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Abstract: In this study, the protocol for enrichment and separation of flavonoids from Cryptotaenia japonica Hassk.
was developed using macroporous resins. After comparison of six kinds of macroporous resins for their adsorption
and desorption properties of total flavonoids, LS-46D was found to be the most powerful resin for total flavonoids
isolation from the plant. Under optimal conditions, after one round enrichment with LS-46D, the total flavonoids
content in the product increased by 3.5 times, with a recovery yield of 94.84%. The contents of the main active
components such as luteolin and pigenin increased 8.35 and 6.29 times, respectively. These results demonstrated
that the method has great potential for production of total flavonoids from Cryptotaenia japonica Hassk.
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INTRODUCTION

Cryptotaenia japonica Hassk. (Chinese name:
Yajiaoban) is a widespread perennial plant and a
popular forest vegetable in China. It is also used as a
herbal medicine to treat various ailments such as
detumescence and inflammation (Yang and Xia, 2010).
The pharmacological efficacy and application potential
of C. japonica were attributed to its essential oils and
flavonoids (Okude and Hayashi, 1970; Cheng et al.,
2010; Li and Niu, 2012; Yao and Ren, 2011). During
the past decades, flavonoids have received a great deal
of attention because of their obvious pharmacological
activities such as antioxidant, anti-inflammation,
anticancerogenic and other beneficial properties for
human health (Kang et al., 2012; Kamiyama and
Shibamoto, 2012; Ahmad et al., 2015; Cheng et al.,
2015).

Traditionally, flavonoids were separated from the
crude extracts by solvent extraction, solid-liquid
extraction, polyamide chromatography and gel
chromatography. But the drawbacks of these methods
are the consumption of large amount of reagents and
energy. In recent years, high-speed counter-current
chromatography has been used for efficient separation
of flavonoids from a variety of plants (Jiang et al.,
2015), but the expensive cost and low yields limit its

application. A new approach based on macroporous
resins has been widely applied in separation of
bioactive compounds such phenolics and flavonoids
(Wan et al., 2014; Yang et al., 2016; Xiong et al.,
2014). These macroporous resins have special
characteristics such as diversity in types of resins, large
surface area, easy regeneration and relatively low cost.
Based on their polarity, macroporous resins were
classified as non-polar, middle polar and polar types
with different adsorption capacities. These resins could
be used for selectively adsorb or desorb components
from extraction solutions of natural products by size
sieving, bonding interaction, electrostatic force, etc.
However, to the best of our knowledge, there has been
no report on the use of macroporous resin in separating
and purifying flavonoids from C. japonica extracts. So
in this study, the major objective was to develop the
optimum conditions for enrichment and separation of
total flavonoids from C. japonica using macroporous
resins.

MATERIALS AND METHODS

Plant material: Cryptotaenia japonica Hassk. was
collected from the western region of Hunan Province,
China. The plant was authenticated by Professor
Meiqun Zhang and voucher specimen (YY.201105)
was deposited at our laboratory.
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Table 1: Physical properties of macroporous resins

Resin series Polarity Particle size (mm) Surface area (m”/g) Appearance Average pore diameter (A°)
AB-8 Middle 0.315-1.25 400-500 White particles 30
XDA-8 Weak 0.315-1.25 1100-1300 Brown granules 30
LX-60 Nonpolar 0.315-1.25 500-600 White particles 30
LS-303 Nonpolar 0.315-1.1 600 White particles 25
LS-308 Weak 0.315-1.1 450 White particles 26
LS-46D Weak 0.315-1.1 700 White particles 26

All plant materials were washed and separated into
roots and aerial parts. The aerial parts were dried in an
oven at 60°C and powdered to 60 meshes and then
stored in sealed polyethylene bags in a dry and dark
place until use.

Chemicals: Luteolin and apigenin were purchased from
Shanghai Yuanye Bio-Technology Co., Ltd. Rutin was
purchased from the National Institutes for Food and
Drug Control, China. All the other chemicals and
solvents are of analytical grade.

Pretreatment of resins: Six types of macroporous
resins were used in this study. LS-303, LS-308 and LS-
46D were purchased from Shanxi Lanshen Special
Resin Co., Ltd. (Shanxi, China). AB-8, LX-60 and
XDA-8 were purchased from Shanxi Lanxiao
Technology Co., Ltd. (Shanxi, China). The physical
characteristics of these resins were listed in Table 1.
These macroporous resins were pretreated by washing
with abundant distilled water to remove residue salts or
impurities and then dried at 60°C for 12 h and kept at a
dry and dark area until use. The dried macroporous
resins were immersed for 12 h with 95% ethanol and
subsequently washed thoroughly with distilled water
prior to the adsorption experiments (at a flow rate of 3
mL/min until the eluent was neutral).

