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Herbs and medicinal plants are major ingredients in traditional medicine systems or 

folk medicines for many countries of the world, including Malaysia. The present study 

aimed to evaluate their antioxidant and antidiabetic potential of some herbs used in 

Malaysia, and to select the most bioactive amongst the tested plants for further 

metabolomics study towards identifying their bioactive metabolites. The aqueous 

ethanolic extracts of five medicinal plant species, i.e Cosmos caudatus, Leucaena 

leucocephala, Momordica charantia, Pereskia bleo and Averrhoa bilimbi were 

assayed using DPPH radical scavenging activity, α-glucosidase inhibitory activity and 

total phenolic contents. C. caudatus gave the highest DPPH radical scavenging activity 

with IC50 value of 272.46 ± 8.98 µg/mL, and the highest total phenolic content with a 

value of 0.263 ± 0.02 g GAE/g DW. Meanwhile, the most potent α-glucosidase 

inhibitory activity was demonstrated also by the leaves of C. caudatus with IC50 of 

21.90 ± 3.60 µg/mL, followed by L. leucocephala with IC50 value of 30.80 ± 2.50 

µg/mL. The inhibitions were significantly more potent than the positive control, 

quercetin, with IC50 value of 109.30 ± 4.30 µg/mL. Based on these properties, C. 

caudatus was selected for further investigation in which the (i) influence of varying 

the polarity of the extraction solvents, and the (ii) harvesting age of the cultivated herb 

were correlated to its biological activities (DPPH free radical scavenging and α-

glucosidase inhibition activity). An NMR-based metabolomics approach in 

combination with multivariate data analysis (MVDA) were used to analyse the 

correlation, while identification of the bioactive metabolites utilized both 2D NMR 

spectroscopy and LCMS/MS profiling.  

 

An EtOH:water (80:20) solvent system was found to be the more preferred extraction 

solvent for obtaining C. caudatus with significant biological activities. The DPPH free 

radical scavenging (235.11 ± 29.92 µg/mL), α-glucosidase inhibitory activity (39.18 ± 

5.80 µg/mL), and the total phenolic content (0.79 ± 0.09 g GAE/g) of the EtOH:water 

(80:20) extract were the highest among the C. caudatus leaf extracts. Based on the 

correlations observed in the NMR metabolomics and detailed NMR spectroscopy and 

LCMS analysis, were shown to comprise of quercetin derivatives (rutin, quercetin 3-
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O-glucoside, quercetin 3-O-xyloside, quercetin 3-O-arabinofuranoside and quercetin 

3-O-rhamnoside). Meanwhile fatty acid, chlorogenic acid, proline, acetic acid and 

catechin were the main metabolites present in other, less bioactive C. caudatus leaf 

extracts.  

 

The investigation on how age affected the biological activity of the plant, C. caudatus 

harvested at different stages of growth, spanning from the 6th to the 14th weeks after 

planting were subjected to the metabolomics study. The results showed that the best 

quality of plant material, based on biological activities and total phenolic content, was 

after 10 weeks of growth. Cluster analysis, using PCA, of the EtOH:water (80:20) 

extracts prepared from various ages of C. caudatus, separated the 10, 12 and 14 weeks 

samples from the younger 6 and 8 weeks samples by PC1.  Meanwhile, an analysis 

using PLS, showed strong correlation between 10, 12 and 14 weeks old samples with 

the and DPPH free radical scavenging and α-glucosidase inhibition activities, as well 

as the phenolic contents, which formed the basis of the conclusion that the best quality 

C. caudatus material is obtainable after 10 weeks of growth. The differentiating factors 

of the discriminative analysis were the chemical shifts for quercetin derivatives and 

rutin, which were found to be higher in the 10, 12 and 14 weeks old samples. This was 

further supported by the relative quantification of the metabolites, where higher 

concentrations of quercetin derivatives including rutin were detected in the 10 weeks 

old plants, while the levels were observed to decrease as the plant aged to the 12nd and 

up to the 14th weeks. Relatively lower concentrations were reported for other 

components such as fatty acid, chlorogenic acid, proline, acetic acid and catechin. 

Further support for the identification of bioactive metabolites was obtained using 

LCMS analysis.  

