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In this study, the effects of supercritical CO2 extraction and macroporous adsorben t resin on separation and
purifi ation of a pigenin were compare d. A better separation and purification macroporous adsorbent resin
was s elected acco rding to static adsorpti on and deso rption results. Silica ge | column chromatogr aphy
and LSA-10 macroporous a dsorbent re sin performed better in the separa tion and purification procedure.
The purity of apigenin could reach 92.8% after separation and purifica tion. The optimal su percritical CO2
extraction conditions of apigenin from Viola yedoensis makino are solid to liquid ratio : 5:3, extraction
pressure: 20 MPa, extraction temperature: 55°C, e xtraction time: 2 h, separation vessel tem perature: 55°C,
pressu re: 9 Mpa, extraction vessel tem perature: 4 0°C and pressure: 5 MPa. Sup ercritical CO2 extraction
had a grea t effect on t he separatio n and purif ication of apigenin f rom V. yedoensis mak ino; the p
urity could reach 97.6%. Assaying apigenin by high performanc e liquid chromatograp hy (HPLC) s
howed that the sampl e volume and peak ar ea of the response have a good linear relati onship, r =0
.9996, betw een 1.58 to 15.80. The results indicated that the proced ure of separation and purification of

apigenin from V. yedoensis by supercritical CO2 extraction, which is better than that of macroporous
adsorbent resin, is suitable f or the separation and purification of high purity apigenin.
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INT RODUCTIO N

Viola yedoensis makino, also known a s Porella Vio la,
Corydalis dish es, Lepidium Tiger, Purple Corydalis,
Ory chophragmus, and Brachybotrys, b elongs to the
violaceae family, which consists of rosette-
like perennial he rbs  with 7 to 14 cm high, non-grou nd
stems Institute of Chinese a cademy of s ciences (IC S,

1987, Ren, 1986; The Chinese he rbal medicine

asse m bly, 1978; Du, 1996). The underground ste is ver
y short, while the main root is coarse a nd the whole-plant
is covered with short w h ite feathers. V. yedoensis maki
no contains 29.27 g of protein, 2.38 g of soluble sugar,
33.95 mg o f amino acids and a varie ty of vitamins per
100 g of dry ma tter. There fore, when

the w hole plant ha s been dried so it can be used as a
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medicine, it has been characterized in Chinese as being
“cold, bitter pungent and nontoxic".

The plant has been used for clearing away heat and
toxic materials as well as for the soothing and cooling of
swellings. It has also been used for curing carbuncle
sores, furuncle, erysipelas, phlegmon, poisonous
snakebites, icterus and urinary tract infections. It has
been praised as a drug for treating abscesses resulting
from pyogenic infection and furunculosis. “Materia Medica
justice" recognizes that the plant provided a useful
generic drug against carbuncle swelling and boil poison
(Drug administration department of the People's Republic
of China, 2000; Zhuang, 2002; Wen et al., 2006).

It was reported in the current paper that macroporous
adsorbent resin or a silica gel extraction column was
used in the separation and purification of the apigenin
(Zhu et al., 2005; Dawa et al., 2008; Zhu et al., 2005; Li et
al., 2007; Zhang et al., 2004).. The majority of apigenin in
the violaceae viola exist as various kinds of glycosides. In
order to achieve the purpose of separating the impurities
and thereby purifying the apigenin, so that it retains as
much of its physiological activity as possible, it is
necessary to find the most economical and efficient way
of separating and purifying the apigenin from the
violaceae viola family. In this study, the methods of
continuous separation, followed by purification with
macroporous resin (Zhang et al., 2002), silica gel

extraction column and the supercritical CO2 fluid
extraction after solvent extraction crystal were studied.

MATERIALS AND METHODS
Reagents

V. yedoensis makino was collected from the Wuling Mountains,
parched at the temperature of 60°C, crushed through a 40 um mesh
sieve and dried to a constant weight. Extra material was kept under
seal as backup. Methanol, acetic acid, ethyl acetate, petroleum
ether, acetone, chloroform, ethanol, 5% HCI, 2% NaOH, phosphoric
acid (all reagents were Domestic AR), acetonitrile (HPLC) and
different concentrations of methanol all have various volume ratios.
Silica gel (Qingdao drier factory Marine Chemical Group, used for
column chromatography), D-101 macroporous resin (Pesticide
Factory Tianjin), LSA-10, LSA-21 (lan xiao Technology Co., Ltd.xi
an, China), the remaining macroporous adsorbent resin was
provided by Forest Key Laboratory of Chemical Engineering, Hunan
Province, China. Apigenin standard reference samples were
obtained from JF natural products research and development of
Tianjin Co, Ltd, purity 98%. Apigenin purified samples (after
extraction, separation, purification from the V. yedoensis Makino)
were prepared as described in the study.