Preparation of crude extracts from Cryptotaenia
japonica Hassk: The extracts were obtained by
refluxing 30 g of sample powder in 360 mL of 70%
ethanol in a water bath at 85°C for 60 min. After initial
extraction, the extract was removed and 90 mL of 70%
ethanol was added and extracted for another 30 min.
The extracts were combined, filtered and centrifuged
for 10 min at 6000 rpm. The supernatant was collected
and evaporated under vacuum to remove the ethanol.
Then, deionized water was added to give flavonoids
concentration of 5-6 mg/mL.

Determination of total flavonoids: The concentrations
of the total flavonoids were measured by a modified
colorimetric method (Lu et al., 2013). Briefly, one mL
of the sample solution and 0.6 mL of NaNO2 (5%)
were removed to a volumetric flask (10 mL) and shaken
for 6 minutes, then 0.5 mL of 10% AI(NOs);(w/v) was
added and mixed. The mixture was allowed to stand for
another 6 minutes prior to the addition of 3.0 mL of
4.3% NaOH and then, 70% ethanol (v/v) was added to

the scale. The mixture was well shaken and incubated
for 15 min and then measured at 507 nm using an UV-
vis spectrophotometer (Shanghai Precision Instrument
Co., Ltd, Shanghai, China). The content of total
flavonoids was calculated by using rutin as standard.
The regression equation was A = 1.0286C-0.0161 (R*=
0.9993), where A is the absorbance of the sample and C
is the flavonoids content (mg/mL). The data were
reported as mean =+SD for triplicate independent
measurements.

Static adsorption and desorption experiments: The
static adsorption experiments were conducted as
follows: pretreated hydrated resins (equal to 4 g of the
dry resins) and 40 mL of crude extract were added to a
flask and shake (50 rpm) in a water-bath shaker at
25°C. One mL of the adsorption solution was removed
for flavonoids concentration analysis at 0.5, 1, 2, 4, 6
and 8 h, respectively. The adsorption capacity (Q) and
adsorption ratio (E) of each resin for the flavonoids
were preliminarily determined using the following
equations:

Q =(Co—Cr) Vi/'W (1)
E = (Co—Cr)/Cox100 2)
where, Co and Cr are the initial and residual

concentrations (mg/mL) of the total flavonoids in the
solutions, respectively; Vr(mL) and W (g) are the
volume of the initial flavonoids solution and the weight
of the dried resins, respectively.

When the adsorption reaches the adsorption
equilibrium, the residual solution was removed and 40
mL of 70% ethanol was added and then shaken (50
rpm) for 8 h at 25°C in a water-bath shaker. The
concentration of the total flavonoids in the desorption
solutions was determined then. Meanwhile, the
desorption ratio (D) of different resins was calculated
using the following equation:

__Cdvd 100 A3)
(Co-Cr)vr

where, Cd is the total flavonoids concentration in the
desorption solutions (mg/mL); Vd is the volume of the
desorption solution; and Co, Cr and Vr are the same as
those defined above.
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Table 2: Adsorption and desorption properties of six macroporous resins for flavonoids

Resin series Adsorption capacity (mg/g dry resin)  Adsorption rate (%) Desorption capacity (mg/g Dry resin)  Desorption rate (%)
AB-8 43.20+0.51 12.75+0.33 25.11+0.35 58.14+0.44
XDA-8 46.70+0.45 13.79+0.61 29.195+0.43 62.52+0.62
LX-60 56.61+0.43 16.71+0.22 33.278+0.38 58.78+0.34
LS-303 49.32+0.48 14.56+0.56 36.19+0.45 73.39+0.61
LS-308 58.36+0.71 17.2340.86 29.78+0.52 51.02+0.52
LS-46D 60.11+0.62 17.75+0.49 41.15+0.72 68.46+0.56

Dynamic adsorption and desorption experiments:
The dynamic adsorption and desorption experiments
were performed as follow: First, the pretreated wet
resin (equal to 8 g of the dried resins) was packed into
the chromatographic column (2.4%40 cm) to give a Bed
Volume (BV) of 50 mL and height of 14.4 cm. In the
adsorption process, the effects of different adsorption
conditions including the initial total flavonoids
concentration, feed flow rate and the volume of the
sample on the adsorption capacity of the resin were
investigated. After the adsorption was completed under
the optimized adsorption conditions (total flavonoids
concentration in the feed solution: 6 mg/mL; flow rate:
3 mL/min; feed volume: 50 mL), the desorption
experiments were performed to study the effects of
ethanol concentrations, eluting flow rates and ethanol
consumption on desorption. The adsorption capacity
and desorption ratio of the six kinds of resins were
calculated using Eq. (3). All the dynamic adsorption
and desorption tests were performed in triplicates at
room temperature.

