
1 

 

 

Original Research Article 
 

 

The Effects of Extraction Conditions on Extraction Yield and Syringin Content 

in Producing Standardised Tinospora crispa Aqueous Extract with High 

Antioxidant Activity 

 
 

Abstract 
 
 

Tinospora crispa or known as Patawali was proven to have many beneficial effects and 

has great potential to be used in traditional medicinal, food supplement and 

pharmaceutical preparations. Nevertheless, so far the knowledge on its extraction 

procedures towards producing standardized extract of this plant is not well established. 

Hence, the objective of this study was to optimise the extraction conditions in achieving 

high extraction yield and syringin content and to produce standardised T. cripsa 

aqueous extract (STCAE) with high antioxidant properties. Experiments were carried 

out to determine the effects of various extraction conditions involving temperature (25- 

100°C), extraction time (0.5-6 hours) and liquid (water) to solid ratio (5:1-25:1 ml 

solvent per g dry stem). Under the optimised conditions, the extract was standardised 

based on syringin and was further investigated on its antioxidant activity through 

DPPH, FRAP and TBA bioassays. Results revealed that the optimum extraction 

conditions were found to be 1 h extraction time and 15:1 ml g−1 liquid-to-solid ratio. For 

the extraction temperature, 60 °C was found to be the best. STCAE was produced on 

the basis of the extract containing at least 0.4 wt% of syringin. STCAE was found to 

possess high antioxidant activities through DPPH, FRAP and TBA bioassays. 
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1.0 INTRODUCTION 
 
 
 
 
 

Tinospora crispa (L.) Hook. f. &Thomson, is a climber that can be found in 

primary rainforest of South East Asia including Malaysia, Indonesia, Thailand and 

Vietnam. This tropical liana (woody) with shiny green leaf has several local names 

including “Patawali” in Malaysia (Noor et al., 1989), “Andawali” in Indonesia (Koay and 

Amir, 2013), “Makabuhay” in Philippines (Quisumbing, 1951) and “Boraphet” in 

Thailand (Li et al., 2006). This plant has been traditionally used to reduce hypertension, 

glucose level in the blood, remedy for various ailments such as fever, asthma, intestinal 

worms, and skin infections (Najib et al., 1999; Zakaria et al., 2006; Kongkathip et al., 

2002; Noor and Ashcroft, 1989). 
 

 
The promising in traditional applications has led to the chemical and biological 

studies of this plant throughout modern research. Studies showed that the crude 

extracts and isolated compounds of T.crispa possessed a broad range of 

pharmacological activities such as cardioprotective, anti-diabetic, anti-inflammatory, 

antioxidant, immunomodulatory, cytotoxic and antimalarial activities (Ahmad et al., 

2016). Moreover, it was discovered that T. crispa possessed an anti- 

hypercholesterolemic activity and is beneficial in preventing the heart-related diseases 

(Zulkhairi, A., et al. 2009; Kamarazaman, I. S., et. al. 2012). However, it is noted that 

those above-mentioned studies do not indicate what active ingredient which 

responsible for the desired effects. Most pharmacological studies were based on crude 

extracts of the plant and the bioactive compounds responsible for the bioactivities have 

not been well identified. Further investigations are required to transform the experience 

based claims on the use of T .crispa in traditional medicine practices into evidence- 

based information. 

Most of traditional medicine products nowadays were prepared in the form of 

extract. The kinds of extract were dry extract, viscous extract, and liquid extract that 
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produced according to the active constituent and the dosage forms, such as capsule, 

tablet, liquid, pill, and etc (Harwoko and Nur Amalia, 2016). The extract should be 

standardized to ensure the quality and safety (Hariyati, 2005). One  of  the  important 

methods of standardization  of  herbal  products is  marker  based standardization. It 

helps in adjusting the herbal products to a defined content of a constituent/s which 

have therapeutic activity. It was reported that the chemical constituents isolated from 

stem parts of T. crispa contained diterpenoid glycosides including syringin, 

borapetoside A, borapetoside B, borapetoside C, borapetoside D, borapetol A and B, 

picroretine and tinotubride (Misak, 1995; Pramana et al., 2011; Ahmad et al., 2016), 

flavonoids including flavavone-O-glycosides (apigenin), and quaternary alkaloids 

including berberine, aporphines and palmatine (Umi Kalsom and Noor, 1995;  Bisset 

and Nwaiwu, 1984). 

In present study, only syringin was selected as standard marker because of its 

ability and importance. Syringin, has been reported to possess remarkable biological 

activities such as anti-hypertension (Rao et al., 2016), free radicals scavenging (Kim, 

N. Y, et al., 1999; Kim, H. C et al., 2005), anti-diabetic (Noor and Ashcroft, 1989) and 

anti-inflammatory activities (Kamarazaman et al., 2012). Due to its ability and effects 

to the abovementioned therapeutic claims, it is essential to use syringin as standard or 

referral marker in this study for the standardization and future product quality 

assessment purposes. 

Optimization can be referred as an improvement of performance of a system, 

process, or product to obtain the optimum benefit from it (Araujo et al., 1996). 

Optimization in analytical chemistry can be carried out using one variable-at-a-time 

method. This method is carried out by changing one parameter while other parameters 

are kept at constant level (Bezerra et al., 2008). Yield of extract material, concentration 

of referral markers and antioxidant activity were strongly dependent on extraction 

condition. Currently, the information on the optimum extraction of T. crispa is still 
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limited. Thus, this study will provide a good source of information for further up scaling 

purposes i.e., from bench scale to pilot plant level that can be benefited by the industry. 

Oxidative damage can lead to oxidation of cholesterol, the major known factors 

in the development of heart disease. Oxidation, meaning the addition of oxygen to low- 

density lipoproteins (LDL or “bad” cholesterol), contributes to the build-up of fatty 

plaque on artery walls (atherosclerosis), which can eventually slow or block blood flow 

to the heart. Oxidative damage may be prevented or limited by the intake of dietary 

antioxidants that exist in herbs and vegetables as vitamins, minerals and other various 

forms of phytochemicals e.g. carotenoids and polyphenol compounds including 

flavonoids  andflavonoids and anthocyanins  (anthocyanins (Cotelle,  1996;  Jantan  

et  al.,  2015).  Therefore,  theTherefore, the optimisation of T. crispa extraction 

procedure can be further verified via its antioxidant properties in order toto evaluate its 

effectiveness in defending body cells from oxidative stress and to provide important 

preliminary data for the use of its potential antioxidant properties for the future studies. 

 

 
 

2.0 OBJECTIVES 
 

 
 
 

This study was aimed to investigate the effect of extraction parameters on 

extraction yield, syringin content and antioxidant activity of standardised T. crispa 

aqueous extract. 

 

 
 

3.0 MATERIAL AND METHODS 
 

 
 
 

3.1 Collection of Raw Material 
 

 
 
 

About 10kg of fresh stem part of Tinospora crispa were collected from Forest 

Research Institute Malaysia (FRIM) at Kepong, Selangor. The plant was authenticated 

by FRIM botanist (Voucher number: SBID009/15). The stems were cleaned, washed, 
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cut and dried using an oven dryer with operating temperatures of about 55°C. The 

weight of the samples was monitored every day until constant weight was obtained. 