 

For the analysis, the EtOH:water (80:20) leaf extract was first solvent partitioned and 

tested for bioactivity. The EtOAc and BuOH fractions of the C. caudatus extract 

showed the highest bioactivities with TPC (0.72 g GAE/g DW and 0.60 g GAE/g DW), 

DPPH radical scavenging activity (255.20 µg/mL and 257.61 µg/mL) and α-

glucosidase inhibitory activity (40.90 µg/mL and 74.84 µg/mL), respectively. Both 

fractions were found to be bioactive and further metabolite profiling using LCMS/MS 

revealed the presence of six phenolic compounds were detected in EtOAc fraction i.e 

rutin, quercetin 3-O-galactoside, quercetin 3-O-glucoside, quercetin 3-O-xyloside, 

quercetin 3-O-arabinofuranoside and quercetin 3-O-rhamnoside. The same 

metabolites, except for quercetin 3-O-galactoside, were also detected in the BuOH 

fraction. It’s showed that the flavonoids glycosides were the responsible compounds 

that contribute to the free radical scavenging and lowering the glucose effects of C. 

caudatus leaves. Interestingly, in the present study, quercetin 3-O-xyloside in C. 

caudatus extracts was reported for the first time.  

 

On the overall, the results of the current study showed that the EtOH:water (80:20) are 

the best extraction solvent system for obtaining C. caudatus with significant biological 

activities. Meanwhile, the 10th weeks old plant (before the flowering stage) was the 

best harvesting age to yield potentially valuable of antioxidant and α-glucosidase 

inhibitory activities in C. caudatus. Hence, this plant can be suggested as a potential 

natural source of antioxidant and antidiabetic compounds for the prevention or the 
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treatment of diabetes and its complications. However, the use of this plant as an 

alternative remedy for diabetes requires more extensive studies and isolation of the 

bioactive compounds and its safety and efficacy evaluation on human subjects.  
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PROFIL KIMIA BAGI Cosmos caudatus Kunth YANG MENGANDUNGI 

ANTIOKSIDAN DAN AKTIVITI PERENCATAN α-GLUKOSIDASE 

 

Oleh 

 

WAN NADILAH ADIBAH W. AHMAD 

 

Julai 2017 

 

Pengerusi : Professor Khozirah Shaari, PhD 

Institut : Biosains 

 

Herba-herba dan tumbuh-tumbuhan berubat adalah perkara utama di dalam sistem 

perubatan tradisional atau perubatan setempat bagi banyak negara di dunia, termasuk 

Malaysia. Kajian ini dijalankan untuk menentukan potensi antioksidan dan 

antidiabetik beberapa herba di Malaysia. Seterusnya kajian diteruskan menggunakan 

pendekatan metabolomik untuk menentukan metabolit bioaktif yang terdapat pada 

tumbuhan tersebut. Lima ekstrak akueus etanol tumbuhan berubat iaitu Cosmos 

caudatus, Leucaena leucocephala, Momordica charantia, Pereskia bleo dan Averrhoa 

bilimbi telah diuji dengan aktiviti perencatan radikal DPPH, α-glukosidase aktiviti dan 

jumlah kandungan fenolik. C. caudatus memberi nilai perencatan radikal DPPH 

tertinggi dengan nilai IC50 sebanyak 272.46 ± 8.98 µg/mL, dan jumlah kandungan 

fenolik tertinggi iaitu 0.263 ± 0.02 g GAE/g DW. Sementara itu, perencatan aktiviti α-

glukosidase paling berkesan turut dilaporkan di dalam daun C. caudatus dengan nilai 

IC50 sebanyak 21.90 ± 3.60 µg/mL, diikuti dengan L.  leucocephala dengan nilai IC50 

sebanyak 30.80 ± 2.50 µg/mL. Perencatan ini adalah ketara lebih berkesan berbanding 

kawalan positif, kuersetin iaitu mencatat nilai IC50 sebanyak IC50 109.30 ± 4.30 

µg/mL. Berdasarkan ciri-ciri ini, C. caudatus telah dipilih untuk meneruskan kajian 

menerusi (i) kesan pelarut pengekstrakan yang berbeza polariti dan (ii) umur penuaian 

tumbuhan yang ditanam yang telah dikaitkan dengan aktiviti-aktiviti biologi 

(perencatan α-glukosidase dan perencatan radikal DPPH). Pendekatan metabolomik 

berasaskan NMR yang digabungkan dengan analisis data multivariat (MVDA) telah 

digunakan untuk menganalisis korelasi, sementara pengenalpastian metabolit bioaktif 

telah menggunakan kedua-dua spektroskopi 2D NMR dan pemprofilan menggunakan 

LCMS/MS.  