Apparatus

HA121-50-02 Supercritical CO2 extraction instrument (Jiangsu,
China), UV-Lamba25 Perkin-Elmer (U.S.), LC-20A high-
performance liquid chromatography (HPLC) Shimadzu (Japan),
LD5-2A centrifuge (Beijing Medical), JY98-IIl DN Cell Ultrasonic
grinder, AEB-220 electronic balance Shimadzu (Japan), AEL-200

one hundred thousandth electronic balance Shimadzu (Japan),
RE540-AW Rotary Evaporator Shimadzu (Japan) and DP-32
Vacuum Drying Oven Yamato. (Japan) were used in the study

Experimental methods

Determination of the apigenin standard absorption wavelength
and measurement of the standard curve using UV Absorbance

5.55 mg of an apigenin standard was measured and dissolved in
70% heated methanol. The solution was measured in a 100 ml
volumetric flask. Two drops of acetic acid solution was added
(hereafter, the same amount will be added), dubbed in 55.5 ug / ml
solution for backup. Apigenin standard solution was added into the
volumetric flask as shown in Table 2. First, 5 ml solution from No. 4
was scanned using the UV spectrophotometer at 800 to 200 nm.
The maximum UV absorption peak obtained from the scan was 345
nm. Therefore, a 345 nm wavelength was chosen for detection

Research to determine better high performance liquid
chromatography (HPLC) chromatographic conditions and
measurment of an apigenin standard curve

The chromatographic column used was the Kromasil C18 column
(250X4.6 mm i.d, 5um); the column temperature was room
temperature; mobile phase was acetic acid: methanol: acetonitrile:
phosphoric acid: water = 10:200:100:10:200 v: v; flow rate was 0.60
mL / min; detection wavelength was 350 nm. 18.9 ml of a 55.5 ug /
ml Apigenin standard solution was added into a 50ml volumetric
flask dubbed into 21 p g / ml solution. Apigenin standard solution
was detected by HPLC and the regression equation was calculated
as described in Table 3.

Research to determine better techniques for supercritical CO2
extraction of apigenin from Viola Philippica

Selection of the better entrainer: Five kinds of reagents: industrial
alcohol, 80% ethanol, anhydrous ethanol, 70% methanol and
methanol were used as entrainer. The usable entrainers were
selected when the extraction pressure was 25 MPa, extraction
temperature was 40°C, separation vessel pressure was 7 MPa,
temperature of separation vessel was 40°C, separation vessel
pressure was 4 MPa, temperature of separation vessel was 35°C,
CO:2 flow rate was 20 L / h under the extraction time of 2 h, and the
material which was not added as entrainer was used as controls.

Selection of the better supercritical CO2 extraction parameter
of apigenin: The entrainers were chosen as shown in Table 1. The

three level orthogonal experiment was designed of L9(34). By
examining the impacts between the supercritical CO2 extraction
technical parameters and the yields of apigenin, the best
supercritical COz extraction parameter of apigenin was determined.

Supercritical CO2 extraction of apigenin in V. yedoensis
makino: According to item 2.3.2, the parameters were selected for
the supercritical CO2 extraction process of apigenin from V.
yedoensis makino. 500 g of V. yedoensis makino was added in 2 L
of the barrel, loaded and extracted in the extraction vessel
according to the selected conditions of supercritical CO2. The
extract was collected from the discharge port of the extraction
vessel, extracts were dissolved in 70% heated methanol of constant
volume in a 100 ml volumetric flask. Then 20ul of solution was
tested by HPLC according to 2.2 of the high-performance liquid
chromatography conditions.



