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Extracts from lo-han-kuo (Siraitia grosvenorii) are of high sweetness and low calories, and they have been widely 
used as a natural sweetener to reduce the risk of obesity and diabetes. In the current study, lo-han-kuo extracts were 
extracted using subcritical water under different operation condition. The study revealed that the optimal extracting 
parameters were: extraction time of 20 min, extraction temperature of 140 °C, and the addition of 15% ethanol. 
Antioxidant activity, contents of total fl avonoids, and total phenolic compounds of lo-han-kuo extracts were also 
investigated. A mathematical model was established to describe the relationship between antioxidant capacity and 
content of bioactive components in lo-han-kuo extract, and it was found that antioxidant capacity of the extracts was 
mainly attributed to the yields of total mogrosides (P<0.05).
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Fruit of Siraitia grosvenorii, known as lo-han-kuo, are traditionally used for the treatment of 
pharyngitis or pharyngeus pain in China. The main functional components are triterpene 
glycosides (accounting for 3–4%), and mogroside V is the most important one. Both 
mogroside V and crude lo-han-kuo extracts have been approved as non-nutritive high-
intensity sweeteners and fl avour enhancers (XIA et. al., 2008). The mogrosides presented a 
strong antioxidant capacity as well (TAKASAKI et al., 2003; QI et al., 2008; PAN et al., 2009).

Lo-han-kuo extract was obtained mainly by solvent extraction with or without microwave 
and ultrasound assistance. These methods were time-consuming with low extraction 
effi ciency and not environmental friendly (TEO et al., 2010). Recently, subcritical water has 
been regarded as an excellent solvent for natural extracts, because subcritical water extraction 
(SWE) is more economical, effi cient, and clean. However, there was little information 
available on SWE of lo-han-kuo.

The objective of this study was to investigate the infl uence of SWE parameters on the 
yield of lo-han-kuo extract and mogroside V. In addition, antioxidant capacity of lo-han-kuo 
extract was evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) antiradical test. The 
contents of fl avones and phenolic compounds of lo-han-kuo extract were also measured.
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1. Materials and methods

1.1. Materials and chemicals

Dried medium size (48–51 mm diameter) of intact Siraitia grosvenorii fruit were grounded 
to pass a 0.42 mm sieve (mesh size 40) and collected for experiments.

DPPH (2,2-diphenyl-1-picrylhydrazyl), Folin-Ciocalteu reagent (2N), gallic acid, rutin 
(98% HPLC), and Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) were 
purchased from Sigma-Aldrich Chemical Co. Ltd (Shanghai, China). Mogroside V (95% 
purity) was purchased from Shanghai Tongtian Biotechnology Co., Ltd. (Shanghai, China). 
All the solvents for HPLC analysis were purchased from Merck (Darmstadt, Germany). 
Other chemicals were purchased from Beijing Chemical Co. (Beijing, China).

1.2. Subcritical water extraction

All the subcritical water extraction experiments were carried out following XU and co-
workers (2015). Aliquots (5 g) of raw material were extracted. When the extraction was 
fi nished, the extracts were collected, cooled, and centrifuged (4000 r.p.m., 10 min), the 
supernatant was stored at 4 °C for further use. During extraction, the temperatures were set 
at 80 to 200 °C, and extraction time was set for 5 to 40 min. The pressure was set at 4 MPa 
to keep the water in liquid state. The ratio of lo-han-kuo powder to water was 1:30. Different 
amounts of ethanol (15–55%) were also added to test its role as a co-solvent used in extraction 
(XIA et al., 2008; GAO et al., 2010).

1.3. Total phenolics and fl avonoids analysis

Total phenolics and fl avonoids in lo-han-kuo extracts were analysed by colorimetric method 
(XU et al., 2015), and the results were expressed as gram of gallic acid equivalents per gram 
of dry weight. For the analysis of total phenolics in lo-han-kuo SWE extracts, 0.5 ml of the 
extract dilute was mixed with 2.5 ml of Folin-Ciocalteu’s reagent (0.2 mol l–1). After 5 min, 
2.0 ml of sodium carbonate solution (7.5%, w/v) was added and blended. The mixture was 
incubated for 120 min at room temperature. The absorbance of the extract was measured at 
760 nm using a spectrophotometer (Shimadzu UV-1800, Tokyo, Japan).

When detecting total fl avonoid content, 4 ml of the extract dilute was mixed with 0.3 ml 
of NaNO3 (5%, w/v). After 5 min, 3.0 ml of aluminium chloride (1%, w/v) was added and left 
for reaction for 6 min, and then 2.0 ml of sodium hydroxide (1 mol l–1) was added. At last, 
water was added to the mixture to the volume of 10 ml and blended. Absorbance of mixtures 
was measured at 510 nm after 10 min of reaction.