 

Sistem pelarut EtOH:air (80:20) merupakan pelarut pengekstrakan yang telah dipilih 

kerana keupayaannya untuk mendapatkan C. caudatus dengan aktiviti-aktiviti biologi 

yang ketara. Aktiviti perencatan radikal bebas DPPH (235.11 ± 29.92 µg/mL) and 

jumlah kandungan fenolik (0.79 ± 0.09 g GAE/g) serta aktiviti perencatan α-

glukosidase (39.18 ± 5.80 µg/mL) daripada ekstrak EtOH:air (80:20) adalah tertinggi 

di kalangan ekstrak-ekstrak daun C. caudatus. Berdasarkan korelasi yang diperhatikan 
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dalam NMR metabolomik dan analisis LCMS yang lebih terperinci, menunjukkan 

ianya terdiri daripada derivatif kuersetin (rutin, kuersetin 3-O-glukosida, kuersetin 3-

O-xilosida, kuersetin 3-O-arabinofuranosida dan kuersetin 3-O-rhamnosida). 

Sementara itu asid lemak, asid klorogenik, prolin, asid asetik dan katekin adalah 

metabolit utama di dalam ekstrak-ekstrak lain daun C. caudatus yang kurang aktif.  

 

Kajian untuk menunjukkan bagaimana umur memberi kesan kepada aktiviti biologi 

sesuatu tumbuhan telah dilakukan dengan menuai C. caudatus pada peringkat 

pertumbuhan yang berbeza, bermula dari minggu ke-6 sehingga minggu ke-14 selepas 

penanaman tumbuhan tersebut, kemudian diteruskan untuk kajian metabolomik 

terhadapnya. Hasil kajian menunjukkan kualiti yang terbaik pada tumbuhan, 

berdasarkan aktiviti-aktiviti biologi dan jumlah kandungan fenolik, adalah selepas 

minggu ke-10 penanaman. Analisis kelompok menggunakan PCA, menunjukkan 

ekstrak EtOH:air (80:20) daripada tumbuhan C. caudatus yang dituai daripada 

pelbagai umur, menunjukkan minggu ke-10, 12 dan 14 terasing daripada sampel-

sample minggu ke-6 dan 8 menerusi PC1. Sementara itu, analisis menggunakan PLS 

menunjukkan korelasi yang kuat di antara minggu ke-10, 12 dan 14 dengan perencatan 

radikal bebas DPPH dan perencatan α-glukosidase, begitu juga dengan kandungan 

fenolik, yang menjadi asas kesimpulan iaitu kualiti terbaik adalah C. caudatus yang 

dituai adalah selepas 10 minggu pertumbuhan. Faktor-faktor yang membezakan 

analisis diskriminatif adalah anjakan kimia bagi derivatif kuersetin termasuk rutin, 

yang didapati lebih tinggi dalam sampel yang dituai pada minggu ke-10, 12 dan 14. 

Ini turut disokong oleh kuantifikasi relatif metabolit, di mana kepekatan yang lebih 

tinggi dikesan di dalam derivatif kuersetin termasuk rutin pada minggu ke-10, 

manakala mengalami pengurangan pada minggu ke-12 sehingga minggu ke-14. 

Kepekatan yang agak rendah dikesan bagi komponen lain seperti asid lemak, asid 

klorogenik, prolin, asid asetik dan katekin. Sokongan lanjut untuk mengenalpasti 

metabolit bioaktif telah diperolehi dengan menggunakan analisis LCMS. Untuk 

analisis, ekstrak EtOH:air (80:20) adalah pelarut pertama yang diuji untuk bioaktiviti. 

Kedua-dua pecahan EtOAc dan butanol mengandungi bioaktif dan kajian lanjut untuk 

profil metabolit menggunakan LCMS/MS menunjukkan kehadiran enam sebatian 

fenolik iaitu rutin, kuersetin 3-O-galaktosida, kuersetin 3-O-glukosida, kuersetin 3-O-

xilosida, kuersetin 3-O-arabinofuranosida dan kuersetin 3-O-rhamnosida. Metabolit 

yang sama kecuali kuersetin 3-O-galaktosida turut dikesan di dalam pecahan pelarut 

BuOH. Ini menunjukkan glikosida flavonoid adalah sebatian yang menyumbang  

kepada perencatan radikal bebas dan merendahkan kandungan glukos. Lebih menarik, 

kuersetin 3-O-xilosida dalam ekstrak C. caudatus  kajian ini adalah pertama kali 

dilaporkan.   