Table 1. Orthogonal factor levels.
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Factor 1 2 3
Amount of entrainer (solid to liquid ration) 5:01 5:02 5:03
Pressure of the extraction vessel (MPa) 20 28 35
Extraction vessel temperatre (°C) 35 45 55
Extraction time (h) 1 2 3

Studies on the separation and purification technique of
apigenin in V. yedoensis makino with macroporous adsorption
resin and silica gel column chromatography

Preparation of extract: 500.0 g of the V. yedoensis makino
powder was weighed and added to 5000 ml of a 70% methanol
solution, and then it was processed by ultrasonic for 10 min under
50°C and centrifuged for 10 min (3000 r / min) after being extracted
for 30 min. The sediment was extracted once again, before the
supernatant fluid was combined.

The solvent extraction of extract solution: The extract of V.
yedoensis was concentrated to about 100 ml, and 150 ml of the
petroleum ether was added. The mixture was then shaken and
quieted by extraction. The lower solution was taken and extracted
four times; it was added by 150 ml of the acetic ether and shaken
and quieted in extraction. The upper solution had been taken and
extracted four times. Extracted solution was concentrated and
stood-by for experimentation.

Silica-gel: The extract of V. yedoensis was completely dissolved in
50% of the heated alcohol. 100.0 g of the treated silica gel column
chromatography was added to the dissolved solution which was
then slowly heated to 60°C by water bath. The methanol was
volatilized and dried by distillation, prior to it being loaded onto the
extraction column by dry method. Chromatography column was first
extracted by 100 ml of the mixed liquid of chloroform-methanol
(25:10, v:v). Specifically, the extract solution completely immersed
the silica gel chromatography as was the criterion. It was extracted
by 200 to 300 ml mixed liquid of chloroform-methanol (V:V = 25:25)
(Eloesser et al.,1975). The latter extract was collected and then
concentrated to dryness. Part of the solvent was recovered and
heated until completely dissolved by 70% of the methanol, and
readied for stand-by.

Selection of macroporous adsorption resin: The pre-processing
of various macroporous adsorption resins were prepared according
to the literature of Lu (2005). 1.0 g of treated resins (equivalent dry
weight, the same as below) and 15 ml of the apigenin standard
solution were added to a 50 ml conical flask. The resin was sealed
and static absorbed for 24 h, before being filtered. The
concentration of apigenin in the filtrate was detected and the
adsorption rates of various resins were calculated. Desorption
experiments were carried out by adding 30 ml of the 70% of
methanol solution to the adsorbed apigenin resins. The
concentration of apigenin in the desorpted solution was measured,
and the rate of desorption was calculated. The proper resins were
selected according to the resin adsorption and desorption rates.

Selection of sample concentration: 1, 4, 6, 8, 10, or 12 mls of the
apigenin standard solution were placed in 50 ml conical flasks. The
volume in each flask was adjusted to a constant volume of 15 ml,
before an equivalent volume of filter resin was added, and static
adsorpted in 24 h. Filter resin adsorption rates for different
concentrations of apigenin were calculated.

Selection of eluant concentration: 30 mls of 0, 10, 30, 50, 70, or
90% methanol solution were respectively added to 2.0 g of six
copies of the adsorbed apigenin standard solution filter resins (wet
weight) and static desorpted in 24 h. The concentration of Apigenin
of desorpted solution was measured and the optimum eluent
concentration was determined.

Selection of eluent flow rate: 10.00 g of four copies of the filter
resin (wet weight) were columned according to wet-load. 10 ml of
apigenin standard solution was respectively added to the resin
volume that is 10 ml and then eluted with 1, 2, 3 or 4 BV / h of the

flow rate after the 4" h of adsorption. Eluent was collected at 5 ml
per tube and diluted to 10 ml. The apigenin content of elution was
measured and the optimum flow rate determined.

Column chromatography LSA-10 macroporous resin: LSA-
1macroporous resin was columned according to wet-load,
adsorption and desorption were subject to the chosen conditions
and eluent was collected and concentrated to dryness. Acetone
was added and refluxed in 2 h under 56°C to make sure that the
resin was fully dissolved. Resin was filtrated while hot but the filtrate
was placed in the refrigerator overnight. The yellow crystals were
precipitated and leached. Once the purified apigenin was obtained,
it was dried to constant weight by vacuum drying (50cm Hg, 47°C).

RESULTS

UV standard curve of apigenin

The absorbance values of the apigenin standard solution
at 345 nm are reflected in Table 2. In the regression
equation of the standard curve (shown in Figure 1),
concentration was taken (ug / ml) for abscissa and
absorbance value (A345) for the vertical, axis is Y =
0.0685X + 0.0035, r = 0.9999. The solution concentration
and absorbance have a good linear relationship
especially in the concentration range of 3.33 to 19.98 ug /
ml as determined by UV spectrophotometry of the
apigenin standard solution.

