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This research was conducted to evaluate antioxidant activity and identification of 

bioactive compounds of S. siamea leaf extracted using solvent and ultrasound-assisted 

extractions (UAE). A randomized complete block design with three replicates and 

central composite design (CCD) as a response surface methodology (RSM) were used 

to design and optimize the experiments. Effects of different solvents and locations on 

the bioactive compounds and antioxidant activities of S. siamea leaf were investigated. 

The results showed that the various solvent extractions had different amount of 

antioxidant compounds and activities. Methanol extract presented the highest 

efficiency values of yield, TPC, tannin content, DPPH, FRAP, and TEAC values, 

followed by extracts of water, ethanol, and ethyl acetate, respectively. Water extracts 

had the highest concentration of ascorbic acid, varying from 6.59-9.43 mg/g dw. 

Meanwhile, Beta-carotene content of ethyl acetate extracts was the highest (28.20 

mg/g dw) with significant (p<0.05) differences among locations. The correlation 

coefficients of antioxidant compounds with three of the antioxidant activity assays 

(%DPPH, FRAP, and TEAC) revealed that TPC, tannin content, and ascorbic acid of 

the extracts correlated strongly with antioxidant activities. The average of R2 of TPC, 

tannin content, and ascorbic acid was 0.976, 0.955, and 0.833, respectively. The 

optimization of solvent extraction and UAE of antioxidant compounds and antioxidant 

activities from S. siamea leaf was investigated. RSM and CCD were used to design 

and optimize experimental conditions. The result showed that the optimum conditions 

for solvent extraction were 49% of ethanol concentration, temperature at 51oC, and 

22.5 min extraction time. Ethanol concentration, temperature, and time were the most 

important variables that had effect on the responses. For UAE, the optimum conditions 

were 40%ethanol concentration, temperature at 37oC, and time of 7 min. Ethanol 

concentration was the most important variable that had an effect on the responses, 

followed by time and temperature. The UAE extracts exhibited higher efficiency, 

yield, TPC, %DPPH, and FRAP values than solvent extracts. The yield, TPC, 

%DPPH, and FRAP values increased 10.6%, 20.7%, 9.4%, and 29.6%, respectively 

from the solvent extraction. These results from the RSM clearly revealed that UAE 

has potential and is efficient to be used to extract TPC and antioxidant activities in 
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higher yields compared with solvent extractions. However, more identification studies 

are required to identify the bioactive compounds in the most desirable extract from S. 

siamea leaf. The individual phenolic acids and flavonoids were carried out using high 

performance liquid chromatography. The results showed that bioactive compounds in 

soluble extracts are significantly (p<0.05) higher than cell wall-bound extracts. It was 

further revealed that soluble phenolic acids are the major phenolic acids in the leaf. 

Caffeic acid was found as the most abundant phenolic acid in the leaf extracts, 

followed by gallic acid, and protocatechuic acid at 42.12, 25.27, and 21.65 mg/g dw, 

respectively, mainly in its soluble form. On the other hand, protocatechuic acid was 

the main phenolic acid found in cell wall-bound extracts at 19.13 mg/g dw. The 

flavonoid contents were in the range of 0.38-137.14 mg/g dw in the extracts. 

Epicatechin and catechin contents were the main flavonoids present in soluble 

extracts, which were 137.14 and 27.02 mg/g dw and also were the only flavonoids 

detected in cell wall-bound extracts, which were 10.19 and 16 mg/g dw, respectively. 

The results exhibited that the main portions of bioactive compounds in the leaf were 

present in soluble extracts. It indicated that S. siamea leaf may be regarded as a 

valuable source of antioxidant-rich nutraceuticals. The potential applications of S. 

siamea leaf antioxidants could be a value-added to the cosmetic or processed foods 

industries. 
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ANUTHIDA PHAIPHAN 

 

November 2016 

 

 

Pengerusi :  Profesor Madya Badlishah Sham Baharin, PhD  

Fakulti :  Sains dan Teknologi Makanan 

 

 