HPLC analysis: The dried, purified extract (0.0575 g)
and crude extract (0.2673 g) were dissolved in 25 mL of
methanol and filtered through 0.45 pm membrane
filters respectively. The flavonoids and phenols
concentrations in samples before and after enrichment
were determined by HPLC (Shimadzu, Tokyo, Japan)
equipped with Photodiode Array Detector (PDA), A
reverse-phase C18 column (symmetry 150 x 3.0 mm, 5
um particles, Shimadzu, Tokyo, Japan) was used for the
chromatographic analysis. The mobile phase consisted
of 0.6% (v/v) phosphoric acid (A) and 100%
acetonitrile (B) and was used for the gradient elution as
follows: 5-20% B from 0 to 20 min, 20% B from 20 to
30 min, 20-25% B from 30 to 40 min, 25-35% B from
40 to 50 min, 35% B from 50 to 60 min, 35-20% B
from 60 to 80 min and 20-25% B from 80 to 90 min.
The flow rate was 0.2 mL/min. The injection volume
was 10 pL. The oven temperature of the column was
maintained at 30°C and the wavelength of the detector
was 275 nm. The compounds were identified according
to their retention times and UV spectra and compared
with the standard. The contents of the phenolics and
flavonoids were calculated by the external standard
method. The regression equations for luteolin and
pigenin were Y = 60907.1X-61891.2 (R* = 0.9999, n =
5) and Y = 84028.2X- 4604.55 (R* = 0.9998, n = 5),
respectively, where Y and X are the peak area and
injection quantity of the analyte, respectively. The
calibration curves were obtained by plotting the

concentration (pug/mL) of selected flavonoids in the
range 10-100 pg/mL against the peak areas.

RESULTS AND DISCUSSION

Preliminary selection of resin: The results of static
adsorption/desorption experiments were shown in
Table 2. LS-308, LS-46D and LX-60 exhibited higher
adsorption capacities for the total flavonoids than other
resins and the desorption ratios for the flavonoids on
LS-303 and LS-46D resins (73.39 and 68.46%,
respectively) were relatively higher than those on the
other resins. Clearly, the nonpolar and weak polar resins
exhibited higher adsorption capabilities than middle
polar resins, probably because of their comparable
polarity with the flavonoids and appropriate pore
diameters (around 26 nm). The results indicated that
among the six resins investigated, LS-46D possessed a
comparatively higher adsorption capacity (60.11 mg/g
of the dry resin) and desorption ratio (68.46%) than
other resins.

The adsorption kinetics curves for the total
flavonoids on different resins were presented in Fig. 1.
The adsorption capacities of LS-303, LS-308 and LX-
60 increased rapidly in the first 120 min and then
increased slowly thereafter. The adsorption capacities
of AB-8 and XDA-8 increased slowly with the time
during the experimental procedure. Only LS-46D
showed the highest increase rate. In comprehensive
consideration of the adsorption capacity and desorption
ratio, LS-46D had the highest adsorption and desorption
capacity; therefore, LS-46D was chosen as the suitable
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Fig. 1: Adsorption kinetics curves for the total flavonoids on
different resins



Adv. J. Food Sci. Technol., 13(1): 11-17, 2017

20
757

—_
N
|
~
(=)
|

)
=)
Xy S
= =
g g
z S s
5 124 z 6
g 2
5] =
=) -
8 g 0
B 87 a
2
g 55
4
T T T T T 50 T T T T T T T
) 3 4 5 6 30 40 50 60 70 80 90
C (mg/ml) Ethanol concentration (%. V/V)
() (b)
18-
= 757
g 17
L0
5n 4
e S 70
= 16 k1
3 E 651
5 157 E
2 3=
g S 60-
& 14+ 5
2 a
<
< 137 557
12 T T T T T T T 50 T T T T
1.0 1.5 2.0 2.5 3.0 35 4.0 0 2 4
Feed flow rate (mL/min) Elute flow rate (mL/min)
(c) (d)
5 —
6 —
=) =)
= ] 24
fb 5 o0
£ E
g 4 é 3
= 2
3 34 =
E £ 24
g =
= 2 I =
El 8
2 g1
g7 S
0 0
T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250
Volume of elution (mL) Elution volume (mL)
(e (®