 

Secara keseluruhannya, keputusan hasil kajian ini menunjukkan EtOH:air (80:20) 

adalah sistem pengekstrakan pelarut terbaik untuk mendapatkan C. caudatus dengan 

aktiviti-aktiviti biologi yang ketara. Manakala, minggu ke-10 (sebelum peringkat 

berbunga) adalah umur terbaik untuk dituai untuk mendapatkan potensi antioksidan 

dan perencatan α-glukosidase yang bernilai di dalam tumbuhan C. caudatus. Maka, 

tumbuhan ini boleh dicadangkan sebagai sumber semulajadi untuk antioksidan dan 

antidiabetik untuk langkah pencegahan atau rawatan diabetis dan kesan-kesannya. 

Bagaimanapun, penggunaan tumbuhan ini sebagai rawatan alternatif untuk diabetis 
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memerlukan kajian lanjut dan pengasingan sebatian bioaktif untuk keselamatan dan 

penilaian ke atas manusia perlu dilakukan.   
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

Diabetes mellitus (DM) is a serious, debilitating disease that has become an increasing 

health burden to most of its sufferers. This metabolic disorder is characterized by loss 

of glucose homeostasis with disturbances of carbohydrate, fats and protein metabolism 

resulting from defects in insulin secretion, insulin action or both (WHO, 1999; 

Pietropolo, 2001; DeFronzo, 2004). Without having enough insulin, body tissues, 

particularly the liver, muscle and adipose tissues, fail to take and utilize glucose for 

blood circulation. Subsequently, this could increase the blood glucose level, a 

condition known as hyperglycaemia. If the blood glucose level remains high for long 

periods of time, it could damage the organs in our body such as the kidneys, eyes, 

nerves, heart and blood vessels. Complications arising from such organ failures could 

also lead to death (Brownlee, 2001; Weiss and Sumpio, 2006). 

 

 

According to the International Diabetes Federation (IDF) (2011), about 366 million 

people worldwide, had diabetes. This number is expected to rise to 522 million by 

2030. The present trend indicated that more than 60% of the world’s diabetic 

population will be from Asia (Yang et al., 2010). In Malaysia alone, an alarming 3.6 

million adults of greater than 18 years old, were estimated to be affected by diabetes 

(The Star, 2013). About 2 100 patients were diagnosed in the year 2000 and this 

number had increased to 4 000 in 2012. A National Health and Morbidity Survey 

indicated that the prevalence of diabetes among adults has increased from 11.6% in 

2006 to 15.2% in 2011. The diabetes clinical audit also showed that the usage of α-

glucosidase inhibitors as a method of treatment has increased, with 4.7%, 5.9% and 

6.5% for 2009, 2010 and 2011, respectively (Ministry of Health Malaysia, 2012).  

 

 

Two forms of DM are recognized, namely Type 1 and Type 2 DM. Type 1 insulin-

dependent diabetes mellitus (T1DM), which accounted for 5 - 10% of the total number 

of diabetes patients, is a condition in which the body does not produce any insulin, 

mostly occurring in children and young adults. People with T1DM must take insulin 

injection daily to survive. Type 2 non-insulin dependent diabetes mellitus (T2DM) is 

the most common type of diabetes, accounting for 90 - 95% of cases. This type of DM 

occurs when the body does not produce enough insulin, or is unable to use the insulin. 

The main cause of T2DM is diet mismanagement, usually involving high contents of 

sugar (Li et al., 2008). Therefore, people with T2DM can sometimes manage their 

condition with lifestyle measures alone, but oral drugs are often required, and less 

frequently insulin, in order to achieve good metabolic control (Bailey, 2000).  

 

 

Despite the vast understanding of its epidemiology, there are no effective therapies to 

cure diabetes (Maiti et al., 2004) and a define solution for its prevention and causes 

are still not forthcoming (Zhang et al., 2008). Acarbose, miglitol, voglibose and 

nateglinide are drugs used alone or together with insulin to treat this disease. 

Unfortunately, these medications can cause side effects and high secondary failure 
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rates (Bailey, 2000; Erasto et al., 2005; Dey et al., 2007). Furthermore, due to their 

high costs, these drugs cannot be afforded by a majority of people living in the rural 

communities of developing countries such as South Africa (Bailey, 2000). This failure 

leads to a greater demand for alternative therapies, particularly safer and more 

effective antidiabetic agents. Many studies have focused on the exploration of herbal 

remedies as treatment of DM, since this natural method of treatment promises lesser 

side effects and lower costs than using modern, synthetic drugs (Pushparaj et al., 2000; 

Gupta et al., 2005; Kim et al., 2005; Sohn et al., 2010; Petchi et al., 2014).   