1.4. Total mogrosides and mogroside V analysis

The total mogrosides in lo-han-kuo extracts was quantifi ed by vanillin–sulphuric acid method 
(ZHANG et al., 2006) and calculated from the calibration curve of mogroside V. Aliquots (0.5 
ml) of appropriately diluted sample, 10% vanillin solution in glacial acetic acid (0.5 ml) and 
75% (v/v) sulphuric acid solution (5 ml) were added into a stoppered test tube and shaken 
well to obtain a homogeneous solution. Then the mixture was heated in a water bath at 50 °C 
for 20 min and then cooled in a water-ice bath for 2–5 min. The absorbance of the coloured 
solution was measured at 610 nm.
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The quantifi cation of mogroside V was analysed on a HPLC system (1200 series, Agilent 
Technologies, Santa Clara, USA) with a Zorbax NH2 column (250 mm×4.6 mm i.d., 5 μm) 
via external standard calibration (LU et al., 2008). The mobile phase was a solution of 
acetonitrile (85%, v/v) at a fl ow rate of 1 ml min–1. The injection volume was 5 μl. Column 
temperature was 35 °C and the detection was performed at 210 nm. Mogroside V was 
identifi ed by direct comparison of its retention time with that of the authentic compound 
under identical conditions and by spiking the extract with the reference, and further confi rmed 
by MS analysis.

1.5. Antioxidative capacities analysis

DPPH radical scavenging test was carried out following the method described by XU and co-
workers (2015) and expressed in Trolox equivalent antioxidant capacity (TEAC). The stock 
solution of DPPH·(1.75×10–4 mol l–1) was freshly prepared by adding 2 mg DPPH in 50 ml 
methanol. DPPH solution (2.0 ml) and appropriately diluted sample (2.0 ml) were mixed at 
ambient temperature (ca. 21 °C). The reaction lasted for 60 min in dark and the absorbance 
was measured at 517 nm with a spectrophotometer. The result of the free radical scavenging 
capacity was expressed in milligram Trolox equivalent per gram of dry weight (mg g–1).

1.6. Statistical analysis

One-way analysis of variance (ANOVA) was used to assess statistical differences between 
extractions.

2. Results and discussion

In this study, the lo-han-kuo powder (moisture, 9.80±0.02%) was fi rst defatted by supercritical 
CO2 at 30.0 MPa, 55 °C with a fl ow rate of 15.0 l h–1 for 2 h. The yield of oil extract was 
6.64±0.05%. The biggest contribution of volatile compounds in the lo-han-kuo essential oil 
were 2,4-nonadienals based on GC-MS analysis (data not shown).

2.1. Effect of SWE parameters on the contents of mogrosides and mogroside V

The effect of extraction time on the recovery of mogrosides and mogroside V were shown in 
Figure 1A. The recovery of mogrosides got an equilibrium (P>0.05) over 20 min and reached 
a plateau (70.5%) in 30 min. The result was consistent with the fi ndings reported by XIA and 
co-workers (2008). However, the mogroside V content did not follow the same trend as that 
of mogrosides, and the maximum content of mogroside V was 17.94 mg g–1 at 10 min. Further 
decomposition or depredation of mogrosides may occur when the extraction was performed 
at 140 °C for more than 20 min. To get the highest mogrosides recovery and mogroside V 
content, the recommended extraction time is 20 min.
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Fig. 1. Effects of subcritical water extraction (SWE) parameters on the recoveries of mogrosides and mogroside V 
( : mogrosides; : mogroside V).

A: The effect of SWE time on the recoveries of mogrosides and mogroside V (temperature, 140 °C, solid-to-liquid 
ratio, 1:30, pressure, 4 MPa);

B: The effect of SWE temperature on the recoveries of mogrosides and mogroside V (solid-to-liquid ratio, 1:30, 
pressure, 4 MPa, time, 30 min);