Subsequently, the dried stems of the plant are ground to a particle size of about 1 to 

about 4 mm by using a 20 hp pilot scale grinder. The ground stem sample is kept at 

room temperature in a sealed environment prior to the extraction process. 

 

 
 

3.2 Optimization of Extraction Parameter of T. crispa 
 

 
 
 

Optimization of the aqueous extraction process was carried out by evaluating 

the effects of different extraction parameters including ratio of solvent to solid, 

temperature and duration on the extraction yield and concentration of target compound 

of the extract. Yield was definedefined as total weight of extract produced per weight 

dried raw material used. Generally, higher yield is preferred as it means the extraction 

parameters used is the most cost effective.  Whereas syringin was selected as the 

referral marker due to its ability to reduce cholesterol. 

 
 
 
 
 

3.2.1 Effect of Solvent to Solid Ratio on Extraction Yield and Syringin Content 

of Tinospora crispa Aqueous Extract (TCAE). 

 

 
 
 

About 2 g dried T. crispa stem was placed into three 250ml round bottle flasks 

and labeled as 1, 2 and 3 which each number represents different ratio of solvent to 

solid (ml/g) as shown in Table 1: 
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Table 1: Different ratio of solvent to solid of extraction process 
 

 
No. Ratio Weight of sample & quantity of 

 
water required 

1 1:5 2 g T. crispa + 50ml *RO water 

 

2 
 

1:10 
 

2 g T. crispa + 100ml RO water 

 

3 
 

1:15 
 

2 g T. crispa + 150ml RO water 

 

4 
 

1:20 
 

2 g T. crispa + 200ml RO water 

 

5 
 

1:25 
 

2 g T. crispa + 250ml RO water 

*Reverse osmosis water 
 

 
 
 
 
 
 
 

The temperature used for this extraction process was 60ºC and the duration of 

extraction was at 6 hours based on the findings reported by Zulkhairi et al. (2008). The 

extraction was carried out using water bath (Memmert WNB 45 Germany). Hot water 
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bath was used to provide uniform heating during extraction. The extraction process 

werewas conducted triplicate. The extracted materials were filtered using filter paper 

(Whatman No. 1). The filtrates were then freeze-dried to remove water. The freeze- 

drying process was carried out using laboratory Freeze Dryer (85XL, Millrock, USA). 

The yield of Tinospora crispa aqueous extract (TCAE) was calculated using the 

following equation (Pin et al., 2010): 
 

 
 
 
 
 
 
 

Yield (Wt. %) = 

Wd 
 

X Rss X 100 
 

Ve 
 

 
 
 
 
 

Where, Wd is weight of the dried plant (g), Ve is volume of the aqueous extract used for 

freeze drying (ml) and Rss is soventsolvent to solid ratio (ml/g). Meanwhile, the 

syringin concentration of the extract was quantified using HPLC analysis. The 

concentrations 

for syringin yield were reported in Wt. % by using formula (Pin et al., 2010): 
 

 
 
 
 
 
 
 

Syringin yield (Wt. %) = 

Conc (mg/L) X Volumn (L) 
 

 
Weight (g) 

 
 

X 100 

 

 
 
 
 
 
 
 
 
 
 
 
 

3.2.2 Effect of Temperature on Extraction Yield and Syringin Content of TCAE. 
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Twenty grams of dried sample was placed into five 250ml round bottle flasks 

and labeled as 1, 2, 3, 4 and 5 where each number represents on room temperature 

(25ºC), 40, 60, 80 and 100ºC. Two hundred milliliters of RO water (1:10 gm/ml) were 

used for each flask and the duration of extraction was set at 6 hours. The temperature 

was monitored using thermometer until the targeted temperatures is obtained. The 

extraction was carried out  using  water  bath (Memmert WNB 45 Germany).  The 

extraction process  were conducted triplicate. The extracted materials were filtered 

using filter paper (Whatman No. 1) and freeze-dried to remove water. The yield of 

TCAE syringin content were calculated following the equations in section 3.2.1. 

 

 
 
 
 

3.2.3 Effect of Duration on Extraction Yield and Syringin Content of TCAE. 
 

 
 
 
 

Twenty grams of dried sample was weighted in seven 250ml round bottle flasks 

and labeled as 1, 2, 3, 4, 5, 6 and 7 with each number representing the duration of 

extraction at 30 minutes, 1, 2, 3, 4, 5 & 6 hours, respectively. The RO water was used 

as a solvent for extraction with ratio of solvent to solid at 1:10 (w/v) and the temperature 

was set at 60ºC. The extraction was carried out using water bath (Memmert WNB 45 

Germany). The extraction process werewas conducted triplicate. The extracted 

materials were filtered using filter paper (Whatman No. 1) and freeze-dried to remove 

water. The yield of TCAE syringin content were calculated following the equations in 

section 3.2.1. 

 

 
 
 
 
 
 
 
 
 
 
 

3.3 Determination of Syringin Content from TCAE Using HPLC 
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After the freeze-dry process, the TCAE (20 mg) was diluted with 1 ml of water 

and sonicated using a sonicator (Hwashin Power Sonic Model 405, Korea) for 10 

minutes. Then, the sample was filtered using a syringe filter (Whatman 0.45μm PVDF) 

prior to injection into the HPLC system. The HPLC system consists of Waters 600 

System Controller, Waters 2996 Ultraviolet (UV) detector and equipped with Waters 
 

717 Autosampler. Waters 2996 UV detector detects chemical compounds that pass 

through HPLC column and sends the data to the computer for analysis. Column oven 

was used to maintain the temperature of column during the analysis. A Symmetry 

Waters 5 30 μm C18 column with dimension 250 x 4.6 mm was used as the stationary 

phase. 

 

The   mobile phase was in gradient   mode   and comprised of 0.1% 

Orthophosphoric acid, H3PO4 and 100% HPLC grade acetonitrile. The mobile phase 

combinations were selected through optimisationoptimization for better separation of 

compounds and shorter time (35 minutes). The injection volume was 10 µl and flow 

rate was adjusted to 1.0 ml/min. Maximum number of peak presence was observed at 

wavelength 220 nm. Syringin was selected as the quality indicator for this research. 

This bioactive compound was reported to be important and mostly contributed to 

bioactivities as discussed in section 2.11.3.4. The presence of standard compounds’ 

syringin in TCAE was identified by comparison of their retention times and UV spectra 

with those of standard. The experiments were conducted in triplicate and the results 

are presented in ppm (mg/l). 

 

 
 
 
 
 
 
 
 
 
 
 

3.3.1 Quantification of Syringin Content 
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The standard stock solutions of syringin as the standard compound (100 μg/ml) 

was prepared by dissolving 1 mg of standard in 10 ml of methanol: water (70:30). These 

solutions were stored in dark glass bottles at 4 °C. Working standard solutions, which 

spanned a concentration range from 5 μg/mL to 200μg/ml for HPLC analysis were 

prepared. Quantification of syringin content of TCAE was based on the calibration 

curve obtained and was converted to the wt. % (w/w) following the equations in section 

3.2.1. 
 

