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ABSTRACT

The objective of this study is to investigate the effects of ultrasound-assisted extraction
(UAE) conditions on the recovery of triterpenoids and antioxidant activity of C. orchioides
rhizomes using response surface methodology (RSM). The UAE parameters under study
included extraction temperature (30 - 60°C), ultrasonic power (150 - 350 W), and extraction time
(5-45 min). The quadratic response models were generated, and statistical analysis was
performed to validate the models. The results showed that the recovery of triterpenoids and
antioxidant activity (ABTS radical scavenging activity) were significantly affected by
temperature and time process (p<0.05). The optimal conditions for the recovery of triterpenoids
and ABTS were 44.90 min, 50.63 °C, and ultrasonic power of 322.50 W. Under these conditions,
the experimental results agreed with the predicted values. The UAE extraction technique was
found to be more efficient in the extraction of triterpenoids and antioxidant capacity in
comparison with the conventional extraction method (SE). Furthermore, GC-MS analysis of
optimized extract showed the presence of six components in the extracts which related to the
antioxidant activity. It could be suggested that the UAE method is a promising, efficient, and
green technology for the extraction of bioactive compounds from C. orchioides rhizomes.

Keywords: C. orchioides, triterpenoids, ultrasound-assisted extraction (UAE), response
surface methodology, GC-MS analysis.

1. INTRODUCTION

Curculigo orchioides Gaertn (C. orchioides) is a small genus in the family of
Hypoxidaceae. It is widely used as an important medicinal plant in East-Asian countries. The
rhizomes of C. orchioides are rich in triterpenoids, which have strong antioxidant properties
and antimicrobial activity [1-3]. Pharmacological studies showed that C. orchioides have been
used for the treatment of diseases like limb numbness, jaundice, asthma, and urinary [1, 4, 5].
They are also used as a potent immunomodulatory and aphrodisiac, estrogenic and sexual
behavior-modifying [6], and anti-depression [7].

The ultrasound-assisted extraction technigue is commonly used to extract bioactive compounds
from a wide range of materials, for example, apple [8], pomegranate flowers [9], Rosmarinus
officinalis, and Curcuma Zedoaria leaves [10]. The advantage of ultrasonic extraction is less
time-consuming, high extraction efficiency, and lower energy consumption [10, 11]. For UAE,
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various factors (i.e., the ultrasonic power, extraction temperature, ultrasonic irradiation time, and
solid-liquid ratios) affect the extraction efficiency and antioxidant activity of the extracts. It is
therefore important to optimize these process variables to achieve maximum yield of bioactive
compounds from C. orchioides and reduce the number of experimental trials. RSM also serves
as a visual aid to indicate the optimization region [11-13]. However, to the best of our
knowledge, there are no studies dealing with the application of the UAE process for extracting
triterpenoids from C. orchioides.

This study aims to: (a) optimize the UAE process parameters (temperature, ultrasonic power,
and time) to obtain high extraction efficiency of triterpenoids from C. orchioides rhizomes; b)
compare the extraction efficiency of the optimized UAE conditions and the soxhlet extraction
(SE) method; and (c) identify the bioactive compounds of C. orchioides rhizomes extracts
using gas chromatography-mass spectrometry (GC-MS).

2. MATERIALS AND METHODS

2.1. Materials

Curculigo orchioides Gaertn rhizomes were collected from Quang Ngai province,
Vietnam after eight months from planting. They were then washed with tap water and dried at
55°C for 5 hours to achieve 5-7% of moisture content. After that, the dried rhizomes were
milled to a fine powder. The fine powder was passed through a steel mesh sieve with a pore
size of 1 mm and placed in airtight plastic bags. The samples were stored at 4°C until used for
further analysis.

All chemicals used in this study were supplied by Merck (Darmstadt, Germany), and they
were analytical grade.

2.2. Ultrasound assisted extraction

In this study, ethanol was selected as the extraction solvent and ultrasound-assisted
extraction (UAE) was carried out using an ultrasonic generator (750 W, VCX750 Vibracell;
Sonic & Materials, Inc., Newtown, CT, USA). The samples (10 grams) were mixed with
100 mL of aqueous ethanol (70% ethanol concentration, 1:20 solid/liquid ratio) based on the
preliminary survey showing a suitable extraction condition. The extraction was performed
under three series.

First series: The ultrasonic power levels were adjusted to 150, 250, and 350 W. The
extraction temperature and extraction time were fixed at 45°C for 25 min.