HPLC testing pattern and the regression equation of
the apigenin standard solution

The retention time and peak area of each sample volume
are depicted in Table 3. The regression equation
according to the concentration and peak area of apigenin
is y = 15.845x-225.76, r = 0.9996. The concentration of
standard solution and its size of the peak area have a
linear relationship as determined by HPLC detection. This
linear relationship was good in the concentration range of
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Table 2. Asss values of apigenin standard solution.

Test number 1 2 3 4 5 6 7
Sta ndard sample fapigenim (ml) 0 3 6 9 12 15 18
Concentration (pug ml) 0 .33 6.66 9.99 13.32 16.65 19.9
Absorbance values 0 0.232 0.46 0.695 0.917 1.133 1.37

Table 3. HPLC etermination o the standard curve of apigeni n.

Number 1 2 3 4 5
The injection volume (pl) 5 10 15 20 25
Apigenin conc entration (10" pg/mi) 105 210 315 420 525
Peak area 1271 3000 4701 6403 8227
1.8 i
1.4 r
=
E 1.2
V 1 r
=
= 0.8 1
=
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=
< 0.4 r
0.2 r
0
0 o 10 15 20 25

Concentration (pn/ml)

Figu re 1. UV standard curve of the apigenin stand ard solution.

10 X 102 to 525 X 102 pg / ml. Th HPLC testing
pattern of the apigenin standard soluti n is shown in
Figure 2.

Selection res Its of ent ainer of apigenin in V. ye
oensis Mak ino as obta ined by su percritical C O2
extraction

A etter solution for the supercritical C O2 extraction of
apigenin from V. yedoensis makino invol ves using a co-
solvent. Optimal conditions of extraction w ere selected by
ort hogonal exp erimentation as follows: solid-liquid ra tio

wa s 5:3, extraction pres s ure: 20 M Pa, extraction tem
perature 50° C, extraction time 2h, separation vessel

tem perature: 5 5°C, pressur e: 9 Mpa, separation vessel
tem perature: 4 0°C and pressure: 5 Mpa.

Dete rmination of apigenin from V. yedo ensis makin o

obtai ned by supe rcritical CO2 extraction

Apig ninin V. yedoensis makin o obtained by supercritic |
CO2 extraction was detected in step .1 using an
ultrav iolet spectrophotometer. The aver age yield of
apige nin in V. yedoensis maki o was 0.0268% according
to the regression equation. Thus, using ultraviole t
spect rophotometr y for the determination o f the yield o f
apige nin in V. yedoensis makin o obtained by supercritic |
COz2 extraction, t e study fou nd that it was significantly highe
r than that of the conve ntional meth od extraction yield s. It
was also higher tha n the micro wave-assisted extraction
and ultrasonic-assist ed extraction yield, as well as be ing
significa ntly higher than the celery root apigenin conte nt
75mg/Kg. This result indicated tha t supercritica | CO2
extraction is suitable for extraction, s eparation and



~
800

2408

300

400

1812

Absorbance (mv)

E-100 =

Xiang 296

i i

Time (min)

Figure 2. HP LC chromatogr m of the apigenin standard solution.
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Figure 3. HPLC chromato gram of apig enin from V .yedoensis
makino obtai ed by supercritical CO2 extraction.

purification of ap igenin in V. y edoensis makino.

Determination of apigenin from V. yedo ensis makino
ob ained by supercritical CO2 extractio n using HPLC

Apigenin in V. y edoensis ma ino obtained by supercritical

CO 2 extraction was detect ed by HPLC  as describ ed
earlier. The HPLC chromatogram is show in Figure 3. By co
mparing Figur e 2 with Figu re3, the study found that he ret
ention time o f the first two peaks of the supercritical

CO 2 extract and the apigenin stan dard referen ce
sub stance was consistent. However, they showed an

ob ious differen ce in peak area; the s percritical C O2

extract had a pe ak at 7.026
conte nts of apigeninin V. ye oensis makino were fro
free apigenin, m any of them were in the form of C-
Glyc syl compou nds, such as: apigenin 6,8-2-C-a-L-
THP-glucoside, a pigenin-6-C-a-L-THP-glyc osyl-8-C-B-D-
gluco pyranoside, apigenin-6- C-B-D-THP-glycosyl-8-C-a-L-
glucopyranoside , apigenin- 6-C-3-D-THP-glycosyl-8-C-

