole aerial parts in order to obtain a higher biomass yield, which
is dominated by the weight of the stems. Since the contribution of stems to the final
herbage is substantial and amount of bioactive compounds present in stems could
change the final concentration of ANDRO, NAG and DDAG, it becomes vital to study
the distribution of this bioactive compound in the different plant parts in order to
control the quality of the final crude extract.

Nowadays, metabolomic is gaining much attention among scientists since it is a
holistic, non-biased method and could provide comprehensive, qualitative and
quantitative overview of the metabolites present in the plant (Shuib et al. 2011). By
using 'H NMR and multivariate analysis, the results obtained could provide
information about metabolic fingerprints, detect chemical variations and provide a
possible explanation of discrimination between the metabolomes in the plant extracts
(Mediani et al., 2015; Khoo et al., 2015). However, there is no information available
on the variation in the metabolic discrimination of young and mature plant parts of A.



paniculata at different harvest age using advanced tools, such as the *H NMR and
multivariate analysis.

Since Harapan is a recommended accession to be commercialized in Malaysia,
therefore studies on plant harvest age and plant parts should be carried out in order to
achieve optimum growth and high phytochemical contents for production of superior
quality plant extract that could meet international quality standards. Thus, the main
objective of this study was to determine optimum plant harvest age and suitable plant
parts for superior quality and consistency of phytochemical compounds in A.
paniculata. The specific objectives were as follows:
1. To determine the effects of plant harvest age on growth characteristics,
phytochemical compounds, and heavy metal contents of A. paniculata.
2. To compare the phytochemical properties of different plant parts of A.
paniculata when harvested at young and mature development stages.
3. To discriminate young versus mature leaves and explore the changes in the
metabolites profile of young leaves harvested at different harvest age/stage.
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