 
 
 
 
 

3.3.2 Preparation of Standardised Tinospora Crispa Aqueous Extract (STCAE) 
 

 
 
 

Based on the yield and HPLC analysis, prototype of STCAE was produced 

using designated optimal extraction parameter obtained. The T. crispa aqueous extract 

(TCAE) was standardized on basis of standard compound, syringin. The production 

processes involve aqueous extraction, concentration and freeze drying. The 

concentration of liquid extract was performed below 60oC under vacuum. The 

concentrated liquid extract was freeze dried using laboratory Freeze Dryer (85XL, 

Millrock, USA) to produce powdered STCAE.  STCAE then was stored at -200C until 

used.  The quality of STCAE was verified further via its antioxidant activity. The 1,2- 

diphenyl- 2-picrylhydrazyl (DPPH) assay, Thiobarbituric acid (TBA) Test and Ferric 

Reducing Antioxidant Power (FRAP) assay were performed, in which Vitamin C and 

BHT acted as the standard. 

 

 
 
 
 
 
 
 
 

3.4 Determination of Antioxidant Activity of STCAE 
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3.4.1 DPPH Radical Scavenging 
 

 
 
 
 

StandardisedStandardized aqueous extract of Tinospora crispa obtained from 

the earlier optimized extraction process was further evaluated for its antioxidant 

activity on the basis ofbased on scavenging activity against a stable free radical 1,1- 

diphenyl-2-picrylhydrazyl (DPPH), as previously described (Yen & Hseih, 1998). The 

activity was compared against the standard antioxidants, namely, BHT and vitamin C. 

Briefly, for the control, 

1 ml of 0.45 mM DPPH was added to 0.5 ml absolute ethanol. As for the sample 

solution, 1 ml of 0.45 mM DPPH was added to 0.5 ml of the extract (5 ml/ml). The step 

was repeated by replacing the extract with BHT (5 mg/ml) and vitamin C (5 mg/ml). 

Each samples, were incubated for 30 min and following incubation, the absorbance 

was recorded at 517 nm. The percentage of inhibition which represents the scavenging 

activity of the sample against DPPH was calculated as per the following equation: 
 

 
 
 

 
Inhibition (%) = 

Absorbance of control – 
 

Absorbance 

 
X   100% of test sample 

 

 
 
 

Absorbance of control 
 
 
 
 
 
 

3.4.2 Thiobarbituric Acid Test (TBA) 
 

 
 
 
 
 

TBA values of STCAE was determined using the method of Ottolenghi (1959). 

One ml of sample from Ferric Thiocyanate method (FTC) was added to two ml of 

Thrichloroacetic acid (TCA) and two ml of Thiobarbituric acid (TBA). This mixture was 
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then placed in a boiling water bath at 100°C for 10 minutes. After cooling, it was then 

centrifuged at 3000 rpm for 20 minutes. The absorbance of the supernatant was 

measured spectrophotometrically at 532 nm and was quantified using the following 

formulation: 

 

Percentage of inhibition (%) = OD control - OD sample  X 100% 
 

OD control 
 

 
 
 
 

3.4.3 Ferric Reducing Antioxidant Power 
 

 
 
 
 

The ferric reducing ability of the STCAE was evaluated following the method 

described by Benzie & Strain (1996). The reagent was freshly prepared by mixing 10 

mM 2, 4, 6-tripyridyl triazine (TPTZ) and 20 mM ferric chloride in 0.25M acetate buffer 

(pH 3.6). Then, 100 μl of extract was added to 300 μl of distilled water, followed by 3 

ml of FRAP reagent. The absorbance was recorded at 593 nm spectrophotometrically 

after 4 min of incubation at room temperature. The reducing ability of the extracts was 

compared with BHT. The results are expressed as the concentration of antioxidants 

having ferric reducing ability equivalent to that of 1 mM FeSO4, expressed in milimolar 

per litre. 

 

 
 

3.5 Statistical Analysis 
 

 
 
 
 
 

All data were analyzed using the computer software Statistical Package for 
 

Social Sciences (SPSS)  version 20.0 and were expressed  as  mean  +  standard 
 

deviation. Comparisons of group means was done by one-way analysis of variance 

(ANOVA) with a probability less than .05 (p < 0.05) taken as indicative of significant 

difference. The mean value (x) and standard deviation (SD) were calculated for each 
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variable measured. Turkey’s pos hoc test was used for multiple group comparison. P 
 

< 0.05 is considered significant. 
 

 
 
 
 
 

4.0 RESULTS 
 

 
 
 
 
 

4.1 Optimization of Extraction Parameter of T. crispa 
 

 
 
 

4.1.1 Effect of Solid to Solvent Ratio on Extraction Yield and Concentration of 
 

Syringin 
 

 
 
 

Figure 1 shows the effect of solid to solvent ratio on the extraction yield of TCAE 

obtained. The result indicates that the extraction yield increased from 9.69% to 16.22% 

as the ratio of solid to solvent increased from 1:10 to 1:25 (g/ml). The highest yield was 

showed in ratio 1:25 (16.25  0.38%), followed by ratio 1:20 (16.10  0.23%) and ratio 

1:15 (15.86  0.55%), respectively. However, there was no significant change observed 

 
on the yield of the solid to solvent ratio among them. Meanwhile, the ratio of solid to 

solvent at the ratio 1:10 was found significantly lower (p<0.05) compared to the other 

groups (11.03  0.40%). 

 

Figure 2 shows the effect of solid to solvent ratio on the syringin concentration 

of TCAE. The result indicates that the syringin concentration increased from 0.44 

0.01% to 0.49  0.04 % as the ratio of solid to solvent increased from 1:10 to 1:25 

(g/ml). The highest syringin concentration was shown in ratio 1:25 (0.49  0.04%), 

followed by ratio 1:20 (0.47  0.02%), ratio 1:15 (0.46  0.01%) and ratio 1:10 (0.44 

0.01%), respectively. However, there was no significant change observed on the 
 

concentration of syringin between all ratios tested. 
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Results indicate the most suitable solvent to solid ratio and the most cost 

effective to obtain optimal extraction yield and syringin concentration of TCAE was at 

ratio 1:15 (g/ml). 
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Figure.1: Effect of different solid to solvent ratio (g/ml) on extraction yield of TCAE. Each value represents the mean ± 

SD. Bars with different alphabet are significantly different (p<0.05). 
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Figure 2: Effect of different solid to solvent ratio (g/ml) on syringin concentration of TCAE. Each value represents the 

mean ± SD. Bars with different alphabet are significantly different (p<0.05). 