Second series: The ultrasonic power level was selected as 250 W. The extraction
temperature was various: 30, 45, 60°C. The extraction time was fixed at 25 min.

Third series: The ultrasonic power level and time were fixed at 250 W and 25 min,
respectively. The extraction time was varied from 5 to 45 min.

At the end of the extraction, the extracts were filtered, and the solvent was evaporated
using vacuum evaporation. The extracts were stored at 4°C for further analysis.

2.3. Optimisation of UAE extraction conditions

RSM based on Box Behnken design was used to find the optimal extraction condition
using Design Expert software version 8.0.6.1. The three independent extraction parameters
included extraction temperature (Xi: 30 — 60 °C), ultrasonic power (X2: 150 — 350 W), and
extraction time (Xs: 5 — 45 min). The individual independent variables were coded as —1, 0,
and +1 (low, center, and high) (Table 1). The experimental design consisted of 17 runs,
including three center point replicates and two responses (Y1 and Y>) (Table 2).
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Table 1. Independent variables and their levels used in the response surface design

. Variables levels
Factor Code units
-1 0 +1
Extraction temperature (°C) X1 30 45 60
Sonication power (W) X2 150 250 350
Extraction time (min) X3 5 25 45

Table 2. Box Behnken design of experimental and predicted values for the recovery of triterpenoids
and antioxidant capacity of C. orchioides rhizomes extracted using UAE

Sonic- | Sonic .
Exp e-zrrzrtrtlﬁe ag\izgr -;trinoen \I/E):per@enrt;u \I;’aflel?elc(t\e((lj \I,E;iﬂgrwenﬁl Predicted value
No (>(<:1) p(le o ij‘f/é o )9 me gn?/g TElg) 9| (v, mg TE/Q)
w) min) '

1 45 150 45 120.8+1.65 126.8+1.1 45.01+0.59 45.64+1.51
2 45 250 25 159.4+1.31 160.1+1.33 79.53+1.65 80.58+1.05
3 45 350 5 119.9+2.01 123.4+2.24 43.67+1.73 45.13+1.02
4 45 250 25 150.1+1.15 153.3+1.19 68.0+1.65 67.91+1.09
5 60 250 45 129.9+1.09 132.9+1.23 52.98+0.93 53.01+1.01
6 45 250 25 159.0+0.89 159.5+0.81 68.09+1.52 66.19+1.07
7 30 250 45 120.9+1.21 123.9+1.11 45.15+1.56 49.05+0.99
8 45 350 45 148.0+1.45 149.241.55 59.06+0.56 60.16+1.06
9 45 250 25 150.5+1.50 153.1+1.54 69.01+1.85 69.31+1.01
10 30 250 5 100.7£1.55 106.5+1.31 38.02+2.05 39.23+1.55
11 30 150 25 89.0+0.98 91.0+0.99 36.46+1.85 37.49+0.95
12 60 250 5 129.8+0.99 130.3+1.09 54.15+1.48 55.41+0.98
13 60 350 25 121.441.13 124.4+1.32 47.15+1.52 49.19+1.02
14 45 150 5 129.8+1.41 134.3+1.14 54.98+1.55 55.01+1.03
15 60 150 25 114.9+1.19 115.441.12 40.99+1.59 41.02+0.99
16 30 350 25 119.8+1.38 123.3+1.39 42.78+1.04 43.48+1.14
17 45 250 25 155.6+0.95 159.5+0.99 68.99+1.52 69.12+1.02

The multiple regression equation was used to fit the quadratic polynomial

equation (Eg. 1) based on the experimental data:
Y = Bo + B1X1 + BoXo+B3Xs + P11 X7 + Bo2 X5 + B33X3 + P12 X1Xy + oz Xo X3 +
ﬁ13X1X3 (1)

where, Y is the predicted response for the recovery of triterpenoids, or ABTS radical
scavenging capacity; Xi, Xo, X3z are the independent variables, 3, is a constant, 5, S2, B3,
P11, B22, B33 and B12, Bo3, B3 represent the regression coefficients of the linear, quadratic,
and interaction effects respectively.

2.4. Conventional solvent extraction (SE)

Soxhlet extraction was used as the standard technique being also an ultrasound-assisted
extraction Murali and Kuttan (2016) [14]. The powdered C. orchioides was extracted with
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70% ethanol (v/v) in a Soxhlet apparatus for 24 hours. The extracts were centrifuged at
5500 rpm for 5 min, and the residual solvent was evaporated using a rotary evaporator (550
mbar, 2 hours). The solutions were collected and stored below 4°C for further analysis.