B-L-glucopyranoside, apigenin -6-8-2-C-B3-D-gluco
pyranoside, apigenin-6-C-a-L-THP-glycosyl-8-C-B-D-
xylopyranoside and apigeni n-6-C-B -D-xylopyranosyl-8-

C-a-L -THP-glucos ide (Li et al., 2008).
Th e HPLC chro matogram of apigenin fro V. yedoensis
maki o obtained b y supercritical CO2 extraction (Figure 3)

min. Beca use very fe w



wa s compared with the HPLC
purified and isolated
yed oensis makino obtained using
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Figure 4. Ultraviolet scan atlas of apigenin standard samp le and V.
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Figure 5. Representative HPLC trac e of Viola philippica
apigenin purified sampl s.

resin purified and isolated apigenin sampl e. In addition ,
the t wo peak area s changed. The study showed that the
extraction and distillation of apigenin in V. yedoensis maki

chrom togram of he
sam ple of apigenin from V.
Silica Gel Colu mn

Ch romatography and LSA- 10 macroporous adsorption
resin (Figure 4) and the H PLC chrom atogram of the
apigenin stand ard solution and purifie d and isola ed
sa mple solution mixture (Figure 5). The s tudy found t hat

the peak num ber of the supercritical CO2 extraction
samples was less than the Silica Gel Colu mn

Ch romatography and LSA-1 0 macropor ous adsorption

no by superc ritical CO2 extraction was very effective.

Resu Its of differe nt macroporous adsorption resin
for apig enin static e xchange ads orption

It can be seen fro m the results depicted in Table 4 that
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Table 4. Different macroporous resin adsorption determination results.
Resin Size (mm) Aperture (nm) BET (m2/g) Polarity Absorbance A0 ODA
NKA-9 0.3-1.25 15.5-16.5 250-290 Non 0.832 0.378
NKA-2 0.3-1.25 14.5-15.5 160-200 Strong 0.828 0.419
AB-8 0.3-1.25 13.0-14.0 480-520 Weak 0.833 0.365
X-5 0.3-1.25 10.5-12.5 540-580 Non 0.83 0.339
D101 0.3-1.25 10.5-11.5 400 Weak 0.829 0.325
D4020 0.35-0.55 10.0-10.5 600-700 Non 0.832 0.412
D392 0.3-1.0 10.0-10.5 540-580 Alkaline 0.831 0.441
LSA-10 0.3-1.25 14.8-16.2 Highly active BET Polar 0.833 0.268
LSA-21 0.3-0.9 12.6-14.8 Highly active BET Polar 0.829 0.315

macroporous adsorption resin has the best capacity of
exchange for apigenin. Therefore, this study used novel
LSA-10 macroporous adsorption resin to adsorb,
separate and purify the extracted apigenin from V.
yedoensis makino. Desorption results with different
methanol concentrations are presented in Table 5. From
Table 5, we learned that a solution of 70% methanol has
the strongest adsorption ability for LSA-10 macroporous
polymeric adsorbent adsorption of apigenin, so then 70%
methanol was used in the elution for macroporous
polymeric adsorbent LSA-10 after adsorption in this
study.

Ultraviolet scan of apigenin standard solution and
purification of sample solution test results

Ultraviolet spectrophotometry of the apigenin standard
solution and Silica gel column chromatography, LSA-10
macroporous polymeric adsorbent of V. yedoensis
makino in separation and purification of samples of
apigenin was shown in Figure 4 as map scanning. From
map scans of the apigenin standard and purified samples
in the ultraviolet spectrophotometer , we can see
ultraviolet absorption peaks in the V. yedoensis makino
purification of apigenin that are

consistent with peaks found with the apigenin standard.
This experiment can be analyzed from using the
separation and purification sample products and the
apigenin standard sample products as the components of
each are basically the same.

HPLC detection Silica gel column chromatography
and macroporous polymeric adsorbent LSA-10 to V.
yedoensis makino in separation and purification of
apigenin sample maps

The vyield of V. yedoensis makino in the extraction
solution of apigenin respectively could reach 61.3 and
85.8% after silica gel column chromatography extraction
and macroporous polymeric adsorbent LSA-10

adsorption and elution (the column was determined on
the ratio of the content of apigenin). After twice the
column chromatography and drying the material, the
purity based on HPLC detection reached 92.8% (Figure
5).