 

 

4.1.2 Effects of Temperature on Extraction Yield and Concentration of Syringin 
 

 
 
 
 
 

Figure 3 shows the effect of different temperature on the yield of TCAE. The 

result showed that the extraction yield of TCAE was found to increase with the increase 

on extraction temperature. Result indicates the most suitable temperature for 

extraction of T. crispa was at 60ºC since there is no significant change on the yield of 

TCAE observed between temperature 60ºC (15.950.21%), 80ºC (15.870.29%) and 

100ºC (16.02  0.07%) respectively. The extraction yield of TCAE was significantly 

lower (p<0.05) at 40ºC (14.18  0.32%) followed by the yield at room temperature (7.98 

 0.63%) when compared to the other groups. 
 

 
Figure 4 shows the effect of different temperature on the concentration of 

syringin. The result showed that the concentration of syringin was found to increase 

from temperature 25 up to 60ºC and start to drop dramatically at temperature 80 and 

100ºC. Result indicates the most suitable temperature for extraction of T. crispa was 

at 60ºC since it’sit has produced significantly (p<0.05) the highest concentration of 

syringin compared to the other groups. The concentration of syringin at 25, 40, and 

60ºC were increased with 0.37, 0.38 and 0.45% dry wt respectively, and decrease 

to 0.18 and 

0.07% dry wt, at temperature 80 and 100ºC respectively 
 

Results indicate the most suitable temperature and the most cost effective to 

obtain optimal extraction yield and syringin concentration of TCAE was at 60 ºC. 
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Figure 3: Effect of varying temperature (ºC) on extraction yield of TCAE. Each value represents the mean ± SD. Bars with 

different alphabet are significantly different (p<0.05). 
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Figure 4: Effect of varying temperature (ºC) on the concentration of syringin. Each value represents the mean ± SD. 

Bars with different alphabet are significantly different (p<0.05). 



 

 

4.1.3 Effect  of  Extraction  Time  on  Extraction  Yield  and  Concentration  of 
 

Syringin 
 

 
 
 
 
 

Figure 5 shows the effects of different extraction time on the yield of TCAE. The 

result showed that there was no significant change in the extraction yield of TCAE after 

the first hour. This suggests the extraction process achieved equilibrium in about 1 

hour. The yields of TCAE obtained were found to be 11.100.08% (30 minutes), 

16.490.10% (1 hour), 16.330.0.29% (2 hours), 16.480.27% (3 hours), 17.020.14% 

(4 hours), 16.520.20% (5 hours) and 16.510.30% (6 hours), respectively. 

 

Figure 6 shows the effect of different temperature on the concentration of 

syringin. Result showed that the concentration of syringin was increased from 30 

minutes up to 1 hour of the extraction process and begins to show reduction after 1 

hour. The degradation could be resulted from the lengthy exposure to heat. 

Results indicate  theindicate the most  suitable extraction period  to  obtain  

the optimal extraction yield and syringin concentration of TCAE was at 1 hour. 
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Figure 5: Effect of different extraction time on extraction yield of TCAE. Each value represents the mean ± SD. Bars 

with different alphabet are significantly different (p<0.05). 
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Figure 6: Effect of varying extraction time on the concentration of syringin. Each value represents the mean ± SD. 

Bars with different alphabet are significantly different (p<0.05). 



 

 

4.2 HPLC profile of TCAE Containing Syringin 
 

 
 
 

Figure 7 shows the HPLC chromatogram of referral standard syringin while 

Figure 8 to 12 represent the HPLC chromatograms of TCAE containing syringin at the 

temperatures of 25°C, 40°C, 60°C, 80°C and 100°C. The reversed-phase HPLC 

chromatogram of aqueous extract of TCAE exhibited peaks of syringin corresponding 

to retention times at 16.22 ± 0.057 minutes. Syringin was determined by comparing the 

HPLC chromatograms of the extracts as well as by spiking the extracts with the syringin 

standard. 
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Figure 7: HPLC chromatogram of syringin standard compound. 
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Figure 8: HPLC chromatogram of TCAE containing syringin at 25°C 
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Figure 9: HPLC chromatogram of TCAE containing syringin at 40°C 
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Figure 10: HPLC chromatogram of TCAE containing syringin at 60°C 
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Figure 11: HPLC chromatogram of TCAE containing syringin at 80°C 
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Figure 12: HPLC chromatogram of TCAE containing syringin at 100°C 



 

 

4.2.1 Standardisation of TCAE 
 

 
 
 
 
 

The TCAE was standardisedstandardized on the basis ofbased on the marker 

compound syringin. The selection of syringin was based on its ability to reduce 

cholesterol (Chaosheng Li et al., 2011). The quantitative determination of marker 

compound by HPLC indicated that TCAE exhibited peaks of syringin corresponding to 

retention times at 16.22 ± 0.057 minutes. The calibration curve plotted for the standard 

solution of syringin over the concentration range of 20-1000 μg/mL showed a 

correlation coefficient (r2) of 0.98, as shown in Figure 13. From the calculation, it 

was found that STCAE is defined to 

contain at least 0.4 wt% of syringin of total extract. 
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Figure 13: Standard curve of Syringin. 
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4.3 Antioxidant Activity of STCAE in vitro 
 

 
 
 

T. crispa standardisedstandardized extract obtained from the optimized 

extraction parameter was evaluated on its antioxidant activity through DPPH, TBA 

and FRAP bioassays and the results were shown in Figure 14, 15 and 16. 

 

 
 

4.3.1 DPPH Radical Scavenging 
 

 
 
 

The DPPH assay was utilized to evaluate the ability of antioxidants to scavenge 

free  radicalsfree rad ica ls . The  scavengingThe sc av eng ing   activities  of  

STCAE,  vitamin  C  and  Butylated hydroxytoluene (BHT) against DPPH radicals 

were compared and shown in Figure 14. Results showed that STCAE exhibited high 

scavenging activity with the percentage of inhibition of 82.310.37%. 

HoweverHowever, result showed that the inhibition power of STCAE is significantly 

lower (p<0.05) when compared to vitamin C and BHT. Vitamin C exhibited the 

highest inhibition activity with 97.330.50% followed by BHT 95.98

0.41% respectively. 
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Figure 14: DPPH free radical scavenging of standardisedstandardized Tinospora crispa aqueous extract compared to 

vitamin C and butylated hdroxytoluene (BHT). Data expressed as mean ± SD. Bars with different alphabets are 

significantly different 

(p>0.05). 
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4.3.2 Thiobarbituric Acid Test (TBA) 
 

 
 
 

The percentage of inhibition of STCAE evaluated in TBA test is shown in Figure 
 

15. The result showed that, STCAE exhibited moderate lipid peroxidation inhibition 

activity with MDA value 50.460.25%. Result indicates that the percentage of inhibition 

of STCAE was significantly lower (p<0.05) when compared to vitamin C and Butylated 

hydroxytoluene (BHT). BHT exhibited the strongest antioxidant activity with MDA value 

77.41  0.34% followed by vitamin C with MDA value 72.74  0.25% respectively. 
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Figure 15: Thiobarbituric Acid Test (TBA) of standardisedstandardized Tinospora crispa aqueous extract compared to 

vitamin C and butylated hdroxytoluene (BHT). Data expressed as mean ± SD. Bars with different alphabets are 

significantly different 

(p>0.05). 
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4.3.3 Ferric Reducing Antioxidant Power 
 

 
 
