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Abstract 

Salacia chinensis L., a common species in genus Salacia, is distributed in many Asian countries, 

such as China, Vietnam, India and Sri Lanka. For thousands of years, S. chinensis has been used 

for the prevention and treatment of various illnesses including arthritis, inflammation, diabetes, 

obesity and liver disorders. Studies have shown that S. chinensis has relatively high content of 

bioactive compounds, such as total phenolics and total flavonoids as well as strong antioxidant 

properties. Numerous individual compounds, isolated and identified from S. chinensis such as 

mangiferin, catechins, salacinol and kotalanol, have been linked with therapeutic potential against 

various diseases, such as diabetes and certain common types of cancers. However, the conditions 

for maximum recovery of bioactive compounds from this plant material have not been thoroughly 

assessed. In addition, encapsulation to stabilise the extract and make it more available and 

convenient for further applications has not been conducted previously. Therefore, overall aim of 

this study was to optimise the conditions for maximum extraction of bioactive compounds from S. 

chinensis and further encapsulation of its enriched extract to improve the stability. To achieve this 

overall aim, four specific objectives were addressed as follows: (1) to compare bioactive 

compounds in different parts of S. chinensis to determine the most suitable part for further 

extraction of bioactive compounds; (2) to study the impact of different solvents on extraction 

efficiency of bioactive compounds from S. chinensis to identify the most suitable solvent for further 

extraction; (3) to optimise conditions for maximum extraction of total bioactive compounds and 

mangiferin, the major bioactive compound from S. chinensis; and (4) to investigate the optimal 

encapsulation conditions for improving stability of S. chinensis enriched extract. 

The results are presented in six research articles through four chapters (chapter 3 to chapter 6). 

Firstly, we found that the root of S. chinensis had higher levels of phenolics, flavonoids, 
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proanthocyanidins and saponins as well as antioxidant capacity as compared to those of its stem 

and leaf (Chapter 3). Therefore, the root of S. chinensis was used in subsequent experiments for 

further extraction and isolation. The impact of different solvents on extraction efficiency of 

bioactive compounds from S. chinensis root was tested and the results (Chapter 4) revealed that 

solvents significantly affected extraction efficiency of bioactive compounds from S. chinensis root. 

Absolute organic solvents and water were found to be ineffective, but 50% ethanol and 50% 

acetone were effective for extraction of bioactive compounds and antioxidant capacity from S. 

chinensis root. Mixtures of ethanol or acetone with water were then applied for opimisation of 

ultrasound assisted extraction (UAE) conditions. Extraction efficiency of UAE was compared with 

continuous shaking extraction and decoction, which is known as the traditional method for 

preparation of extracts from S. chinensis. The optimal UAE conditions for maximum extraction of 

phenolic compounds, flavonoids, proanthocyanidins, and saponins with high antioxidant activities 

were an ethanol concentration of 50%, extraction time of 60 min, temperature of 50 ºC and 

ultrasonic power of 250 W; whereas, optimal UAE conditions for maximum extraction of 

mangiferin were 40% acetone, temperature of 50 ºC, 60 min extraction time, and 250W. In 

comparison with the two most common conventional extraction methods: decoction and 

continuously shaking extraction, UAE had comparable extraction yields of total bioactive 

compounds to continuously shaking extraction, but had significantly higher extraction yields than 

the decoction method. In addition, UAE could extract 3% and 57% more mangiferin in comparison 

with continuously shaking extraction and decoction, respectively (Chapter 5). UAE was then 

employed to prepare the enriched extract for further encapsulation. Encapsulating conditions such 

as maltodextrin to extract ratio, inlet spraying temperature, and feed rate were found to significantly 

affect recovery yields of powdered extract and its quality. The optimal conditions for encapsulation 



xx 
 

were maltodextrin to extract ratio of 20/100 (g/mL), inlet temperature of 130ºC and feed rate of 

30% (9 mL/min). In comparison with freeze drying, encapsulation using spray drying produced the 

powder with comparable contents of total phenolics and mangiferin as well as antioxidant 

properties (Chapter 6). As it is more cost effective than freeze drying, these conditions are 

recommended for preparation of S. chinensis extract enriched with bioactive compounds for further 

applications. 
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INTRODUCTION AND LITERATURE REVIEW  
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1.1. Introduction 

The genus Salacia belongs to the family of Celastraceae and comprises between 100 and 200 

individual plant species, which are typically characterised as woody shrubs with dichotomous 

branching or small trees (Paarakh, Patil, & Thanga, 2008; Ramakrishna, Shashank, G.K., Kiran, & 

Ravishankar, 2016). Salacia are shade–loving plants, growing vigorously in the lower forest 

canopy by either climbing on other trees or as a stand-alone plant up to 2 meters in height 