2.5. Determination of total triterpenoid content (TC)

The total triterpenoid content (TC) was determined by the colourimetric assay following
the procedure outlined in Tran et al. (2021) with some modifications [15]. Briefly, a 0.16ml
extract was mixed with 0.4 mL vanillin/glacial acetic acid (5% wi/v) in the test tube, and then
added 1.0 mL of perchloric acid solution. The mixture was incubated in a water bath at 60°C
for 30 min. The mixture was rapidly cooled and added 5.0 mL of glacial acetic acid. The
absorbance at 573 nm was measured using a UV spectrophotometer/NIR (Shimazu, UV-2600,
Japan). For triterpenoid analysis, ursolic acid (0.1-1.0 g/100 mL in methanol) was used as the
standard solution. The results were expressed in mg of ursolic acid equivalents per g of d.m.
All samples were analysed in triplicate.

2.6. ABTS radical scavenging assay

The ABTS assay was described according to Weremfo's method with some modifications
[16]. 7mM ABTS solution was mixed with 2.45 mM potassium persulfate and then incubated at
room temperature for 16 h. After that, the mixture (1 mL) was diluted by mixing with ethanol
(60 mL) to adjust the absorbance to 0.70+0.01 at 734 nm. The extract (1 mL) was allowed to react
with 1 mL of ABTS solution and stored in a dark place for 10 min. The absorbance of the mixture
was taken at a wavelength of 734 nm using a UV-Vis spectrophotometer (Jasco V630; Kyoto,
Japan). Trolox (TE) was used as a standard, and the results are expressed as mg TE/g d.m.

2.7. Gas chromatography—mass spectrometry (GC-MS) analysis

GC-MS analysis was conducted following the previous method with slight modifications [17].
The extracts were dissolved in ethanol and injected into an Agilent 7890A GC system
equipped with an MS (Agilent technologies). The separation of the samples was conducted on
a DB-5MS column (30 m length x 0.25 mm diameter x0.25 pm film thickness). The GC-MS
operating conditions were as follows: oven temperature increased from 50°C to 260°C at a
rate of 10°C/min and then hold isothermally for 10 min. The sample was injected in the
splitless mode with 2 puL, and helium, a carrier gas was at 1 mL/min. The mass spectrometer
was operated at 70 eV, and the total running time of the GC was 50 min. The compounds
identified by GC-MS analysis were compared with compounds in NIST library data.

2.8. Statistical analysis

The significance of the data was evaluated using analysis of variance (ANOVA) followed
by Tukey’s HSD (honest significant difference) test with oo = 0.05. Design Expert software
version 8.0.6.1 (Stat-Ease, Minneapolis) was employed for the regression analysis and
optimization. All experiments were performed in triplicate and presented as mean + SD
(standard deviation).

3. RESULTS AND DISCUSSION

3.1. Effects of extraction conditions on the recovery of triterpenoids and ABTS radical
scavenging activity

The influence of extraction conditions on the recovery of triterpenoids and antioxidant
acitvity of C. orchioides extract were presented in Fig 1. It can be seen that the recovery of
triterpenoids and antioxidant activity varied from 120.8 to 151.4 mg UA/g d.m, and 54.14 to
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79.93 mg TE/g d.m, respectively. Under UAE, given identical sonication time (25 min),
increased extraction temperature (30, 45, 60 °C) and ultrasonic power (150, 250, 350 W)
significantly increased the recovery of triterpenoids and their antioxidant activity in the
extracts (p<0.05). Specifically, when the ultrasound power increased from 150 W to 250 W,
the the recovery of triterpenoids and antioxidant activity increased from 120.8 to 151.4 mg
UA/g and 54.14 to 79.93 mg TE/g, respectively (Fig 1a). In Fig 1b, the extraction temperature
changed from 30 to 45°C, the triterpenoids and their antioxidant activity significantly
increased from 139.5 to 153.3 mg UA/g and 62.98 to 79.93 mg TE/g, respectively. The reason
was that an increase in ultrasonic power and temperature processes promoted cell membrane
breaking, thus enhancing the dissolution of bioactive compounds into the solvent. Similar
findings have been reported by Oludemi et al. (2018) for the extraction of bioactive compounds
from Ganoderma lucidum [18]. However, the contents of triterpenoids and antioxidant activity
values slightly decrease as ultrasonic power and temperature processes increased from 250 to
350W and 45 to 60°C, respectively. Phan et al. (2020) reported that the cell membrane may
break into small fragments under high temperature and ultrasonic power processes, which
leads to increase impurities being extracted, thus a decrease in the recovery of bioactive
compounds extracted [19]. Tran et al. (2021) reported that high temperature (over 60°C)
destroyed the triterpenoid molecular structure of the five rings, resulting in a low level of
triterpenoids and making these compounds less effective [15].
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Figure 1. Effects of ultrasound-assisted extraction conditions: (a) ultrasonic power; (b) extraction
temperature; and (c) sonication time on the recovery of triterpenoids and ABTS activity.