 
 

The reducing ability of STCAE against the ferric ion which act as oxidant agent 

is shown in Figure 16. The results showed that, STCAE exhibited high antioxidant 

activity with FRAP value of 0.89+0.07 mmol/L. HoweverHowever, the FRAP value of 

STCAE is not comparable with both Butylated hydroxytoluene (BHT) and vitamin C 

which again 

exhibited the strongest antioxidant activity with the value of 1.28+0.02mmol/L and 
 

1.03+ 0.01mmol/L respectively. 
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Figure 16: Feric reducing antioxidant power (FRAP) assay of standardisedstandardized Tinospora crispa aqueous extract 

compared to vitamin C and butylated hdroxytoluene (BHT). Data expressed as mean ± SD. Bars with different alphabets 

are 

significantly different (p>0.05). 
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5.0 DISCUSSION 
 

 
 
 
 

Optimization of extraction process is essentially required to obtain the optimum 

concentration of phytochemical constituents and alsoand to maintain their activities (Aziz et 

al., 

2003). Optimization is also referred as an improvement of performance of a system, process 

or product to obtain the optimum benefit from it i.e.i.e., high yield of extraction (Araujo et al., 

1996). Higher extraction yield is preferred as the extraction parameters applied are the most 

cost effective and the most preferable by the industry players for further up scaling purposes. 

ThusThus, optimization of extraction process will contribute to the maximum quantity of 

products (high extraction yield) of highest quality (eg.e.g. activity) at the lowest possible cost. 

The aim of an extraction process should be to provide for the maximum yield of substances 

and of the highest quality which consist of high concentration of target compounds and 

therapeutic effect of the extracts (Spigno et al., 2007). 

There are two most commonly used in optimization studies, the classical single factor 

experiments and the response-surface methodology (RSM). The classical single factor 

experiments isare a one-factor-at-a-time approach, in which only one factor is varying at a 

time while all others are kept constant. Present study used the single-factor experiments, 

despite being having some drawbacks, such as time-consuming, expensive, possible 

interaction effects between variables cannot be evaluated and misleading conclusions may 

be drawn (Bas and Boyaci, 2007; Bezerra et al., 2008). However, single factor experiments 

are able tocan provide fundamental information on the ranges for significant extraction 

parameters on the extraction of targeted compounds from plant materials. 

The solvent quantity is among important factor to the yield of extraction (Virot et al., 
 
2010). Result from present study revealed that, the extraction yield of TCAE was found to 

increase with the increase in ratio of solvent to solid (Figure 1). These results were consistent 

with mass transfer principle where the driving force for mass transfer is considered to beis 

the concentration gradient between the solid and the solvent. A high solid-to-solvent ratio 
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promote an increasing concentration gradient, resulting in an increase of diffusion rate that 

allows greater extraction of solids by solvent (Al-Farsi and Chang, 2007; Tan et al., 2011). 

Results also indicated an obvious increase of extraction yields of syringin, when the 

solvent to solid ratio was proportionally increased from 10 to 25 ml/g, but there was no obvious 

change in the yields of syringin, as the ratio continued to increase. To avoid the wasting 

consumption of solvents, 15 ml/g was chosen as the optimum ratio of the solvent to solid. 

Moreover, ratio 15 ml/g also exhibited the highest syringin concentration compared to other 

ratios studied. Thus, it was found that ratio 1:15 g/ml was the most suitable solid to solvent 

ratio in obtaining high quality of T. crispa aqueous extract. 

Temperature plays an important role in the extraction of bioactive compounds from 

plant materials. Result revealed that, the most suitable temperature for obtaining high 

extraction yield and high concentration of syringin were at 60ºC. A similar finding was reported 

by  Mohd  Farhan  et  al.,  (2015)  who  discovered  60ºC was  the most  suitable  extraction 

temperature for obtaining high yield of Orthosiphon stamineus extract. Rao et al., (2015) 

demonstrated that, the optimum condition to obtain the highest yield of syringin from 9 

medicinal plants were at 30 minutes extraction time and 40ºC temperature. Similar finding was 

reported by Zhao et al., (2012), who mentioned the highest extraction yield of syringin 

extracted from the bark of Ilex rotunda could be achieved when using 50 °C as the yield 

gradually decreased when extraction temperatures increased up to 80 °C. 

Silva et al. (2007) reported that temperature was the most important parameter in 

extraction of Inga edulis leaves because higher temperature increased the solubility and 

diffusion coefficient of the solute, allowing higher yield and extraction rate. This principle is 

also applicable in the extraction of T. crispa. However, elevating the temperatures up to a 

certain level might be effectedaffected to the decomposition of antioxidants which were 

already mobilized at lower temperatures (Liyana-Pathirana and Shahidi, 2005). Other than 

that, denaturation of membranes and a possible degradation of polyphenolic compounds 

caused may happen and influence quantification of bioactive compounds (Abad-Garcia et 

al., 2007). 
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Moreover,  extractionMoreover, extraction  costs  are  expected  to  increase  with  

increasing  of  the  extraction temperature. 

Meanwhile, the result also suggested that, the most suitable extraction time and the 

most cost effective for obtaining high yield of TCAE was at 1 hour (Figure 3). Result obtained 

was dissimilar to previous finding by Zulkhairi et al., (2008) who found out that the optimum 

extraction time was at 6 hours. These phenomena could be explained by the Fick’s second 

law of diffusion, predicting that a final equilibrium between the solute concentrations in the 

solid matrix (plant matrix) and in the bulk solution (solvent) might be reached after a certain 

time, leading to deceleration in the extraction yield (Silva et al., 2007). Moreover, prolonged 

extraction time increases the chance of decomposition and oxidation of phenolics due to their 

long exposure to unfavourableunfavorable environmental factors like temperature, light and 

oxygen (Naczk and Shahidi, 2004). On the other hand, the increased extraction time is 

uneconomical and time consuming from the industrialisationindustrialization point of view. 

Beside extraction conditions, there are several factors that might affect the differences 

in percentage of secondary metabolite present in herbal plants. First, different geographical 

locations of the plant species as sampling locations of the plants were varied from island 

population, coastal populationpopulation, and hill forest population. This is supported by 

previous study conducted on Mentha spicatha by Ullah et al. (2012) confirms that variations in 

phytochemical content are related to geographical location. According to the report, the 

impact of different altitudes, moisture and temperature of different locations are the factors 

contributing to changes in secondary metabolites.  Another study by Dong  et al. (2011)  

on secondary metabolites content in the leaves extract of Eucommia ulmoides from different 

province showed that growing locations had significant impacts. 

The standardised T. crispa aqueos extract obtained from the optimisedoptimized 

extraction procedures was further evaluated for its antioxidant properties. The DPPH 

scavenging activity has been widely used to evaluate the antiradical activity of various 

samples (Tirzitis & Bartosz, 

2010; Piao et al., 2004). Antioxidants react with DPPH reducing a number of DPPH molecules 
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which equal to the number of their available hydroxyl groups (Sanchez et al., 1998). DPPH is 
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a stable radical with a maximum absorption at 517nm that can readily undergo scavenging by 

an antioxidants (Lu & Yeap, 2001). In the present study, the free radical scavenging ability of 

STCAE was assessed by the discoloration of a 1, 1 –diphenyl-2-picrylhydrazyl radical (DPPH) 

solution and was compared to vitamin C and BHT. 