(Ramakrishna et al., 2016). Salacia leaves are simple, usually opposite, petioled, coriaceous 

structures being glabrous underneath and shiny on the upper face. Leaf shapes vary from ovate-

oblong, acuminate, elliptic-oblong, base acute to apex abruptly acuminate. Salacia flowers are 

small and bisexual in nature, occurring as clusters of 2 to 8 units per leaf axil. The flower colours 

are typically greenish white to greenish yellow, with entire calyx lobes and anthers dehiscing 

transversely. Salacia fruits occur as pinkish- orange globes when ripe. Each fruit contains 1 to 4 

seeds, which have an almond-like shape. The colour of root bark is golden or yellow depending on 

species (Paarakh et al., 2008; Ramakrishna et al., 2016) (Figure 1). 

 

Figure 1. Salacia chinensis: stem and leaf (A), root (B) and root cross-cut (C) (TVN, 2015) 
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S. chinensis is a common species in genus Salacia. The species is distributed in many Asian 

countries, such as China, Vietnam, Malaysia, Indonesia, India and Sri Lanka. For thousands of 

years, S. chinensis has been used for the treatment of various illnesses such as arthritis, leucorrhoea, 

inflammation, fever, skin diseases, menstrual disorders and spermatorrhoea. It has been also linked 

with prevention of diabetes, obesity and liver disorders (Jaykumar J. Chavan, Ghadage, Bhoite, & 

Umdale, 2015; Ramakrishna et al., 2016). For example, in Vietnam decoction of S. chinensis root 

has been traditionally used for treatment of rheumatism, back-pain and debility. The decoction is 

prepared by washing the root, followed by slicing into small pieces which are then air-dried. 

Decoction is then performed using the fresh dried preparation as required and can be used 

independently or in combination with other herbs to strengthen the efficacy (Vo, 1997). In Laos, 

decoction of the stem of S. chinensis is used for treatment of back pain (Delang, 2007). S. chinensis 

stems are also utilised in Thailand for anti-diabetic and laxative treatment (Muraoka, 2011; 

Ramakrishna, Shashank, Shinomol, Kiran, & Ravishankar, 2015). In both India and Sri Lanka, 

Salacia is powdered and packed in a filter bag for use as herbal tea for daily consumption and it is 

believed to improve the health of diabetics (Jayawardena, de Alwis, Hettigoda, & Fernando, 2005). 

More recently, in Japan, Korea, United States and India, powdered extracts from S. chinensis, S. 

reticulata, and S. oblonga have been marketed as food supplements to prevent and manage obesity 

and diabetes (Li, Huang, & Yamahara, 2008; Singh & Duggal, 2010). 

The popularity of S. chinensis in traditional medicine has led to significant research being 

undertaken to isolate and identify key bioactive constituents from different parts of this plant 

material. Root, root bark, stem, leaf and fruit pulp of S. chinensis have been used for the extraction 

of numerous phytochemicals in different categories, such as sesquiterpenoids, triterpenoids, 

xanthonoids, flavan-3-ols, and thiosugar sulfonium sulfate compounds (J. J. Chavan, Ghadage, 
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Kshirsagar, & Kudale, 2015; Kishi, Morikawa, Matsuda, & Yoshikawa, 2003; Morikawa, Kishi, 

Pongpiriyadacha, Matsuda, & Yoshikawa, 2003; Muraoka, 2011; Muraoka et al., 2010; Muraoka 

et al., 2008; Sellamuthu, Arulselvan, Muniappan, & Kandasamy, 2012; Tewari, Narayan Ayengar, 

& Rangaswami, 1974; Tran, Nguyen, Vu, & Tran, 2009, 2010; Yoshikawa et al., 2008). However, 

a procedure for maximising the extraction of total bioactive compounds with high antioxidant 

activities has not been reported. 

Mangiferin, a “super antioxidant”, anti-viral, anti-cancer, anti-diabetic, anti-aging, 

immunomodulatory, hepatoprotective and analgesic compound, has been reported as a major 

bioactive component of S. chinensis (Imran et al., 2017). To date, over 450 articles have been 

published on its occurrence, chemical nature, synthesis and medicinal properties over the last 50 

years (Asif et al., 2016; Saha, Sadhukhan, & Sil, 2016). Nevertheless, the conditions for extraction 

and isolation of this phytochemical have not been optimised.  

Generally, phytochemicals are susceptible to adverse environmental factors, including physical, 

chemical and biological conditions such as temperature, humidity and oxidation (Munin & 

Edwards-Levy, 2011; Papoutsis et al., 2018). Therefore, for commercial uses, they must be 

encapsulated to minimise their degradation. The conditions for encapsulation should also be 

optimised to improve the stability of the bioactive compounds for further utilisation and 

applications. 