Kajian ini telah dijalankan untuk menilai aktiviti antioksidan dan mengidentifikasi 

sebatian bioaktif daun S. siamea yang diekstrak daripada pengekstrakan pelarut dan 

pengekstrakan ultrasonik-berbantu (UAE). Reka bentuk blok rawak lengkap dengan 

tiga ulangan dan reka bentuk komposit pusat (CCD) sebagai kaedah tindak balas 

permukaan (RSM) telah digunakan untuk merancang dan mengoptimumkan 

eksperimen. Kesan pelarut dan lokasi yang berbeza terhadap sebatian bioaktif dan 

aktiviti antioksidan daun S. siamea telah diselidik. Hasil kajian menunjukkan 

kepelbagaian pelarut pengekstrakan mempunyai perbezaan jumlah sebatian dan 

aktiviti antioksidan. Ekstrak metanol menunjukkan hasil, TPC, kandungan tanin, 

DPPH, FRAP dan TEAC yang paling efisien, diikuti oleh ekstrak air, etanol dan etil 

asetat.  Ekstrak air mempunyai kepekatan asid askorbik tertinggi, dalam anggaran 

6.59-9.43 mg/g bk. Sementara itu, kandungan Beta-karotena daripada ekstrak etil 

asetat adalah yang tertinggi (28.20 mg/g bk) dengan signifikan (p<0.05) di antara 

lokasi. Pekali korelasi sebatian antioksidan daripada tiga esei aktiviti antioksidan 

(%DPPH, FRAP, dan TEAC) mendedahkan bahawa TPC, kandungan tanin, dan asid 

askorbik di dalam ekstrak berhubungkait dengan kuat terhadap aktiviti antioksidan. 

Purata nilai R2 untuk TPC, kandungan tanin, dan asid askorbik ialah 0.976, 0.955, dan 

0.833, masing-masing. Pengoptimuman pengekstrakan pelarut dan pengekstrakan 

ultrasonik-berbantu (UAE) terhadap sebatian antioksidan dan aktiviti antioksidan 

daripada daun S. siamea telah dikaji. RSM dan CCD telah digunakan untuk merancang 

dan mengoptimumkan kondisi eksperimen. Hasil kajian menunjukkan bahawa kondisi 

optimum untuk pengekstrakan pelarut ialah 49% kepekatan etanol, suhu 51oC, dan 

masa pengekstrakan 22.5 min. Kepekatan etanol, suhu, dan masa merupakan 

pembolehubah yang sangat mempengaruhi respons. Untuk UAE, kondisi optimum 

ialah 40% kepekatan etanol, suhu 37oC, dan masa pengekstrakan 7.0 min. Kepekatan 

etanol adalah pembolehubah yang paling mempengaruhi respons, diikuti oleh masa 

pengekstrakan dan suhu. Ekstrak UAE mempamerkan nilai efisiensi, hasil, TPC, 

%DPPH dan FRAP yang lebih tinggi berbanding pengekstrakan pelarut. Nilai hasil, 

TPC, %DPPH dan FRAP masing-masing telah meningkat 10.6%, 20.7%, 9.4%, dan 

29.6% daripada pengekstrakan pelarut. Hasil kajian daripada RSM ini jelas 



© C
OPYRIG

HT U
PM

iv 
 

mendedahkan bahawa UAE berpotensi dan efisien digunakan untuk mengekstrak TPC 

dan aktiviti antioksidan dengan hasil yang lebih tinggi berbanding pengekstrakan 

pelarut. Walau bagaimanapun, lebih banyak kajian identifikasi diperlukan untuk 

mengidentifikasi sebatian bioaktif yang paling dikehendaki daripada daun S. siamea. 

Pemencilan individu asid fenolik dan flavonoid telah dijalankan menggunakan 

kromatografi cecair berprestasi tinggi. Hasil kajian menunjukkan bahawa sebatian 

bioaktif di dalam ekstrak larut adalah lebih tinggi secara signifikan (p<0.05) 

berbanding ekstrak terikat-dinding sel. Kajian lanjut turut mendedahkan bahawa asid 

fenolik larut adalah asid fenolik major di dalam daun. Asid kafeik ditemuikan sebagai 

asid fenolik yang paling banyak di ekstrak daun, diikuti oleh asid galik dan asid 

protokatekuik, masing-masing pada 42.12, 25.27, dan 21.65 mg/g bk, terutamanya 

dalam bentuk larut. Sebaliknya, asid protokatekuik ialah asid fenolik utama yang 

dijumpai di dalam ekstrak terikat-dinding sel pada 19.13 mg/g bk. Kandungan 

flavonoid merangkumi 0.38-137.14 mg/g bk di dalam ekstrak. Epikatekin dan katekin 

ialah flavonoid utama yang hadir di dalam ekstrak larut, iaitu 137.14 dan 27.02 mg/g 

bk dan merupakan satu-satunya flavonoid yang dikesan di dalam ekstrak terikat-

dinding sel, iaitu masing-masing 10.19 and 16 mg/g bk. Hasil kajian mempamerkan 

bahawa bahagian utama sebatian bioaktif di dalam daun hadir dalam bentuk ekstrak 

larut. Ini menunjukkan bahawa daun S. siamea boleh dianggap sebagai sumber 

bernilai untuk nutraseutikal kaya-antioksidan. Potensi pengaplikasian antioksidan 

daun S. siamea mampu menjadi nilai tambah kepada industri kosmetik atau 

pemprosesan makanan.     
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CHAPTER 1 