The results also noted that the duration of treatment affected triterpenoids in all treated
samples; 25 min resulted in extraction of higher triterpenoids and antioxidant activity
compared to 5 and 45 min at the same sonication power and extraction temperature (Fig 1c).
Therefore, the independent variables (temperature, ultrasonic power, and extraction time) have
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significant effects on the recovery of triterpenoids and the ABTS radical scavenging activities
of C. orchioides extract.

3.2. Model Fitting

In this study, the Box Behnken design under the RSM was used to study the interaction
among these parameters including extraction temperature (X1), sonication power (X), and
extraction time (Xs3) to optimize the recovery of triterpenoids and antioxidant activity (Y1 and
Y2). The adequacy and reliability of the regression model were presented in Table 3. This
study found that the respective values of R? and adj-R? and predict R for the recovery of
triterpenoids (0.98, 0.95, and 0.83, respectively) and ABTS (0.95, 0.88, and 0.70, respectively)
were close 1, which indicated good agreement between the experimental and predicted results
[19,20]. The high p-values of lack of fit tests proved that the models are generated well.
Furthermore, our results also showed that the regression model was highly significant with a
high F-value (35.47 and 14.40) and a small p-value (<0.01). Thus, the results showed that the
two RSM models were highly significant (p<0.05) for triterpenoids and ABTS radical
scavenging activity, and the response of each variable is explained as follows.

3.3. Optimization of extraction conditions

The individual, interactions, and quadratic effects of extraction temperature
(X1), sonication power (X2), and extraction time (X3) level on the recovery of triterpenoids
and ABTS are shown in Table 3. For the triterpenoids response (Y1), the individual parameters
including X1, X2, and X3 positively influenced Y1, and the most significant factor was
X1. The interaction of X2xX3 also had a positive influence on Y1. These results implied that
X1, X2, X3, and X2xX3 were effect by increasing Y1. However, the interaction effect of
X1xX3 on Y1 was insignificant (p>0.05) and thus eliminated. The final mathematical model
was expressed by the following equation:

Y1 =-286.59 + 12.56X; + 0.99X, + 0.86X3— 0.18X1? - 0.0018X,? - 0.02X32 — 0.004X1% X -
0.046X,xX3 (2)

For ABTS response (Y2), the linear terms of X, and X3 and interaction terms of X;xX;and
Xox Xz were insignificant (p>0.05), indicating that the linear terms of X, and Xs; and interaction
terms of X;xXzand XoxXsdid not affect .. Its mathematical model was described in Eqg. 3:

Y, =-172.06 + 6.85X; + 0.04X1xX3 — 0.08X:2 - 0.0013X,? - 0.018X57 (3)

Furthermore, the influences and their mutual interactions of three independent variables
(X1, X2, and Xs) on Y7 and Y2 can also be visualized on the generated 3D response surface
curves. As shown in Fig. 2, it can be seen that extraction temperature (X;) was the most
significant factor that affected Y1, while Y, depended on extraction temperature (Xi) and
extraction time (X3). The longer the extraction time, the better the ABTS scavenging activity
of the extract. Meanwhile, at high levels of the extraction time increasing extraction
temperature (50-60°C) resulted in the decrement of the triterpenoid content and ABTS value
(Figs. 2 a-b). A similar observation was reported by Tran et al. from Ganoderma lucidum [15].