1.2. Literature review 

The Salacia: Phytochemicals and Health Benefits (Review paper, Under Review) 

1.3. Research hypotheses and aims 

1.3.1. Hypotheses 
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This study hypothesizes that S. chinensis contains bioactive compounds which can be extracted 

effectively by suitable solvents and proper extraction techniques. Encapsulation conditions can be 

optimised to improve the stability of the bioactive compounds extracted from S. chinensis.  

1.3.2. Overall aim 

This study aimed to optimise the conditions for extraction of bioactive compounds from S. 

chinensis as well as encapsulation of its enriched extract for further applications. 

1.3.3. Specific aims 

Aim 1: To compare bioactive compounds in different parts of S. chinensis to determine the most 

suitable part for further extraction of bioactive compounds.  

Aim 2: To study the impact of different solvents on extraction efficiency of bioactive compounds 

from S. chinensis to identify the most suitable solvent for further extraction.  

Aim 3: To optimise conditions for maximum extraction of total bioactive compounds and 

mangiferin, the major bioactive compound, from S. chinensis. 

Aim 4: To investigate the optimal encapsulation conditions for improving stability of S. chinensis 

enriched extract.  
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MATERIALS, EXPERIMENTAL DESIGN AND METHODS 
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2.1.  Materials 

The root, stem and leaf of S. chinensis L. were collected from the forest in Nghe An province 

(Vietnam) in May 2015 and March 2016 and then authenticated by Associate Professor Vu Quang 

Nam, Department of Forest Plant Resources, College of Forestry Biotechnology, Vietnam National 

University of Forestry. The voucher specimen of this plant material can be found in the Herbarium 

of National Institute of Medicinal Materials, Ha Noi (SA 611/04). After collection, these materials 

were cut into small pieces and sun-dried for 2 days and then ground into small particles using a 

commercial cutter. The powders were then sieved using a steel mesh sieve (1.4 mm EFL 2000; 

Endecotts Ltd., London, England_ and stored at -20oC for further analysis. 

2.2. Experimental design 

The overall experiment design is shown in Figure 2 to achieve the specific aims of the research. 

 

Figure 2. Overall experiment design of the research 
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2.3. Methods 

2.3.1. Preparation of S. chinensis crude extract 

S. chinensis root, stem and leaf were extracted in acetone 50% by an ultrasonic bath (Soniclean 

220 V, 50 Hz, 250 W, Soniclean Pty Ltd., Thebarton, Australia). Firstly, 100 g of sample was added 

into 2 L of acetone 50% (sample-to-solvent ratio 5:100 (w/v)). The mixture was then put in the 

ultrasonic bath with preset conditions (the mixture was vortexed thoroughly once every 3-5 min). 

Next, the extract was immediately cooled on ice to room temperature and then filtered using filter 

paper (Whatman, 11 µm pore size). This crude extract was stored in dark containers at -20oC for 

further analysis.  

For powdered crude extract, the extract was condensed to the volume of 150 mL using a rotary 

evaporator (Buchi Rotavapor B-480, Buchi Australia, Noble Park, Victoria, Australia) and then 

freeze-dried to yield powdered crude extract. 

2.3.2. Determination of physical properties  

Extractable solids 

Extractable solids were determined according to the method described previously with a minor 

modification (Vuong, Golding, Nguyen, & Roach, 2012). 3 mL of the extract was put in a pottery 

tray and then placed in an oven set at 120 °C for drying over 5 hours to remove all moisture. 

Extractable solids (ES) were calculated by the following formula:  

𝐸𝐸𝐸𝐸 (%) = 𝑊𝑊 𝑥𝑥 100/3  

(W: Weight of 3mL of the extraction after drying, in grams). 

Solubility 
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The solubility of samples were determined by a method described by Şahin Nadeem, Torun, and 

Özdemir (2011). 1 g of sample was added to 100 mL of DI water at ambient temperature and the 

mixture was agitated with a magnetic stirrer at 600 rpm for 5 min. The solution was then 

centrifuged at 3000 rpm for 5 min. 20 mL of supernatant was transferred to a pre-weighed petri 

dish and dried in an oven at 70 oC for 24 h until constant weight. The percent solubility was 

calculated by weight difference and is expressed as dry basis, considering the moisture content of 

each sample. 

Bulk density 

Bulk density was determined by the tapping method described by Beristain, Garcı́a, and Vernon-

Carter (2001). 2 g of powder was loosely weighed into 10 mL graduate cylinder. The cylinder 

containing the powder was tapped on a flat surface to a constant volume. The final volume was 

recorded and bulk density was calculated by dividing the sample weight by the volume.  

Moisture content 

The moisture content of samples were determined by method described by Şahin Nadeem et al. 

(2011). 0.5 g of each sample was weighed in triplicate and dried in an oven at 70 ºC for 24 h until 

constant weight. The moisture content was calculated as g water loss x 100/ g of powder sample. 