1 INTRODUCTION 

Antioxidants are more in demand for ready-to-eat food products to gain the purposes 

of long term storage, odor, color, and flavor preservations (Pokorny, 2007). Food 

products, especially those consisting of lipids frequently change due to the rancidity 

produced (Gordon, 2001). The oxidative rancidities such as odor and flavor spoilages 

created in food products not only affect the quality of food, but also cause the loss of 

some nutrients, such as vitamins and fatty acids (Velasco et al., 2010). Hence, 

researchers have become considerably interested in finding new natural antioxidants 

that are safe for customers and also have nutritional properties (Pokorny, 2007; 
Botterweck et al., 2000). In fact, many medicinal plants and herbs such as rosemary, 

oregano, and sage have been studied, and it has been found that they have high amount 

of polyphenols and potent antioxidant activities (Surveswaran et al., 2007) which can 

be applied in food products and others (Miliauskas et al., 2004).  

Senna siamea is widely used in Thailand as an anxiolytic drug and its fresh young 

leaves, fruits, and flowers have been used in curries and as vegetables in Thailand, 

Myanmar, and India for a long time (Otimenyin et al., 2010; Kiepe, 2001; Kaur et al., 

2006). S. siamea is an evergreen tree that is fast growing in the open and can reach up 

to 30 feet in height. The Senna leaves are yellowish green in color, are pinnate, and 

are made up of elliptic leaflets, while the flowers are yellow in color and blossom from 

spring to summer. The leaves have been used as a laxative in traditional medicine 

(Deachapunya et al., 2005). The whole plant has various medicinal functions. In 

addition, the leaves, stem and bark have various bioactive properties. The extract of 

the bark has been used to treat diabetes, the roots are used as antipyretic, and the leaves 

are for insomnia, hypertension, and constipation (Kaur et al., 2006). Pharmacological 

studies have reported that barakol possesses anxiolytic, hypotensive and sedative 

effects (Wongwitdecha et al., 2009). Chanwitheesuk et al. (2001) also studied 

antioxidants from Thai local vegetables and herbs. The results showed that they have 

strong antioxidants and the extract of total phenolic compounds show an important 

role of antioxidant substance.  

Traditional extraction methods have been used for a long time, but they have 

limitations. Modern solvent extraction methods, which are more effective, have been 

developed in recent years for the extraction of bioactive compounds from plants. 

Nowadays, ultrasound-assisted extraction has been used for extractions of valuable 

compounds such as proteins, essential oil, lipids, phenolic compounds, and 

antioxidants. Cravotto et al. (2004) found that ultrasound-assisted extraction can 

increase extraction kinetics and still improve the quality of extracts. Moreover, some 

reports showed that ultrasound-assisted extraction can increase the extracted yield of 

bioactive compounds (Vilkhu et al. 2008), increase the extraction rate, and decrease 

the extraction temperature to allow for the extraction of thermally unstable compounds 

(Vilkhu et al., 2008). Sun et al. (2011) have found that the yield of ethanol extract 

using the ultrasound-assisted extraction is more efficient than the traditional extraction 
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due to its exhaustive extraction and the heating effect of the ultrasound-assisted 

extraction. Similarly, Toma et al. (2001) found that ultrasound-assisted extraction 

considerably exhibits the highest antioxidant activity extraction and increases the 

potent antioxidant compounds’ recovery. Although the extraction of bioactive 

components from plants by ultrasound-assisted extraction is popular and some studies 

have reported on the extraction of antioxidants from S. siamea using conventional 

solvent extractions, not many studies have looked into its bioactive compounds and 

antioxidant activities (Koyama et al. 2000). Specific studies pertaining to the 

antioxidant potential of S. siamea leaf, on the other hand, are still scarce. In addition, 

investigations related to ultrasound-assisted extraction of bioactive compounds and 

antioxidant activities from S. siamea have not been found to be reported yet in present 

literature.  

Therefore, the main objectives of this study are to evaluate the antioxidant activity and 

identification of bioactive compounds of S. siamea (Lam.) leaf extract using solvent 

and ultrasound-assisted extractions. The specific objectives are:   

(1)  To determine the effects of different solvents and locations on the bioactive 

compounds and antioxidant activities of S. siamea leaf. 

(2)  To optimize the solvent and ultrasound-assisted extraction conditions for 

phenolic content and antioxidant activities from S. siamea leaf using 

response surface methodology.  

(3)  To identify the bioactive compounds in the most desirable extract from S. 

siamea leaf.  
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