 

 

Metabolomics is an approach used for the qualitative and quantitative analysis of all 

metabolites of the living organism (Fiehn, 2002). Metabolomics utilizes advanced and 

data rich analytical tools such as Nuclear Magnetic Resonance (NMR)-Spectroscopy 

and Liquid Chromatography-Mass Spectrometry (LCMS), combined with multivariate 

data analysis (MVDA).  Between these two instrumental platforms, NMR is the 

preferable choice in non-targeted plant metabolomics study because it is robust, rapid, 

has high reproducibility and is capable of classifying the plants according to their total 

chemical composition (Bailey et al., 2002; Defernez and Colquhoun, 2003; Wang et 

al., 2004; Choi et al., 2006; Verpoorte et al., 2007; Son et al., 2008; 2009; Georgiev 

et al., 2011). Research involving metabolomics has been published as early as in the 

1970s, for example the research by Devaux et al. (1971), and Horning and Horning 

(1970; 1971a; 1971b). Among the many examples of its application, metabolomics has 

been successfully used to monitor plant metabolic changes due to external factors such 

as harvesting time, seasons, handling and storage (Abdel-Farid et al., 2007; Shuib et 

al., 2011).  

 

 

In a typical plant metabolomics study, the NMR spectral pattern and intensity of the 

plant metabolome are recorded, and then statistically compared. Their features were 

compared and analysed for the relevant spectral characteristics that discriminate 

sample classes. Identification technique usually involved unsupervised clustering 

(Principal Component Analysis or PCA), or supervised classification (Partial Least 

Square Discriminant Analysis or PLS-DA and Orthogonal Partial Least Square 

Discriminant Analysis or OPLS-DA) (Cozzolino et al., 2011; Lee et al., 2011). 

Subsequent identification of the plant’s marker metabolites is further established via 

LCMS, often combined, when necessary, with chromatographic separation and 

structural elucidation by 1D and 2D NMR spectroscopy. 

 

 

The use of α-glucosidase inhibitors is a therapeutic approach to reduce postprandial 

hyperglycaemia in diabetic patients. It works by retarding the absorption of 

carbohydrate and glucose (Ortiz-Andrade et al., 2007). The α-glucosidase enzyme is 

located in the brush border membrane of the small intestine. Its function is to break 

down carbohydrates to form the more absorbable monosaccharides. Alpha-glucosidase 

inhibitors delay and reduce the postprandial glucose and insulin levels (Stuart et al., 

2004). Thus, inhibition of carbohydrate-hydrolyzing enzyme using α-glucosidase 

inhibitors is a plausible pathway to combat DM (Krentz and Bailey, 2005; Jong-

Anurakkun et al., 2007; Bhandari et al., 2008). In recent years, there have been 

numerous investigations carried out on the α-glucosidase inhibitory activity of various 
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plant extracts in the hope of discovering new or more potent α-glucosidase inhibitors 

(Abesundara et al., 2004; Yuhao et al., 2005; Önal et al., 2005).  

More than 1 000 plants have been claimed to be used as an alternative treatment for 

diabetes ever since the first medical text was reported on DM over 2000 years ago 

(Teschke and Eickhoff, 2015). However, only a small fraction of these valuable plants 

have received adequate scientific scrutiny (Eidi et al., 2005). This is rather ironic since 

about 80% of the world population is using herbal medicines as part of their primary 

healthcare, as estimated by the World Health Organization (Cragg et al., 1999; Narins, 

2000). In the United States, approximately 20% of the population have been reported 

to use herbal products, in one form or another (Bent, 2008). Malaysia is also one of 

many countries that favour the use of herbal medicine for primary healthcare. This 

dependence on plants for medicinal applications is not surprising since Malaysia’s 

biodiversity is the twelfth largest in the world, with about 12 000 flowering plants 

reported to have potential health promoting properties (Noridayu et al., 2011). From 

these, only 1 300 species have been properly identified for medicinal purposes (Jamal 

et al., 2010). Although knowledge on the chemical constituents of these plants are 

increasing, information on the mode of action and clinical pharmacology of the 

bioactive principles are still limited or non-existent, which limits practical efforts in 

their proper standardization, evaluation and further utilization (Ma et al., 2008). 