Water activity 

The water activity (aw) was determined using a water activity meter (Decagon Devices, Inc., 

Pullman, WA) by the method described by Vuong et al. (2012) 

2.3.3. Determination of chemical properties 

Total phenolic content (TPC):  
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TPC was determined according to the method described by Vuong et al. (2013). Briefly, 2.5 mL of 

Folin – Ciocalteu 10% (v/v) reagent was mixed with 0.5 mL of 10x diluted sample. The solution 

was then added to 2mL of Na2CO3 7.5% (w/v), followed by thoroughly mixing and incubating in 

the dark at room temperature for 1 h. The absorbance at 765 nm was taken using a UV 

spectrophotometer (Varian Australia Pty. Ltd., Victoria, Australia). Gallic acid was used as the 

standard and the results are expressed as mg of gallic acid equivalents per g of sample dry weight 

(mg GAE/g DW).  

Total flavonoids content (TFC):  

TFC was determined as previously described by (Vuong et al., 2013). Briefly, 2 mL of deionized 

water was mixed with 0.15 mL of NaNO2 5% (w/v) and 0.5 mL of 5x diluted sample. The solution 

was mixed thoroughly and then left at room temperature for 6 min. Subsequently, 0.15 mL of AlCl3 

10% (w/v) was added and the solution was mixed well and allowed to stand for 6 min. Finally, 2 

mL of NaOH 4% (w/v) and 0.7 mL of DI water were added to get the final volume of 5.5 mL. The 

solution was then mixed thoroughly and allowed to stand for 15 min at room temperature. The 

absorbance at 510 nm was taken. Catechin was used as the standard and the results are expressed 

as mg of catechin equivalents per gram of sample dry weight (mg CE/g DW). 

Total proanthocyanidins content (TPrC):  

TPrC was measured as previously described by (Vuong et al., 2013). Briefly, 0.5 mL of 5x diluted 

sample was mixed with 3 mL of vanillin 4% and followed by adding 1.5 mL of HCl 37%. The 

solution was mixed and allowed to stand for 15 min. The absorbance was measured at 500 nm. 

Catechin was used as the standard and the results are expressed as mg of catechin equivalents per 

gram of sample dry weight (mg CE/g DW). 
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Total saponin content (TSC):  

TSC was determined as previously described by Vuong et al. (2013). Firstly, 0.5 mL of 5x diluted 

sample was mixed with 0.5 mL of vanillin 8%, followed by adding 5 mL of H2SO4 72%. The 

solution was mixed thoroughly and placed on ice to cool. The mixture was then incubated in a 

water bath at 60oC for 15 min. The mixture was cooled on ice for approximately 10 min and the 

absorbance was measured at 560 nm. Escin was used as the standard and the results are expressed 

as mg of escin equivalents per gram of sample dry weight (mg EE/g DW).  

2.3.4. Determination of antioxidant properties 

To obtain a greater understanding on the antioxidant properties of S. chinensis, four antioxidant 

assays were employed including the ABTS assay; the DPPH assay; the CUPRAC assay; and the 

FRAP assay. 

ABTS (2,2ʹ- azino-bis(3-ethylbenzthiazoline-6-sulphonic acid)) scavenging activity assay  

The ABTS assay described by Thaipong et al. (2006) was applied with some modifications. A 

stock solution was prepared by adding 10 mL of 7.4 mM ABTS solution to 10 mL of 2.6 mM 

K2S2O8, left at room temperature in the dark for 15 h, and then stored at -20oC until required. The 

working solution was freshly prepared by diluting 1 mL of stock solution with approximately 60 

mL of methanol to obtain an absorbance value of 1.1 ± 0.02 at 734 nm on the day of analysis. 2.85 

mL of the working solution was added to 0.15 mL of 10x diluted sample and left in the dark at 

room temperature for 2 h before its absorbance was read at 734 nm. Trolox was used as a standard 

and the results are expressed as mM trolox equivalents per gram of dry weight (mM TE/g dw). 

DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging activity assay  
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The DPPH assay introduced by Thaipong et al. (2006) was applied with some modifications. A 

stock solution was prepared by dissolving 24 mg DPPH in 100 mL methanol and stored at −20 °C 

until required. The working solution was prepared daily by mixing 10 mL stock solution with 

approximately 45 mL methanol to obtain an absorbance of 1.1±0.02 at 515 nm. 2.85 mL of working 

solution was added to 0.15 mL of diluted sample and then left under darkness at room temperature 

for 3 h before measuring the absorbance at 515 nm. Trolox was used as the standard and the results 

are expressed as mM of trolox equivalents per g of dry weight (mM TE/g dw). 

CUPRAC (Cupric reducing antioxidant capacity) assay  

The CUPRAC assay described by Apak et al. (2004) was employed with some modifications. 