Results from present study show that STCAE able to scavenge DPPH radical with the 

percentage of inhibition of 87.060.23%. The results are in accordance with the previous 

reports by Zulkhairi et al., (2008) who revealed that crude aqueous extract of T. crispa 

extracted at 60°C for 6 hours exhibited 85.95±0.52% of scavenging activity against DPPH 

radical. The reason for the slight differences might be due to the extraction periods used in 

preparing the extract. According to Albu et al., 2004, temperature and incubation periods are 

important factors involved in the extraction process in order toto produce a high antioxidant 

reading. This was supported by Aziz et al., (2003) who stated, optimization of extraction 

protocols are essentially required in order to enhance the concentration of biologically active 

constituents and to maintain their activities. 

Zulkifli et al., (2013) suggested, the high antioxidant activity of the stem extract of 

Tinospora crispa is most probably due to the presence of apigenin and magnoflorine as its 

possess hydroxyl group that donates the electron to reduce the DPPH radicals. This was 

supported by Rackova et al., (2004) who reported that magnoflorine isolated from Mahonia 

aquifolium showed high antiradical activity toward DPPH radical. Magnoflorine has also been 

shown to have high antioxidant activity in the root of Tinospora cordifolia (Rekha & Veena 

2011) and in the seed of Xanthoxylum piperitum (Hisatomi et al. 2000). Besides that, Kim, et 

al., (1999) reported that syringin isolated from F. rhynchophylla, exhibited a strong radical 

scavenging effect on 1,1-diphenyl-2-picrylhydrazyl (DPPH) and a potent inhibitory effect 

against nitric oxide (NO) synthesis, respectively. Syringin on the other hand has demonstrated 

the peroxyl radical scavenging capacity comparable to that of glutathione as reported by Kim, 

et al., (2010). Therefore, it is suggested in present study that the free radical scavenging effect 

of STCAE might possibly attributed by syringin as well. 
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Thiobarbituric acid (TBA) method is a colorimetric technique which is widely used for 

measuring the extent of lipid oxidation in the samples (Rhee, 1978). The peroxidation of 

polyunsaturated fatty acid (PUFA) will yield the lower molecular compounds such as 

malondialdehyde (MDA) (Ledwozyw et al., 1986). The result indicates that, STCAE exhibits 

significantly lower (p<0.05) antioxidant activity (50.460.25%) when compared to controls. 

Interestingly, antioxidant activity showed in this study was higher when compared to previous 

study done by Zulkhairi et al., (2008) who found that crude water T. crispa extract obtained 

from 60°C and 6 hours of extraction parameters exhibited 39.20±2.97% antioxidant activity. 

Naczk and Shahidi, (2004) reported that, prolonged extraction time increases the chance of 

decomposition and oxidation of phenolics due to their long exposure to 

unfavourableunfavorable environmental factors like temperature, light and oxygen. 

 

In the FRAP assay, antioxidant properties in plant extracts can be measured by looking 

at the reduction of ferric 2, 4, 6-tripyridyl-s-triazin complex (Fe3+-TPTZ) to the ferrous form 

(Fe2+-TPTZ). A blue colored FeII-tripyridyltriazine compound was formed from 

colourlesscolorless oxidised FeIII by the action of electron donating antioxidants in plant 

sample. FRAP assay can provide a quick information on total antioxidant potentials in cells, 

without having to run more lengthylengthier test. The FRAP is versatile and can be readily 

applied to both aqueous and organic extracts of different plants. This method is a simple, 

reproduciblereproducible, and inexpensive. From the result showed in Figure 16, the 

difference of FRAP value between STCAE with vitamin C and BHT were about 0.09 mmol/L 

and 0.35 mmol/L respectively. This result clearly showed that STCAE has high antioxidant 

property due to the small difference of FRAP value between STCAE and controls. According 

to David et al., (2007), antioxidant compounds in some herbs are likely to be heat labile. The 

processes of steaming, flakingflaking, and boiling of plants have been reported to decrease 

their biological compounds (Bryngelsson et al., 2002). Short extraction period and low 

extraction temperature conducted in present study might preserved the constituents of 

biological compounds thus contribute to a high antioxidant reading. 



45 

 

 

Standardization of herbal formulation is important in order toto maintain high quality 

products in the market based on the concentration of their active principles as well as In-vitro 

and In-vivo evaluation of their biological activities (Rasheed & Roja, 2012). Standardization 

minimizes batch to batch variation; assure safety, efficacy, qualityquality, and acceptability of 

the poly herbal formulations (Ahmad et al., 2006). The bioactive extract should be 

standardized on the basis ofbased on active principles or major compounds along with the 

chromatographic fingerprints by using Thin Layer chromatography (TLC), High Performance 

Thin Layer Chromatography (HPLC), very sensitive High Performance Thin Layer 

Chromatography (HPTLC) and Gas Chromatography (GC) (Rasheed & Roja, 2012).  HPLC 

analysis was performed in this present study in which HPLC fingerprint of TCAE showed the 

present of syringin. 

Syringin has been reported to possess a significant cholesterol-lowering effect in 

hyperlipidemia animal model. It has also been applied in the development of drug combination 

for treating cardiovascular and cerebrovascular diseases. Instead, syringin was reported to be 

safe and nontoxic and has strong pharmacological action and good drug effect. Thus, STCAE 

was produced with at least 0.40 wt. % of syringin from total extract. The results from this study 

can be used to formulate a new nutraceutical product utilizing STCAE in the form of capsule 

and tablet. 

 

 
 

6.0 CONCLUSION 
 

 
 
 

Based on the findings of this study, it was concluded that in order toto obtain high 

extraction yield and high syringin concentration of T. crispa extract, 60°C was selected as 

suitable temperature. The best extraction time was at 1 hour whereas the optimum ratio of 

solvent to solid was at 1:15 g/ml. The standardised T. crispa aqueous extract (STCAE) was 

produced containing at least 0.4 wt% of syringin. STCAE obtained was found to possess high 

antioxidant activities through DPPH, FRAP and TBA bioassays. The results obtained in this 

study suggested that T. crispa could be used as an easily accessible source of natural 



46 

 

 

antioxidants and can be utilized further as possible health supplement in pharmaceutical 

industry. 

 

 
 
 

 
 

8.0 REFERENCES 
 

 
 
 

Abad-Garcia, B., Berrueta, L. A., Marquez, D. M. L., Ferrer, I. C., Gallo, B., & Vicente, F. 

(2007). Optimization and validation of methodology based on solvent extraction and 

liquid chromatography for the simultaneous determination of several polyphenolic 

families in fruit juices. Journal of Chromatography A, 1154: 87-96. 