Examples of tropical plants that are traditionally used for treating diabetes by 

Malaysian traditional healers and herbalist include Averrhoa bilimbi L. (belimbing 

buluh), Leucaeana leucocephala (petai belalang), Momordica charantia (peria katak), 

Pereskia bleo (jarum tujuh bilah) and Cosmos caudatus (ulam raja), among many 

others. Despite their popular use as herbal remedies for DM, the effects of A. bilimbi, 

L. leucocephala, M. charantia, P. bleo and C. caudatus on α-glucosidase are still not 

known or fully understood. The plants should thus be re-evaluated for possible 

inhibitory action on the enzyme glucose degrading enzyme. Once this information is 

established, studies may then be carried out to obtain a better understanding of their 

potential as therapeutic modalities for DM. 

Among the five herbs, mentioned in the previous paragraph, C. caudatus Kunth 

(Asteracecae) is an interesting and popular medicinal plant in Southeast Asian 

countries, particularly Indonesia and Malaysia. In Malaysia, the plant is a popular 

vegetable known as “ulam raja” and is recommended for use against diabetes, high 

blood pressure, arthritis and fever (Burkill, 1966; Abas et al., 2003; Rasdi et al., 2010) 

as well as for several other health uses such as longevity and aiding digestion (Ong 

and Norzalina, 1999; Bunawan et al., 2014). It has also been reported to have excellent 

antioxidant properties (Shui et al., 2005). The major chemical constituents of C. 

caudatus have been investigated and reported in the scientific literature. Some 

compounds, for example the phenolics, have been shown to exert antioxidant and 

antidiabetic activities (Kerem et al., 2006; Mai et al., 2007; Ranilla et al., 2010; 

Kunyanga et al., 2012).  Although, there have been various studies on the antidiabetic 

and antioxidant activities of C. caudatus, more studies that can help to further 

understand the therapeutic value of the plant would still be beneficial.   
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An area of particular importance for the plantation crop and herbal industries alike, are 

the influence of a crop’s age on the potency of a particular property or bioactivity, and 

what are the responsible or contributing chemical constituents. For the herbal industry 

in particular, these aspects are very important in standardization and quality control of 

the herbal produce, either in the upstream or the downstream stages. For example, the 

choice of solvent is an important aspect to consider in ensuring plant extracts of certain 

chemical quality and biological activity. Solubility of the different classes of chemical 

constituents in the plant metabolome would also vary based on the polarity of the 

extracting solvent. To ensure that the plant’s natural therapeutic value is not lost, it is 

important to determine the best solvent for the optimum extraction of the bioactive 

chemical constituents of the plant. Another crucial factor in assuring the potency of 

the biological or pharmacological effect of the final plant extract is the harvesting age. 

This is due to the fact that different metabolites are biosynthesized and may be present 

at different ages of the plant’s growth.   

Therefore, with the above scenario as a background, the present study aims to evaluate 

the antioxidant (DPPH free radical scavenging activity) and α-glucosidase inhibitory 

activity as well as total phenolic content of the highlighted herbs. Once their 

bioactivities are established, the herb showing the highest bioactivity, specifically the 

DPPH free radical scavenging activity and α-glucosidase inhibitory activity, will be 

selected for further study to, first, understand the influence of solvent polarity on the 

bioactivity, and then, to identify the potentially bioactive constituents through the use 

of NMR spectroscopy and tandem mass spectrometry (LCMSn). Then, the influence 

of variation on different harvesting ages was carried out. An NMR-based 

metabolomics approach will be adopted so as to obtain a more holistic view of the 

changes in the metabolite profiles due to difference in choice of extracting solvents, 

and harvesting age.  

Thus, the four objectives of the study are: 

1. to determine the total phenolic content, DPPH free radical scavenging activity

and α-glucosidase inhibitory activity of ethanolic extracts of Cosmos caudatus,

Leucaena leucocephala, Momordica charantia, Pereskia bleo and Averrhoa

bilimbi.

(Note: In the screen, C. caudatus was identified as having the strongest

bioactivity and was thus selected for further study).

2. to determine the best solvent for optimal extraction of bioactive metabolites of

C. caudatus. Selection of solvent systems for evaluation, include 100% EtOH,

a series of EtOH:water systems (i.e 80:20, 60:40, 40:60, 20:80) and 100%

water.

3. to determine the best harvesting age for C. caudatus on the basis of its bioactive

metabolite composition identified. Selection of harvesting age for analysis,

include 6, 8, 10, 12 and 14 weeks.

4. to identify the chemical constituents of C. caudatus which are responsible

and/or contributed to the antioxidant and α-glucosidase inhibitory activities.
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