Firstly, 1 mL of CuCl2 was mixed with 1 mL of neocuproine and 1 mL of NH4Ac and 1.1 mL of 

10x diluted sample. The sample was mixed well and incubated at room temperature for 1.5 h before 

measuring the absorbance at 450 nm. Trolox is used as the standard and the results are expressed 

as mM of trolox equivalents per g of sample (mM TE/g dw). 

FRAP (Ferric reducing antioxidant power) assay 

The FRAP assay as described by Thaipong et al. (2006) was employed with some modifications. 

A working FRAP solution was prepared by mixing acetate buffer 300 mM, Tripyridil-s-triazine 

(TPTZ) 10 mM (which was dissolved in HCl 40 mM) and FeCl3 20 mM in the ratio of 10:1:1 and 

mixed at 37oC in a water bath (Ratek Instruments Pty. Ltd., Victoria, Australia) before use. 2.85 

mL of the working FRAP solution was added to 0.15 mL of 10x diluted sample and incubated at 

room temperature in the dark for 30 min before its absorbance was read at 593 nm. Trolox was 

used as a standard and the results are expressed as mM trolox equivalents per gram of dry weight 

(mM TE/g dw). 
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2.3.5. HPLC analysis 

The crude extract of S. chinensis root were analysed using the Shimadzu HPLC system (M20, 

Shimadza Australia, Rydalmere, NSW, Australia) connected with a 250 mm x 4.6 mm Prodigy 5 

µm ODS3-100A reversed phase column (Phenomenex Australia Pty. Ltd., Lane Cove, NSW, 

Australia) maintained at 35 ºC. The mobile phase consisted of solvent systems A and B; solvent A 

was deionized water: acetonitrile: orthophosphoric acid in the ratio of 96.8: 3: 0.2 (v/v/v); solvent 

B was 100% acetonitrile. The detector was set at 254 nm. 

A linear gradient elution schedule was used as follows: 100% A from 1 to 10 min; 100% A to 90 

A from 10 to 15 min; remaining at 90% A to 25 min; 90% A to 85% A from 25 to 40 min; 85% A 

to 10 % A from 40 min to 42 min; 10% A to 0% A from 42 to 52 min, remaining at 0% A to 57 

min and then back to 100% A at 60 min with a post-run re-equilibration time of 15 min with 100% 

A before the next injection. 

For fractionation, an EC-C18 reversed-phase column (Agilent Technologies Pty Ltd) was used. 

The linear gradient elution schedule was modified as follow: 100% A from 0 to 3 min; 100% B 

from 3 to 6 min; 100% A to 0% A from 6 to 20 min; remained at 0% A to 25 min; and 100% A 

from 25 to 30 min before the next injection. The injection volume was 50 µL and the flow rate was 

1 mL/min. The column was maintained at 28oC. The detector was set at 254 nm. Based on the 

retention time, the major peak was fractionated using an auto fraction collector and then freeze 

dried to powder form. 

2.3.6. LC-MS analysis 

The fractionated compound was then identified using a Shimadzu LC/MS (LCMS 2020, Shimadzu) 

equipped with an electrospray ionization (ESI) interface. The mobile phase A was delivered at a 

flow rate of 0.2 mL/min. The injection volume was 10 µl. The mass spectrometer was operated at 
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negative mode with selected ion monitoring (SIM) and the parameters as follow: nebulizing gas 

flow 1.5 L/min, drying gas pressure 0.15 MPa, CDL temperature 250 ºC, block heater temperature 

200 ºC.  

2.3.7. Statistical analysis 

All analyses were performed at least in triplicate. Differences in means were considered statistically 

significant at p<0.05 and assessed using independent sample t-test and one way ANOVA with 

Duncan’s post hoc multiple comparisons and Tukey Honest Significant Difference tests. The RSM 

experiments were designed using JMP software (version 11, 12, 13 and 14).  
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CHAPTER 3.  

DETERMINATION OF THE SUITABLE PART OF S. CHINENSIS FOR 
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79 
 

3.1.  Introduction 

Different parts of S. chinensis including root, stem, leaf and fruit pulp have been studied previously. 

For example, Sellamuthu, Arulselvan, and Fakurazi (2014) isolated mangiferin from S. chinensis 

root and found that its anti-diabetic property is comparable to glibenclamide, the positive control 

drug. Tran et al. (2010) isolated three compounds from the ethyl acetate stem extract, seven 

compounds from the n-hexane stem extract and four compounds from the n-hexane leaf extract of 

S. chinensis. They further tested their anti-cancer property in vitro and found that three of the 

compounds from the stem and one from the leaf has activities against liver, lung, mouth and breast 

cancers. These studies revealed that composition or concentration of bioactive compounds could 

be varied in different parts of S. chinensis. However, none of the previous studies compared 

phytochemicals and antioxidant properties between different parts of S. chinensis. Therefore, the 

aim of this study was to analyse and compare phytochemical and antioxidant properties of the root, 

stem and leaf of S. chinensis for further extraction and isolation. 