 

Ahmad, W., Jantan, I., & Bukhari, S.N.A. (2016). Tinospora crispa (L.) Hook.f. & Thomson: A 

review of its ethnobotanical, phytochemical, and pharmacological aspects. Frontiers in 

pharmacology, 7(59), 1-19. 

 

Albu, S., Joyce, E., Paniwnyk, L., Lorimer, J. P., Mason, T. J. (2004). Potential for the use of 

ultrasound in the extraction of antioxidants from Rosmarinus officinalis for the food 

and pharmaceutical industry. Ultrasonic Sonochem, 11: 261- 265. 

 

Al-Farsi, M.A. & Chang Y. L. (2007). Optimization of phenolics and dietary fibre extraction from 

date seeds. Food Chemistry, 108(3): 977-985. 

Comment [kNO20]: It should be section 7.0. 



47 

 

 

Araujo, A. L., Mota Soares, C. M., & Moreira De Freitas, M. J. (1996). Characterization of 

material parameters of composite plate specimens using optimization and 

experimental vibrational data. Composite part B: Engineering, 27, 185 – 191 

 

Aziz, R. A., Sarmidi, M. R., Kumaresan, S., (2003). Phytocehemical processing: the next 

emerging field in chemical engineering aspects and opportunities. J. Kejurut. Kim. 

Malay. 3, 45–60. 

 

Bas, D., & Boyaci, I. H. (2007). Modeling and optimization 1: Usability of response surface 

methodology. Journal of Food Engeenering, 78: 836-845. 

 

Bisset, B. C., & Nwaiwu, M. K. (1984). Quaternary alkaloids of Tinospora spp. Planta Med., 
 

48 (4), 275-279. 
 

 
Bezerra, M. A., Santelli, R. E., Oliveira, E. P., Villar, L. S., & Escaleira, L. A. (2008). 

 
Response surface methodology (RSM) as a tool for optimization in analytical 

chemistry. Talanta, 76, 965 – 977. 

 

Bryngelsson, S., Mannerstedt-Fogelfors, B., Kamal-Eldin, A., Anderson, R., Dimbergs, L. H. 

(2002). Lipids and antioxidant in groats and hulls of Swedish oats (Avena sativa L). J 

Sci Food Agric, 82: 606-614. 

 

Cotelle, N., Bernier, J. L., Pommery, J., Wallet, J. C. & Gaydou, E. M. (1996). Properties of of 

flavonoids. Free Radic Biol Med, 20(1): 35-43. 

 

David, G. S., George, E. I., Diejun, C., Atanu, B., Fred, J. E., Roque, L. E. (2007). Phenolic 

content and antioxidant capacity of supercritical carbon dioxide-treated and air- 

classified oat bran concentrate microwave-irradiated in water or ethanol at varying 

temperature. J Food Chem, 108: 23-30. 



48 

 

 

Dong, J., Ma, X., Wei, Q., Peng, S. & Zhang, S. (2011). Effects of growing location on the 

contents of secondary metabolites in the leaves of four selected superior clones of 

Eucommia ulmoides. Industrial Crops and Products, 34: 1607-1614. 

 

Hariyati, S. (2005). Standardization extracts of Indonesian medicinal plant, one of the 

important stages in the development of Indonesia traditional medicine. Info POM. 6 

(4), 1-5. 

 

Harwoko, & Choironi, N. A. (2016). Quality standardization of Brotowali (Tinospora crispa) 
 

stem extract. Trad Med J, 21: 6-11. 
 
 

Hisatomi, E., Matsui, M., Kobayahi, A. & Kubota, K. (2000). Antioxidative activity in the 

pericarp  and seed  of  Japanese  pepper  (Xanthoxylum  piperitum  DC).  Journal  of 

Agricultural and Food Chemistry 48: 4924-4928. 

 

Jantan, I., Mohd Yassin, M. S., Chin, C. B., Chen, L. L., & Sim, N. L. (2003) Antifungal activity 

of the essential oils of nine zingiberaceae species. Pharmaceutical Biology, 41:5, 392- 

397, DOI: 10.1076/phbi.41.5.392.15941. 
 
Kamarazaman, I.S., Amom, Z., & Ali, R.M. (2012a). Inhibitory properties of Tinospora crispa 

extracts on TNF-α induced inflammation on human umbilical vein endothelial cells 

(HUVECS). Int. J. Trop. Med. 7, 24–29. doi:10.3923/ijtmed.2012.24. 

 

Kim, N.Y., Pae, H.O., Ko, Y.S, Yoo, J.C., Choi, B.M., & Jun, C.D. (1999). In vitro inducible 

nitric oxide synthesis inhibitory active constituents from Fraxinus rhynchophylla. Planta 

Med., 65, 656-658. 

 

Kim, H.C., An, R.B., Jeong, G.S., Oh, S.H., Kim, Y.C. (2005). 1,1-Diphenyl-2- picrylhydrazyl 

radical scavenging compounds of Fraxini Cortex. Nat. Prod. Sci., 11, 150-154. 

 

Kim, S.J., Kwon, d.Y., Kim, Y.S., Kim, Y.C. (2010). Peroxyl radical scavenging capacity of 

extracts and isolated components from selected medicinal plants. Arch Pharm Res., 

33(6), 867-73. 



47 

 

 

Koay, Y. C., & Amir, F. (2013). A review of the secondary metabolites and biological 

activities of Tinospora crispa (Menispermaceae). Trop. J. Pharm. Res. 12, 641–649. 

doi:10.4314/tjpr.v12i4.30 

 

Kongkathip, N., Dhumma-upakorn, P., Kongkathip, B., Chawananoraset, K., Sangchomkaeo, 

P., Hatthakitpanichakul, S. (2002). Study on cardiac contractility of cycloeucalenol and 

cyloeucalenone isolated from Tinospora crispa. J. Ethnopharmacol., 83, 95-99. 

 
Ledwozyw A, Machalau J, Stepien A & Kadzialka A (1986). The relationship between plasma 

triglycerides, cholesterol, total lipids and lipid peroxidation products during human 

atherosclerosis. Clin Chim Acta 155: 275 – 284. 

 

Liyana-Pathirana, C. M. & Shahidi, F. (2005). Optimization of extraction of phenolic 

compounds from wheat using response surface methodology. Food Chemistry 93: 47– 

56. 
 
 
Li, S., Long, C., Liu, F., Lee, S., Guo, Q., Li, R. (2006). Herbs for medicinal baths among the 

traditional Yao communities of China. J. Ethnopharmacol. 108, 59–67. 

10.1016/j.jep.2006.04.014. 
 
 
Lu, Y. R., & Yeap, F. L. (2001). Antioxidant activities of polyphenols from sage (Salvia 

officinalis). J Food Chem 75: 197–202. 

 

 
 
 

Misak, N.Z. (1995). Adsorption isotherms in ion exchange reactions. Further treatments and 

remarks on the application of the Langmuir isotherm. Colloid. Surf. A: Physicochem. 

Eng. Asp, 97, 129-140. 

 
Mohd Farhan, A. R., Pin, K. Y., Zamree, M. S., Luqman Chuah, A., Nazira, M.(2015). 