Fig. 2: Effect of initial concentration (A), feed rate (B) on the adsorption capacity of LS-46D and Leakage curve (C); Effect of
ethanol concentration (D), elute flow rate (E) on the desorption ratio and dynamic elution curve (F)

resin for separation of the total flavonoids from capacity and ratio of macroporous resins for flavonoids
Cryptotaenia japonica Hassk increase with the decrease of pH because of the

hydrogen bonding (Fu et al., 2005). And the increase in
Effect of initial concentration of sample on temperature leads to the decrease of adsorption because
adsorption capacity: It is reported that adsorption of exothermic reaction in resin (Peng et al., 2004).
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Therefore, in this study, the pH and temperature of the
crude extract solution were fixed at 6.5 (the natural pH
of crude extracts) and room temperature, respectively.
To study the effect of the initial flavonoids
concentration of sample on adsorption capacity, 40 mL
of the crude extract with different flavonoids
concentrations (2, 3, 4, 5 and 6 mg/mL) was transferred
into the laden at a feed rate of 2.0 mL/min. After the
adsorption reached saturation, 120 mL of deionized
water was used to wash the resin and then desorbed
with 70% ethanol at a flow rate of 2.5 mL/min until the
eluent was colorless. In Fig. 2A, the adsorption capacity
of LS-46D for the flavonoids increased proportionally
as the increase of the initial concentration of the
samples. However, in our sample preparation
procedure, it became more and more difficult to
concentrate the crude extract as the extracts became
thicker after removing the ethanol. Moreover, with
further increase in the feeding concentration, impurities
in the crude extract solution increased and the active
site-to-absorbate ratio decreased accordingly. The
impurities competed with the flavonoids for the active
sites on the resins, resulting in reduced adsorption of
the flavonoids (Fu et al., 2005). Therefore, an initial
concentration of 5.0-6.0 mg/mL was chosen for the
following experiments.

Effect of feeding speed on adsorption capacity: In
order to investigate the effect of feeding speed on
adsorption capacity, 40 mL of a 5.7 mg/mL crude
extract were run through the column at different feeding
speeds (1.0, 2.0, 3.0 and 4.0 mL/min) and then washed
with 120 mL of deionized water. The eluent solution
was collected for calculation of adsorption capacity.
The adsorption ratio increased first with the increase of
feeding speed and reached the peak value at feeding
speed of 3.0 mg/mL and then decreased rapidly with the
further increase of feed rate (Fig. 2B). Too slow or too
fast flow rates did not favor the adsorption of
flavonoids on LS-46D resin. This was because the
contact time between the flavonoids and resin was
either too short or long. So the best suitable feeding
speed was selected as 3.0 mL/min.

Leakage curve of total flavonoids: The leakage curve
was plotted using 8 g of LS-46D under the optimum
conditions, i.e., an initial concentration of 5.7 mg/mL
and a feeding speed of 3 mL/min. The eluents were
collected at 25 mL intervals and monitored by the
colorimetric analysis of the flavonoids content. When
the flavonoid concentration of the eluent was one tenth
of the feed sample, the sample loading was stopped as
that was the breakpoint (Jia et al., 2013). The leakage
curve was shown in Fig. 2C. With the increase in
adsorption volume, the flavonoids concentration in the
eluent increased gradually. When the adsorption volume
reached 75 mL, the concentration of the total flavonoids
in the eluent reached the breakpoint (0.613 mg/mL),
higher than 10% of the original concentration (5.7
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mg/mL). When the loading volume was increased
further, the leaking of the total flavonoids in the eluent
increased rapidly. This is likely due to the reach of
maximum adsorption capacity of the resin. Thus, the
maximum treating capacity of 8 g resin was 50 mL of
the sample solution.

Effect of the concentration of ethanol on desorption
ratio: After completion the adsorption of flavonoids on
LS-46D resin, the separation of the flavonoids in the
crude extracts was affected by the desorption process of
the adsorbates from the resin. So appropriate desorption
solution and elute flow rate are very important. In order
to investigate the effect of the concentration of ethanol
on desorption ratio, different ethanol concentrations of
30, 50, 70 and 90%, respectively were used to
determine the proper desorption solution and the results
were shown in Fig. 2D. The desorption ratio of
flavonoids increased slowly with the increase of ethanol
concentration and reached the highest value at 70%
ethanol and then decreased rapidly when the ethanol
concentration exceeded 70%. Thus, the 70% ethanol
solution was chosen for the subsequent tests.