3.2.  Results and Discussions 

The results and detailed discussions of this study were published in the following paper:  

Thanh Van Ngo, Christopher James Scarlett, Michael Christian Bowyer, and Quan Van Vuong 

(2017). Phytochemical and antioxidant properties from different parts of Salacia chinensis L. 

Journal of Biologically Active Products from Nature, 7(5), 401-410. 

http://dx.doi.org/10.1080/22311866.2017.1383186 

3.3.  Conclusions 

Different parts of S. chinensis had different levels of phytochemicals and various antioxidant 

properties. The S. chinensis root had the highest levels of phenolic compounds, flavonoids, 

proanthocyanidins and saponins; followed by the stem and the leaf. The root also had the higher 
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antioxidant capacity than the stem and the leaf. There were three major compounds in the root and 

the stem extracts; whereas, there were more compounds in the leaf, however in small quantities.  

From the results of this research, the root of S. chinensis was chosen as the plant material for all 

further steps. 
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CHAPTER 4.  

DETERMINATION OF A SUITABLE SOLVENT FOR EXTRACTION OF 

BIOACTIVE COMPOUNDS FROM S. CHINENSIS  
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4.1.  Introduction 

One of the most important factors affecting the extraction efficiency of bioactive compounds from 

plant materials, and their subsequent health benefits, is the extraction solvent.  Traditionally, S. 

chinensis has been brewed or decocted in water for use as a traditional medicine in some Asian 

countries, such as India, Sri Lanka and Vietnam (Jayawardena et al., 2005, Vo, 1997). As plant 

materials contain bioactive compounds with a wide ranges of polarities, previous studies have used 

methanol, petroleum ether, chloroform, ethanol, acetone and water as the solvents for extracting 

bioactive compounds from S. chinensis for further analysis (Periyar et al., 2014, Sikarwar and Patil, 

2012, Chavan et al., 2012). Although, extraction solvents have been extensively studied in other 

plant materials, such as macadamia skin waste (Dailey and Vuong, 2015), S. chinensis fruit pulp 

(Chavan et al., 2015b) and basil leaf (Złotek et al., 2016), none of the previous studies have 

compared the impact of different solvents on the extraction efficiency of bioactive compounds from 

the S. chinensis root. Therefore, this study aimed to determine the impact of different common 

solvents (water, absolute methanol, ethanol, acetone, 50% methanol, 50% ethanol and 50% 

acetone) on the extraction efficiency of bioactive compounds, as well as antioxidant capacity from 

the root of S. chinensis, in order to identify the most suitable solvent for further extraction and 

isolation of bioactive and antioxidant compounds from S. chinensis.  

4.2. Results and discussions 

The results and detailed discussions were published in the following Research paper: 

Thanh Van Ngo, Christopher James Scarlett, Michael Christian Bowyer, Phuong Duc Ngo, and 

Quan Van Vuong (2017). Impact of different extraction solvents on bioactive compounds and 

antioxidant capacity from the root of Salacia chinensis L. Journal of Food Quality, 2017, 1 – 8. 

https://doi.org/10.1155/2017/9305047 

https://doi.org/10.1155/2017/9305047
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4.3. Conclusions 

This study demonstrated that the extraction solvents play an important role in the extraction of 

important bioactive groups from S. chinensis. Absolute organic solvents, or water, were not 

effective, whereas 50% ethanol and 50% acetone were solvents of choice for yielding a high 

content of extractable solids, phenolic compounds as well as flavonoids.  
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5.1.  Introduction 

Numerous methods have been employed to extract bioactive compounds from plant materials. 

These methods can be categorised into conventional extraction methods, such as decoction, 

continuously shaking extraction (CSE), soxhlet and reflux; and more advanced methods, such as 

microwave – assisted extraction (MAE), ultrasonic – assisted extraction (UAE) and supercritical 

fluid extraction (SFE) (Handa et al. 2008; Azmir et al. 2013; Nayak et al. 2015). The advanced 

extraction methods are more rapid techniques in comparison with conventional methods (Nayak et 

al. 2015).  The root of S. chinensis has been extracted using infusion, decoction, soxhlet, CSE and 

MAE (Karunanayake and Sirimanne 1985; Jansakul et al. 2005; Tran et al. 2008, 2010; Chavan et 

al. 2012; Periyar et al. 2014; Chavan et al. 2015). UAE has also been applied to extract bioactive 

compounds from S. chinensis root (Ngo et al. 2017a; Ngo et al. 2017b); however, UAE conditions 

have to date, not been optimised for extraction of total bioactive compounds, such as phenolics, 

saponins and antioxidants from S. chinensis root.  