HPLC detection silica gel column and LSA-10
separation and purification of apigenin samples and
standard of mixture (V . V=1 1) atlas

Using high performance liquid chromatography
instrument detection and knowing from scanning atlas
(Figure 2) that apigenin in the reference standard had a
retention time (tR) of 1.872 min and 2.476 min, the purity
of apigenin could be calculated at 98%. Apigenin purified
from V. yedoensis makino had a retention time (tR) of
1.893 min and 2.484 min (Figure 4). This is consistent
with the standard product. By mixing the purification
samples and the comparison solution according to the
1:1volume ratio, 20 pL of the sample was tested by
scanning atlas and this is depicted in Figure 6. From
Figure 6, we can see that two peaks of the mixture
material completely overlap, the peak of retention time
(tR) and celery grain standard of peaks of retention time
(tR) are consistent. With this experiment it can be
determined that the sample obtained from the separation
and purification of the V. yedoensis Makino is apigenin,
but purification of the V. yedoensis Makino apigenin
sample contained four other substances. The purity of the
V. yedoensis makino apigenin sample was calculated to
reach 95.80%.

DISCUSSION

In the previous studies, the methods used for apigenin
extraction were mainly by maceration or reflux extraction
with methanol, ethanol and other organic solvents (Peng,
2009; Shen et al., 2010; Jiang et al., 2013 ), while the
ultrasonic- and microwave-assisted extractions were also
applied by some investigators (Liu et al., 2010).
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Table 5. esorption result of different m ethanol conce trations

to apigenin.
Number Methanol co ncentrations ( %) oD
1 0 0.062
2 10 0.173
KI.
- 300
o
B
-]
o
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Figure 6. Representative H PLC trace of a pigenin standa rd sample

and purified sample.

Co mpared with the solvent reflux and ¢ old maceration
extractions, bot h the ultraso nic- and micr owave-assis
ed extractions reduced impurities in the extracts a nd inc
reased apige nin contents (Yang, 2007; Wang et al.,

20 3). However, they still ha ve some disadvantages, for
exa mple, it is necessary to be extracted with a solve nt,
wh ch contains more impurities, meanw hile the solv ent
recovery is very difficult. Th present study adopted, for
the first time, the supercritic | CO2 extraction of apigenin
fro m V. yedoensis makino w ith integration of separation
an removal of the solvent b y one proces s to address the
problems of a pigenin extr ction mentioned above; it
sim plified the procedure and improved production
efficiency and did not caus e environm ntal pollutions.

Ho wever, the limited volume of extrac  and the high
running costs by supercritical CO2  extraction meth od
made it for further improvement on large scale

ap lication.

A dditionally, t e separation and purification of apigenin
we re often throu gh solvent e xtraction, ma croporous res
in, polyamide col umn chrom atography a nd silica gel
columns procedures (Peng, 2009; Li et al., 2007; Zhu et
al., 2005). Although the conventio nal extracti on,
sep aration and purification methods w re simple a nd
mature, the significant difficulties w re incompl ete

extraction of materials and the loss of apigeninin he

sepa ration and pu rification process (Liu, 20 12; Liu et al
, 2010).

Conc lusion

In this study, the UV and HPL C analysis showed that the

purity of apigenin by supercriti cal CO2 extra ction reached
97.6 %; and the p urity of conv ntional ultra s onic-assisted
extraction reached 95.80%, a nd the yield of apigenin , 0.27+
0.01%o, b y supercritical CO2 ex traction was significantly
higher than the conventional ultrasonic-assisted extraction
yield o f apigenin, 0.22+0.01%. . Further analysis o f the
results of this study indicated tha t

supe rcritical CO2 extraction simplified th  procedures ,
shortens the extraction time  and improve d the produc t
yield and purity, suggestin that supe rcritical CO2
extraction is entirely suitable for the extraction and
purifi cation of apigenin fro V. yedoensis makino .
Mean while the results of this study were consistent with
other conclusions by Me g Fan-shu (2011). In
conclusion, the supercritical O2 extraction method for
apige nin separation and  puri ication is su perior to the
conv entional m ethod such as ultra sonic-assisted
extraction under the same experimental conditions, bu t

limited product v olume of ex tract is wort hy of further



study for improvement.
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