Effect of eluting flow rate on desorption ratio: The
different eluting rates (1.0, 2.0, 3.0 and 4.0 mL/min)
on desorption results were shown in Fig. 2E. With the
increase in flow rate, the desorption rate increased
gradually and reached the maximum value (72.11%) at
a flow rate of 2.0 mL/min and then decreased rapidly as
the flow rate increased. This was perhaps because the
flow rate was too fast, resulting in a low recovery of
flavonoids. Therefore, 2.0 mL/min flow rate was
determined as the optimum flow rate.

Dynamic elution curve: The dynamic elution curve
was determined under the following conditions: 50 mL
of the sample (5.7 mg/mL of the crude flavonoids
extracts) was run through LS-46D resin at a flow rate of
3.0 mL/min. Then, the resin was washed with deionized
water until the eluent was almost colorless and 70%
ethanol was used to elute the flavonoids at a flow rate
of 2.0 mL/min. The eluents were collected at 25 mL
intervals and monitored the flavonoids content by the
colorimetric analysis. The dynamic elution curve was
plotted and displayed in Fig. 2F. The concentration of
the total flavonoids increased first with the increase in
the volume of eluent and reached the maximum value
when elute volume was 50 mL and then decreased with
the further increase of elute volume. When the elute
reached 150 mL, the flavonoids were almost completely
desorbed from LS-46D resin. Therefore, 150 mL was
selected as the volume of desorption solvent.

Comparison of the characteristics of samples before
and after enrichment: The method was validated
using a LS-46D resin (8 g, dry weight) under conditions
described in previous sections. Under these conditions,
the total recovery yield was 94.84% and the content of
the total flavonoids in the product reached 11.4%, 3.5
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HPLC chromatograms of the analysis of samples before (A) and after (B) enrichment and the standard reference materials

(C). Identified compounds of peaks 1-7 are gallic acid, chlorogenic acid, vanillic acid, coumaric acid, ferulic acid,

luteolin and pigenin, respectively

Table 3: Flavonoid and polyphenol contents in the crude and the purified product of Cryptotaenia japonica Hassk

Content before the

Content after the

Compounds treatment (mg/g) Weight (g)* treatment (mg/g) Weight (g)** Purification fold
Gallic acid 0.452 8.56 0.915 0.499 2.024
Chlorogenic acid 0.447 8.56 5.264 0.499 11.776

Vanillic acid 0.323 8.56 1.392 0.499 4310

Coumaric acid 0.770 8.56 4.261 0.499 5.534

Ferulic acid 1.936 8.56 17.367 0.499 8.971

Luteolin 2.554 8.56 21.327 0.499 8.350

Pigenin 0.369 8.56 2.321 0.499 6.290

*: The weight of 50 mL extracts after lyophilization; **: The weight of eluents from 50 mL extracts after lyophilization

times higher than that of the crude extracts. The HPLC
chromatograms of samples before and after enrichment
were shown in Fig. 3 and the contents of active
ingredients were shown in Table 3. The results showed
that the main active components (luteolin and pigenin)
in C. japonica (Li and Niu, 2012; Yao and Ren, 2011)
increased 8.35 and 6.29 times after the enrichment
(Table 3). Simultaneously, the content of other
polyphenols increased 2.024-11.776 times (Table 3).
The flavonoids and polyphenol compositions of the
samples before and after separation were consistent
with those reported by Li and Niu (2012). Thus, our
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method has great potential for the enrichment and
separation of the total flavonoids from C. japonica in
industry.

CONCLUSION

The enrichment and separation of the total
flavonoids in C. japonica were successfully achieved
using  macroporous  resins.  The  separation
characteristics of six kinds of resins were evaluated
systematically through the static adsorption and
desorption experiments. The LS-46D was found to be
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the most suitable resin because of its best separation
efficiency for the total flavonoids. The optimum
conditions for adsorption were as follows: the initial
sample concentration of 5-6 mg/mL, load sample
volume of 50 mL and feed flow rate of 3.0 mL/min.
The conditions for desorption were 150 mL of 70%
ethanol and 2.0 mL/min of flow rate. After the
treatment with LS-46D resin under these optimal
conditions, the weight percentage of the total flavonoids
in C. japonica increased by 3.5 times from 3.25 to
11.4% with a recovery yield of 94.84%. The contents of
luteolin and pigenin increased 8.35 and 6.29 fold,
respectively. Simultaneously, the contents of phenols
were 2.024-11.776 times higher than that before
treatment. The results may provide basis for large-scale
enrichment and separation of the flavonoids from C.
japonica.
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