Mangiferin is considered as a “super antioxidant” and has attracted the interest of researchers 

around the world. Over 450 articles have been published on its occurrence, chemical nature, 

synthesis and medicinal properties over the last 50 years (Asif et al., 2016; Saha et al., 2016). It 

exhibits anti-viral, anti-cancer, anti-diabetic, anti-aging, immunomodulatory, hepatoprotective and 

analgesic properties (Imran et al., 2017). Mangiferin is a major bioactive compounds of S. chinensis 

root. However, optimal conditions for extraction of mangiferin from S. chinensis root have not 

been reported. 

The aims of this research were (1) to determine the optimal conditions for extraction of total 

bioactive compounds and their subsequent antioxidant activities, and (2) to identify the optimal 

conditions for extraction of mangiferin from S. chinensis L. root using UAE as an advanced 
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extraction technique. Effectiveness of UAE was then compared with two conventional extraction 

methods - decoction and CSE.   

5.2. Results and discussions 

Results and detailed discussions were presented in two Research Papers: 

Thanh V. Ngo, Christopher J. Scarlett, Michael C. Bowyer, and Quan V. Vuong (2019). Ultrasonic 

assisted extraction as an advanced technique for the extraction of bioactive compounds from 

Salacia chinensis root: A comparison with decoction and continuously shaking extraction. 

(submitted to Journal of Plant Biochemistry and Biotechnology).  

Thanh Van Ngo, Christopher James Scarlett, Michael Christian Bowyer, and Quan Van Vuong 

(2019). Isolation and maximisation of extraction of mangiferin from the root of Salacia chinensis 

L. Separations, 6(44), 1-10. 

5.3. Conclusions  

UAE effectively extracted phenolic compounds, flavonoids, proanthocyanidins, and saponins with 

high antioxidant activities from S. chinensis root. This technique was also effective for extraction 

of mangiferin from S. chinensis root. The optimal UAE conditions for extraction of total bioactive 

compounds were: 50% ethanol, 60 min, 50 ºC and 250 W. Optimal UAE conditions for extraction 

of mangiferin were a temperature of 50 ºC, acetone of 40%, extraction time of 60 min, and 

ultrasonic power of 250 W. In comparison with the two most common conventional extraction 

methods: decoction and CSE, UAE had comparable extraction yields of total bioactive compounds 

to CSE, but had significantly higher extraction yields than the decoction method. For extraction of 

mangiferin, UAE extracted 3% and 57% more mangiferin in comparison with CSE and decoction, 

respectively. 
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As only a short time is required, UAE is recommended for extraction of total bioactive compounds 

and mangiferin from S. chinensis root for further isolation and utilisation.  
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CHAPTER 6.  

OPTIMISATION OF CONDITIONS FOR ENCAPSULATION OF  

S. CHINENSIS ROOT EXTRACT 
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6.1. Introduction 

As mentioned in previous chapter, extracts prepared from S. chinensis root under optimal extraction 

conditions contains high levels of bioactive and antioxidant compounds, including mangiferin. 

Therefore, this extract has potential to be used as a functional ingredient. To be convenient in this 

application, the extract should be in powder form. However, phytochemicals within the powdered 

extract are generally susceptible to adverse environmental factors, including physical, chemical 

and biological conditions (Munin & Edwards-Levy, 2011; Papoutsis et al., 2018). In addition, the 

powdered extract is hygroscopic. Therefore, for commercial uses, it is necessary to encapsulate the 

extract to protect it from the degradation and moisture absorption. Furthermore, encapsulation 

increases water solubility and bioavailability, which enables easier consumption and administration 

(Munin & Edwards-Levy, 2011).  

There are different methods applied for encapsulation, in which spray-drying and freeze-drying are 

two common techniques (Ballesteros, Ramirez, Orrego, Teixeira, & Mussatto, 2017; Munin & 

Edwards-Levy, 2011). Spray-drying is the most widely used technique in food and pharmaceutical 

industries due to its rapidity, continuous operation, low cost and production of particles of high 

quality (Fang & Bhandari, 2010; Papoutsis et al., 2018). In spray-drying, inlet temperature, feed 

rate, coating agent nature and concentration are the key factors that influence the physical and 

chemical properties of the products (Patil, Chauhan, & Singh, 2014). Therefore, to get the best 

quality of the encapsulated powder, these parameters need to be optimised. Freeze-drying, another 

technique of encapsulation, is also a method of choice as the drying process is conducted under 

extra low temperature which helps to minimise the degradation of bioactive components 

(Ballesteros et al., 2017; Munin & Edwards-Levy, 2011). However, compared to spray drying, this 
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technique has a higher cost and is more time consuming, meaning it is most suitable for 

thermolabile and high-value end-products (Punathil & Basak, 2016). 