C: The effect of ethanol concentration on the recoveries of mogrosides and mogroside V (temperature, 140 °C, 
solid-to-liquid ratio, 1:30, pressure, 4 MPa, time, 30 min)
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Temperature is another important factor affecting the extraction effi ciency. As shown in 
Figure 1B, the recovery of mogrosides increased up to 70.5% at 140 °C. However, the 
recovery of mogrosides decreased to 44.2% at 170 °C. When the extraction temperature was 
lower than 140 °C, the effects of the viscosity, surface tension, diffusion, and thermal 
desorption of subcritical water on the target compounds showed dominant roles on the yield 
of extraction (TEO et al., 2010; THOO et al., 2010). Over 140 °C, the strong burnt smell of 
extracts could be due to Maillard reactions and resulted in decreased yields of mogrosides. 
XIA and co-workers (2008) found that the total recovery of mogrosides decreased from 47.1 
to 39.5% when the temperature elevated from 150 to 180 °C. The recovery of mogroside V 
increased from 80 to 110 °C (up to 16.89 mg g–1, Figure 1B). However, the content of 
mogroside V decreased to 12.32 mg g–1 at 140 °C and almost nothing was detected at 200 °C. 
The increase of mogroside V content from 80 to 110 °C could be due to the positive effect of 
temperature on extraction (TEO et al., 2010). The decrease of extraction yield of mogroside V 
from 110 to 200 °C might be attributed to its thermal degradation.

The addition of co-solvents could change the physicochemical properties of solvents 
and improve the extraction effi ciency (GAO et al., 2010). Higher amount of glycyrrhizin (a 
natural sweetener from liquorice) could be obtained by SWE with added ammonia (0.01%, 
w/v) (MAMATA & PALASH, 2008; TEO et al., 2010). As shown in Figure 1C, addition 15% (v/v) 
of ethanol in the extraction solvent was preferred with a maximal yield of mogroside V.

2.2. Effect of SWE parameters on the contents of total phenolics and fl avonoids

Lo-han-kuo extract prepared by SWE in this study contained large amount of phenolics 
(17 mg g–1 to 43 mg g–1). As shown in Figure 2A, the recovery of total phenolics increased 
remarkably from 0 to 10 min, and did not change signifi cantly after 10 min of extraction 
(P>0.05).

The fl avonoids from Siraitia grosvenorii include mangosteen fl avin, ketone aglycone 
quercetin, and kaempferol-3,7-α-L-rhamnoside (CHEN et al., 2003), and range from 7 to 11
mg g–1 in this study (Figure 2A). There was an increase of fl avonoids during the fi rst 20 min 
(up to 11.90 mg g–1) and a plateau was reached after 20 min.

The effect of temperature on the contents of total phenolics and total fl avonoids is shown 
in Figure 2B. Both were signifi cantly different (P<0.05) at different temperatures. With the 
increase of extraction temperature (80–110 °C), the content of fl avonoids increased 
signifi cantly. At the temperature range of 110–170 °C, the content of fl avonoids remained 
unchanged. When the temperature was increased to >170 °C, less fl avonoids were obtained. 
At the temperature range of 80–110 °C, mass transfer and dissolution of fl avonoids were 
enhanced (KIM & MAZZA, 2006). When the temperature was set between 110–170 °C, the 
mass transfer was accelerated, and some fl avonoids might be degraded as a result of the high 
temperature trigged reactions. The plateau of fl avonoids concentrations might be a balance 
between the degradation and improved dissolution of fl avonoids in subcritical water. When 
the temperature was over 170 °C, the thermal degradation of fl avonoids increased. KIM and 
MAZZA (2006) reported that the lignin decomposed to free phenols at high temperatures. The 
content of total phenolics increased when the extraction temperature increased from 80 °C to 
140 °C, and then decreased when the temperature was >140 °C, which was similar to the 
report from KO and co-workers (2011). The reduction and epimerization of fl avanols could 
be the reason (KO et al., 2014).
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Fig. 2. Effects of subcritical water extraction (SWE) parameters on the contents of total phenolics and total 
fl avonoids ( : Total phenolics; : total fl avonoids).

A: The effect of SWE time on the recoveries of mogrosides and mogroside V (temperature, 140 °C, solid-to-liquid 
ratio, 1:30, pressure, 4 MPa);

B: The effect of SWE temperature on the recoveries of mogrosides and mogroside V (solid-to-liquid ratio, 1:30, 
pressure, 4 MPa, time, 30 min);

C: The effect of ethanol concentration on the recoveries of mogrosides and mogroside V (temperature, 140 °C, 
solid-to-liquid ratio, 1:30, pressure, 4 MPa, time, 30 min)
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As shown in Figure 2C, there was no signifi cant difference (P>0.05) among the 
concentrations of total phenolics and fl avonoids with the rise of ethanol concentration. To 
subcritical water modifi ed with ethanol, the dielectric constant data of solvents decreased 
with the increase of ethanol concentration, but the decrease was smaller at high temperatures 
than those at ambient temperature (CURREN & KING, 2001), and this could be the reason to 
little changes of total fl avonoids concentrations.