 
Optimisation  of  solid  liquid  extraction  of  Orthosiphon  stamineus  leaves  using 

 
Response Surface Methodology technique. Pertanika J. Trop. Agric. Sci. 38 (2): 259 – 

 
270. 



48 

 

 

Naczk, M. & Shahidi, F. (2004). Extraction and analysis of phenolics in food. Journal of 
 

Chromatography A, 1054: 95-111. 
 
 
Najib, N. A. R., Furuta, T., Kojima, S., Takane, K., Ali, M. M. (1999). Antimalarial activity of 

extracts of Malaysian medicinal plants. J. Ethnopharmacol. 64, 249-254. 

 
Noor,  H.,  Ashcroft,  S.J.H.  (1989).  Antidiabetic  effects  of  Tinospora  crispa  in  rats.  J. 

 
Ethnopharmacol. 27, 149-161. 

 

 
Piao, X. L., Park, I. H., Baek, S. H., Kim, H. Y., Park, M. K., Park, J. H. (2004). Antioxidative 

activity of furanocoumarins isolated from Angelicae dahuricae.  J  Ethnopharmcol 93: 

243–246. 
 
 
Pin, K. Y., Chuah, T. G., Abdul Rashih, A., Law, C. L., Rasadah, M. A & Choong, T. S. Y. 

(2009). Drying of Betel Leaves (Piper betle L.): Quality and drying kinetics, drying 

technology, 27:1, 149-155, DOI: 10.1080/07373930802566077. 

 

Pramana, S., Mulvanyc, M.J., Allenbachd, Y., Marstond, A., Hostettmannd, K., Sirirugsab, P., 

et al. (2011). Effects of an n-butanol extract from the stem of Tinospora crispa on blood 

pressure and heart rate in anesthetized rats. Journal of Ethnopharmacology, 133, 675– 

686. 
 
 

Quisumbing, E. (1951). Medicinal Plants of the Philippines. Quezon: Katha Publishing Co Inc. 

Rackova, L., Majekova, M., Kostalova, D. & Stefek, M. (2004). Antiradical and antioxidant 

activities of alkaloids isolated from Mahonia aquifolium. Structural aspects. Bioorganic 

& Medicinal Chemistry 12(17): 4709-4715. 
 

 
 
 
 

Rao, U. S. M., Zin, T. and Sundaram, C. S. (2016). The effect of syringin on the expression of 

TNF-α, iNOS, ICAM-1 and its’ mRNA in the heart, brain and kidneys of spontaneously 

hypertensive rats, Der Pharmacia Lettre, 8 (3):53-61 

https://doi.org/10.1080/07373930802566077


49 

 

 

Rao, U. S. M., Zin, T., Abdurrazak, M., Ahmad, B. A. (2015). Chemistry and pharmacology of 

syringin, a novel bioglycoside: A review. Asian J Pharm Clin Res., 8, (3), 20-25. 

Rasheed, A., Roja, C. (2012). Formulation, standardization and pharmacological evaluation 

of a poly herbal traditional remedy- Ashwagandharishtam. Oriental Pharmacy and 

Experimental medicine, 51-58. 

 

Rekha, G. & Veena, S. (2011). Ameliorative effects of Tinospora cordifolia root extract on 

histopathological and biochemical changes induced by Aflatoxin-B
1 

in mice kidney. 

Toxicology International, 18(2): 94-98. 

 
Rhee, K. S. (1978). Minimization of further lipid peroxidation in the distillation 2-thiobarbituric 

acid test of fish and meat. Journal of Food Sciences, 43, 1776-1778. 

 
Sanchez, M., Larrauri, J. A., & Saura-Calixto, F. (1998). A procedure to measure the 

antiradical efficiency of polyphenols. Journal of the Science of the Food and 

Agriculture. 76, 270-276. 

 
Silva, E. M., Souza, J. N. S., Rogez, H., Rees, J. F. and Larondelle, Y. (2007). Antioxidant 

activities and polyphenolic contents of fifteen selected plant species from the 

Amazonian region. Food Chemistry, 101: 1012-1018. 

 

Spigno, G., De, & F. D. M., (2009). Microwave -assisted extraction of tea phenols: a 

phenomenological study. J. Food Eng. 93, 210–217. 

 

Tan, P. W., Tan, C. P. and Ho, C. W. (2011). Antioxidant properties: Effect of solid-to-solvent 

ratio on antioxidant compounds and capacities of Pegaga (Centella asiatica). 

International Food Research Journal 18: 553-558. 

 

Tirzitis, G., & Bartosz, G. (2010). Determination of antiradical and antioxidant activity:  basic 

principles and new insights. Acta Biochimica Polonica, 57, 139–142. 

https://www.bing.com/search?q=Acta+Biochimica+Polonica&filters=ufn%3a%22Acta+Biochimica+Polonica%22+sid%3a%22c8ae8e4f-aa06-3b4b-4bea-c315292cb2a0%22


50 

 

 

Ullah, N., Khurram, M., Amin, M. U., Khan, T. A., Khayyam, S. U., Khan, F. A., et al. (2012). 
 

Impact of geographical locations on Mentha spicataantibacterial activities. Journal of 
 

Medicinal Plants Research Vol. 6(7), 1201-1206, 
 

 
Umi Kalsom, Y., Noor, H. (1995). Flavone O glycosides from Tinospora crispa. Fitoterapia, 66 

(3), 280. 

 
Virot, M., Tomao, V., Le Bourvellec, C., Renard, C. M., Chemat, F., Ultrason Sonochem., 

(2010). 17, 1066-107. 

Zakaria, Z.A., Mat Jais, A.M., Somchit, M.N., Sulaiman, M.R., Faizal, F.O. (2006). The in vitro 
 

antibacterial activity of Tinospora crispa extracts. J. Biol. Sci., 6 (2), 398-401. 
 

 
Zhao, L. C., He, Y., Deng, X., Xia, X. H., Liang, J., Yang, G. L., et al. (2012). Ultrasound- 

Assisted Extraction of Syringin from the Bark of Ilex rotunda Thumb Using Response 

Surface Methodology. Int. J. Mol. Sci., 13(6), 7607-7616; doi:10.3390/ijms13067607 

 

Zulkhairi, A., Abdah, M. A., Kamal, N. H. M, Nursakinah, I, Moklas, M. A. M, Hasnah, B., et al. 

(2008). Biological Properties of Tinospora crispa (Akar Patawali) and its 

antiproliferative activities on selected human cancer cell lines.  Mal. J. Nutr., 14, 173- 

187. 
 
 
Zulkhairi, A., Hasnah, B., Sakinah, I., Nur Amalina, I., Zamree, M.S., Mohd Shahidan, A. 

(2009). Nutritional composition, antioxidant ability and flavonoid content of Tinospora 

crispa stem. Adv. Nat. Appl. Sci. 3, 88–94. 

 

Zulkefli, H. N., Mohamad, J., and Abidin, N. Z. (2013).Antioxidant activity of methanol extract 

of Tinospora crispa and Tabernaemontana corymbosa. Sains Malays. 42,697–706. 

http://dx.doi.org/10.3390/ijms13067607