The optimal results using Design Expert software indicated that the optimal conditions
recommended in the extraction process of C. orchioides rhizomes were temperature of
50.63 °C, sonication power of 322.50 W, and extraction time of 44.90 min. Under these
conditions, the contents of predicted triterpenoids (Y1) and the ABTS radical scavenging
activity (Y2) were 161.17mg UA/g d.m and 79.69 mg TE/g d.m, respectively. However,
considering the practical operability, the optimal extraction conditions are modified as
follows: extraction temperature of 51 °C, ultrasonic power of 323 W, and sonication time of
45 min. The experiments were then conducted under the modified optimal conditions, and the
results showed that the experimental values of triterpenoids and ABTS radical scavenging
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activity were 163.41 +1.27 mg UA/g d.m (n = 3), and 82.12+ 1.12 mg TE/g d.m (n = 3), which
were statistically close to predicted values at 95% confidence level, and consequently
confirming the validity of the predicted extraction models.
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Figure 2. 3D surface plot of the effects of extraction parameters: (a and d) extraction

temperature and ultrasonic power; (b and ) extraction temperature and extraction time;
(c and f) extraction time and ultrasonic powder on the recovery of triterpenoids and ABTS.
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Table 3. Analysis of variance for fitted quadratic model of extraction of the recovery of
triterpenoids and ABTS radical scavenging activity

Source Sum of df Mean F- p-value
Squares Square = value
The recovery of triterpenoids (Y1)
Model 6574.55 9 73051 35.47 < 0.0001 ' significant
X1 537.92 1 53792 26.12 0.0014
X 372.65 1 37265 18.09 0.0038
X3 194.05 1 194.05 9.42 0.0181
XXz 147.62 1 147.62 7.17 0.0317
X1X3 101.00 1 101.00 4,90 0.0624*
XoX3 344.10 1 344.10 16.71 0.0046
X2 2950.71 1 2950.71 143.27 < 0.0001
X2? 1241.66 1 1241.66 60.29 0.0001
X3? 277.79 1 277.79 13.49 0.0079
Residual 144.17 7 20.60
Lack of Fit 64.23 3 21.41 1.07 0.4554* | not significant
Pure Error 79.95 4 19.99
R2 0.97  Predicted R2 0.83
Adjusted R? 0.95
ABTS radical scavenging activity (Y2)
Model 2555.85 9 283.98 14.40 0.0010  significant
X1 134.97 1 13497 6.84 0.0346
X2 28.96 1 28.96 1.47 0.2650*
X3 16.19 1 16.19  0.8206 0.3951*
XXz 0.0064 1 0.0064 0.0003 0.9861*
X1 X3 17.22 1 160.78 8.15 0.0245
X2 X3 160.78 1 17.22 0.8730 0.3812*
X2 1076.82 1 1076.82 54.58 0.0002
X2 699.26 1 699.26 35.45 0.0006
X32 215.67 1 215.67 10.93 0.0130
Residual 138.09 7 19.73
Lack of Fit 40.25 3 1342 0.5484 0.6755* | not significant
Pure Error 97.85 4 24.46
R2 0.95 Predicted R? 0.70
Adjusted R2 0.88

* Statistically insignificant at p>0.05.

The extraction efficiency and antioxidant activities of UAE extract at the optimal
extraction conditions were compared with the SE method (Fig. 3). The results showed that the
triterpenoids content and ABTS of the extract obtained using UAE were nearly 2-fold higher
than that of SE (p<0.05). Compared with the SE method, the UAE method is less time-
consuming, thus reducing solvent usage. Therefore, UAE is considered a promising extraction
method for extracting triterpenoids from C. orchioides rhizomes.
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Figure 3. Comparison of the extraction efficiency of UAE with SE method.
3.4. GC-MS Analysis of phenolic compounds in C. orchioides extract

The bioactive compounds of C. orchioides rhizomes extracts were analyzed using the
GC-MS method. The results showed that 6 compounds (triterpenoids, phenolics, and aromatic
compounds) were screened under different retention times (RT) (Fig. 4, Table 4). The most
abundant compounds identified in the extracts were curculigosaponin G, and curculigosaponin
I, followed by curculigoside B while the least abundant compound was 13-Octadecenal. Our
results were comparable with the qualitative studies of Wang, Li, and Li (2021) and Niu et al.
(2020) [1,21]. These authors identified that curculigosaponin G, curculigosaponin I, and
curculigoside B are the most abundant bioactive compounds of C. orchioides. According to
some previous studies, curculigoside B and ethyl iso-allocholate exhibited antimicrobial,
antiosteoporotic, and control of human tumors [3,22]. In addition, curculigosaponin G and
curculigosaponin | also exhibited immunomodulatory effects, and antioxidant activities
[14,23,24]. This study found that the identified compounds could be responsible for the ABTS
radical scavenging activity of the extract obtained by the UAE method. However, some
unknown compounds were detected at a retention time of 11.45, 25.61, and 27.54 min,
respectively, this will require further analysis for characterization.