2.3. Antioxidant capacity evaluation of lo-han-kuo extract

Table 1 shows the antioxidant capacity of lo-han-kuo extract on scavenging DPPH radical. 
For samples without ethanol addition, the highest antioxidative extract was obtained at 
140 °C for 20 min. When the concentration of ethanol increased from 5% to 15%, the 
antioxidant capacity of extract increased from 8.55 mg g–1 to 10.21 mg g–1, and little change 
(P>0.05) was observed with more ethanol addition.

Table 1. Antioxidant capacity evaluation of lo-han-kuo extracts by SWE

Extraction time, 
(min)

Trolox 
equivalent 
(mg g–1)

Extraction 
temperature,

(°C) 

Trolox
equivalent
(mg g–1)

Extraction ethanol 
concentration

(%)

Trolox
equivalent
(mg g–1)

I

5 7.560±0.048a

II

80 6.477±0.201a

III

5 8.552±0.352a

10 8.288±0.046b 110 7.112±0.023b 15 10.21±1.034a

20 8.481±0.024b 140 8.116±0.006c 25 10.73±0.250b

30 8.117±0.006b 170 7.765±0.296c 35 10.96±0.217b

40 8.176±0.017b 200 6.220±0.036a 45 10.74±0.199b

I: Lo-han-kuo powder was extracted with subcritical water at 140 °C and 4 MPa with a solid-to-liquid ratio of 1:30; 
II: Lo-han-kuo powder was extracted with subcritical water at 4 MPa for 30 min with a solid-to-liquid ratio of 1:30; 
III: Lo-han-kuo powder was extracted with subcritical water at 140 °C, 4 MPa for 30 min with a solid-to-liquid ratio 
of 1:30. Values are expressed as means±S.D. (n=3); The numbers in each column of each factors (extraction time, 
extraction temperature, extraction ethanol concentration) marked with different superscript letters were signifi cantly 
(P<0.05) different.

The antioxidant capacity might be associated with bioactive compounds. Regression 
analyses between the antioxidant capacity and the recovery of mogrosides, the contents of 
mogroside V, total phenolics, and total fl avonoids were presented in Figure 3. The higher 
values of coeffi cients in fi tted equations indicated that the recovery of mogrosides had the 
greater infl uence on the antioxidant capacity of lo-han-kuo extract. The lowest linear 
relationship between the concentration of mogroside V and the antioxidant activity of lo-han-
kuo extract could be due to the decomposition of mogroside V in subcritical water as shown 
in Fig. 1A and Fig. 1B.
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Fig. 3. The relationship between the antioxidant capacity (X) and antioxidant concentration (Y) in lo-han-kuo 
extracts (Y1, Y2, Y3, Y4 are corresponding to the contents of mogrosides recovery, mogroside V, total phenolics, 

and total fl avonoids, respectively).

Table 2. Multiple linear regression statistics of the antioxidant capacity and contents of bioactive componentsa

Unstandardized coeffi cients Standardized 
coeffi cients

t Sig.

B Std. Error Beta

Constant 3.471 1.955 1.775 0.106

Mogrosides recovery (MR) 7.301 2.403 0.835 3.038 0.013

Mogroside V (MV) –0.079 0.064 –0.260 –1.236 0.245

Total phenolics (TP) 0.052 0.052 0.310 1.001 0.341

Total fl avonoids (TF) –0.059 0.284 –0.055 –0.208 0.840

a: The antioxidant activity of DPPH scavenging capacity was expressed as Trolox equivalent.
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Fig. 4. Probability-probability plot of lo-han-kuo extract DPPH scavenging capacity

Multiple linear regression of DPPH elimination capacity (Y) to mogrosides recovery, 
mogroside V, total phenolics, and fl avonoids was expressed in Table 2 and plotted in Figure 
4, the data were not all closely distributed on or near the comparison line. The reduction or 
epimerization reaction among constituents in the extracts could alter their distribution (KO et 
al., 2014). The DPPH elimination capacity of lo-han-kuo extract was strongly affected by 
mogrosides recovery (P<0.05) and was not signifi cantly affected by mogroside V, total 
phenolics, and fl avonoids (P>0.05). The relatively low content of mogroside V and the main 
antioxidant of 11-oxo-mogroside V in lo-han-kuo extracts could be the reason for no 
signifi cance (P>0.05) of mogroside V in regression analysis (TAKEO et al., 2002).

3. Conclusions

Subcritical water extraction can be used to extract functional compounds from lo-han-kuo 
fruit, and the recommended condition is at 140 °C for 20 min with 15% ethanol addition. 
Statistical analysis results suggest that the antioxidant capacity of lo-han-kuo extract is 
mainly attributed to mogrosides recovery.
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