With this regards, this study aimed to optimise the conditions for encapsulation of S. chinensis root 

extract using a spray drier, and then compare the efficiency of spray drying under the optimised 

conditions with freeze-dried encapsulates. 

6.2. Results and discussions 

The results and detailed discussion were submitted in the form of a Research Paper to the peer 

reviewed journal Microencapsulation. 

6.3. Conclusions  

Spray drying is an effective technique for encapsulation of S. chinensis root extract. In the drying 

process, maltodextrin concentration, inlet temperature and feed rate significantly influenced the 

recovery yield, total phenolics, antioxidant activities as well as mangiferin content of the powder. 

The optimal conditions for spray drying of S. chinensis root extract was as follows: maltodextrin 

to extract ratio of 20/100 (g/mL), inlet temperature of 130ºC and feed rate of 9 mL/min. Spray 

drying not only produced the powder with comparable contents of total phenolics and mangiferin 

as well as antioxidant properties to freeze drying, but had lower moisture content, water activity, 

water solubility and bulk density. Therefore, spray drying is highly recommended for encapsulation 

of S. chinensis root crude extract. 
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CHAPTER 7.  

GENERAL CONCLUSIONS AND FUTURE PROSPECTS 
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7.1. Conclusions 

The overall aim of this project has been achieved. The root of S. chinensis had the highest levels 

of phenolic compounds, flavonoids, proanthocyanidins, saponins and antioxidant properties in 

comparison with other parts of S. chinensis. Extraction solvents played an important role in the 

extraction of bioactive compounds from S. chinensis. Among seven selected solvents, 50% ethanol 

and 50% acetone yielded the highest contents of phenolics, saponins as well as antioxidant 

properties. Although S. chinensis has been traditionally prepared by decoction technique, decoction 

was not as effective for extracting bioactive compounds including mangiferin, a major bioactive 

compound from S. chinensis as compared with continuously shaking extraction (CSE) technique. 

The CSE method had better extraction efficiency than decoction for total bioactive compounds and 

mangiferin. However, extraction efficiency using CSE was lower than ultrasound assisted 

extraction (UAE). UAE is more effective for extraction of total bioactive compounds and 

mangiferin with much less time required for extraction. However the optimal UAE conditions are 

different for total bioactive compounds and mangiferin. For maximum extraction of total bioactive 

compounds, the optimal UAE conditions are: 50% ethanol, 60 min, 50 ºC and 250 W; whereas, 

optimal UAE conditions for extraction of mangiferin are: acetone of 40%, temperature of 50 ºC, 

extraction time of 60 min, and ultrasonic power of 250 W. Extract prepared under optimal 

conditions for maximum extraction of total bioactive compounds was further encapsulated. This 

study found that spray drying is more cost effective for encapsulating of S. chinensis extract as 

compared to freeze drying. The optimal conditions for encapsulation are maltodextrin to extract 

ratio of 20/100 (g/mL), inlet temperature of 130 ºC and feed rate of 9 mL/min. These conditions 

are recommended for preparation of S. chinensis extract enriched with bioactive compounds for 

further applications. 
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7.2. Study limitations 

This study has successfully compared levels of bioactive compounds in different parts of S. 

chinensis, determined the most effective solvents, and established optimal conditions for extraction 

of bioactive compounds, including mangiferin from S. chinensis root. Additionally, this study has 

identified the optimum conditions for encapsulation of the enriched extract of S. chinensis.  

However, due to limited time during PhD candidature, the study has following limitations: 

1. The samples of S. chinensis (root, stem and leaf) have been collected from Nghe An province, 

Vietnam in May 2015 and March 2016. However, the impact of sample’s ages, collected locations 

and seasons on the contents of the bioactive compounds were not considered in this study. 

2. As mentioned previously in Literature Review, S. chinensis is an abundant source of 

phytochemicals including terpenoids, phenolics and thiosugar sulfonium sulfate compounds. 

However, in this study, only 01 compound (mangiferin) was identified and isolated from S. 

chinensis root. 

3. Although there are many encapsulating walls, such as gum Arabic, starch and chitosan, 

maltodextrin was the only coating material used for optimizing the conditions for encapsulation. 

7.3. Recommendations for future studies 

Based on the limitations of the study, the candidate would like to recommend for future studies as 

follows: 

1.  To test the impact of sample’s ages, collected locations and seasons on the contents of the 

bioactive compounds. 

2. To identify and isolate more bioactive compounds from different parts of S. chinensis. 
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3. To further test the individual or synergistic effects of the compounds on microbial activities 

and various health benefits as potential therapeutic agents. 

4. To test more conditions (encapsulating walls, other spray drying conditions) to establish 

optimal conditions for these individual or group of effective compounds for further applications. 

5. To apply these encapsulated extracts as functional ingredients in food or therapeutic agents in 

the pharmaceutical industry. 
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