Table 4. Quantification of biochemical compounds of the C. orchioides rhizomes extract

Peak Compound RT [min] Formula Peak area (%) Chemical type

1 Curculigoside B 7.041 C21H24011 16.12 Phenolic glycosides

2 - 11.45 - 1.56 Unknow compound
3 13-Octadecenal 11.89 CisH340 14.34 Aromatic compound
4 Curculigosaponin G 12.87 C18H1806 18.64 Triterpene glycosides
5 Curculigosaponin H 16.14 C22H1402 14.45 Triterpene glycosides
6 Curculigosaponin | 19.79 Ca2Ha40; 17.54 Triterpene glycosides
7 Ethyl iso-allocholate 21.04 CasH26010 15.56 Phenolic glycosides
8 - 25.61 - 0.94 Unknow compound
9 - 27.54 - 0.85 Unknow compound
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Figure 4. GC-MS profile of the C. orchioides rhizomes extract
4, CONCLUSION

In this study, the RSM based on the Box-Behnken design was successfully used to study
the optimum extraction condition (temperature, ultrasonic power, and extraction time) for the
recovery of triterpenoids and ABTS of C. orchioides. The results showed that the optimized
extraction conditions included a temperature of 50.63°C, ultrasonic power of 322.50W, and
sonication time of 44.90 min. Under these optimal conditions, the experimental recovery of
triterpenoids and their antioxidant activity were 163.41+1.27 mg UA/g d.m (n = 3) and
82.12+ 1.12 mg TE/g d.m (n = 3), respectively, which was closely agreed with the predicted
values. The GC-MS analysis indicates that the extracts are composed of triterpene and
phenolic glycoside forms and have significant antioxidant activity. According to these
findings, UAE was found to be the best efficient technology in the exploitation of bioactive
compounds from C. orchioides rhizomes.
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TOM TAT

ANH HUONG CUA SONG SIEU AM BEN QUA TRINH THU NHAN TRITERPENOIDS
VA HOAT TiNH CHONG OXY HOA CUA RE SAM CAU C. orchioides

Phan Vin Man?, Bang Thi Cuong?, Pham Thi Hitu Hanh?, Tran Chi Hai®"
Truong Cao ding Kj thudt Céng nghé Ba Rja - Viing Tau

2Truong Pai hoc Ba Ria - Viing Tau

STruong Pai hoc Cong nghiép Thuc pham TP.HCM

*Email: haitc@hufi.edu.vn

Muc tiéu ciia nghién ciru nay 1a nghién cau anh huong cia su hd tro song siéu am dén
qua trich ly dé thu hoi triterpenoids va hoat tinh khang oxy hoa cua ré sam cau C. orchioides
st dung phuong phap bé mat dap tng (RSM). Nhiing théng sb ctia qua trinh trich ly ¢6 su hd
trg caa siéu am (UAE) trong nghién ctru da duoc khao sét gom nhiét do trich ly (30 - 60°C),
cong suat siéu &m (150 - 350 W), va thoi gian siéu am (5 - 45 phat). Md hinh bé mat bac hai
da duoc thiét 1ap va xir ly thong ké duoc sir dung dé danh gia mo hinh. Két qua cho thay hiéu
suat thu nhan triterpenoids va hoat tinh khang oxy hoa (kha nang bat goc tu do ABTS) bi anh
huong dang ké bai nhiét do va thoi gian (p<0.05). Diéu kién tdi vu cho qué trinh thu hdi
triterpenoids va ABTS la nhiét d6 50,63°C, cong suat 322,5W va thoi gian siéu am 44,9 phdt.
Tai diéu kién nay, két qua thuc nghiém tuong tu voi két qua dyu doan trén mé hinh. So voéi
phuong phép trich ly truyén théng thi phuong phap UAE cho gia tri ham luong triterpenoid
va ABTS cao hon. Khi phan tich GC-MS, dich chiét c6 6 hop chat c6 kha nang khang oxy
hoa. Piéu nay co thé cho thiy phuong phap UAE 1a mot phuong phap day hira hen, hiéu qua
va ky thuat xanh dé trich ly cac hop chat cé hoat tinh sinh hoc tir ré sam cau C. orchioides.

Turkhda: C. orchioides, triterpenoids, trich ly hd trg song siéu am (UAE), phurong phéap bé mat
dap ung, phén tich GC-MS.
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