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a b s t r a c t

This study investigated the use of ultrasound-assisted extraction (UAE) to improve the extraction effi-
ciency of the classical solvent extraction techniques such as maceration extraction (ME) and soxhlet
extraction (SE) to extract five isoflavones (tectoridin, iristectorin B, iristectorin A, tectorigenin and iris-
tectorigenin A) from Iris tectorum. The effects of various factors such as extraction solvent, solvent
concentration, temperature, solvent to solid ratio, ultrasound power, extraction time and particle size
eywords:
ltrasound-assisted extraction

ris tectorum
soflavones

on the yield of target components were investigated. The optimal UAE conditions found were: 70% (v/v)
methanol solution, temperature 45 ◦C, solvent to solid ratio 15 ml/g, ultrasound power 150 W, extraction
time 45 min and particle size 60–80 mesh. The results indicated that compared with ME at 18 h and SE
at 6 h, UAE gave the highest extraction yields of tectoridin, iristectorin B, iristectorin A, tectorigenin, iris-
tectorigenin A and total isoflavones at 45 min. The results indicated that UAE was an alternative method

from
for extracting isoflavones

. Introduction

Iris tectorum Maxim, a famous traditional Chinese medicine,
s widely distributed in China [1]. Traditionally, its root and rhi-
ome have been used for the treatment of inflammation, cough,
onsillitis and pharyngitis [2]. Recently, it has been used to fight
gainst severe acute respiratory syndrome (SARS). Many studies
ound that a variety of compounds such as isoflavonoids [3–5],
uinones [6] and triterpenoids [7–9] existing in the I. tectorum.
ectoridin, iristectorin B, iristectorin A, tectorigenin and iristectori-
enin A (shown in Fig. 1), the major isoflavonoid components in I.
ectorum, are believed to be responsible for the biological activities
f anti-atherosclerosis [10], anti-oxidant [11] and anti-tumor [12].

Extraction of bioactive compounds from natural products with a
olvent is a classical operation applied in many industrial processes.
t is obvious that medical interest in plants derived drugs has led to
n increased need for ideal extraction methods, which could obtain
he maximum of the bioactive constituents in a shortest processing

ime with a low cost. The conventional extraction methods, such
s maceration extraction (ME) and soxhlet extraction (SE), which
ave been employed for decades, need long extraction times and
equire relatively large quantities of solvent. Ultrasound-assisted

Abbreviations: UAE, ultrasound-assisted extraction; ME, maceration extraction;
E, soxhlet extraction; T, tectoridin; ITB, iristectorin B; ITA, iristectorin A; TN, tec-
origenin; INA, iristectorigenin A; TIF, total isoflavones.
∗ Corresponding author. Tel.: +86 538 8242226; fax: +86 538 8242226.

E-mail address: sdauwangjh@163.com (J. Wang).

383-5866/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.seppur.2011.01.017
I. tectorum.
© 2011 Elsevier B.V. All rights reserved.

extraction (UAE) has been proved to possess abilities of significantly
decreasing extraction time and increasing extraction yields in many
natural products [13–15].

So far, UAE has been widely applied to extract active com-
pounds such as flavonoids [16,17], alkaloids [18], steroids [19]
and anthraquinones [20,21] from plant materials. The aim of the
present paper reported is to evaluate the influence of main extrac-
tion conditions including extraction solvent, solvent concentration,
temperature, solvent to solid ratio, ultrasound power, extraction
time and particle size on the yield of five isoflavones from I. tecto-
rum.

2. Experimental

2.1. Reagents and materials

All organic solvents used for UAE extraction were of analytical
grade and purchased from Tianjin Chemical Factory, Tianjin, China.
Acetonitrile used for HPLC was of chromatographic grade (Fisher
Scientific, USA), and water used was redistilled water. Tectoridin,
iristectorin B, iristectorin A, tectorigenin and iristectorigenin A
were obtained from the authors’ laboratory. Their structures were
identified by Nuclear magnetic resonance (1H NMR and 13C NMR),
each at over 98% purity as determined by HPLC.
The roots of I. tectorum were collected from the Medicinal
Plant Farm of Shandong Agricultural University in Aug 2009, Taian,
China, and were identified by Doctor Jianhua Wang (College of
Agronomy, Shandong Agricultural University). The herb was pul-
verized into powder form by a disintegrator (Taisite Instrument

dx.doi.org/10.1016/j.seppur.2011.01.017
http://www.sciencedirect.com/science/journal/13835866
http://www.elsevier.com/locate/seppur
mailto:sdauwangjh@163.com
dx.doi.org/10.1016/j.seppur.2011.01.017
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Fig. 1. Chemical structures of tectoridin, iristecto

ompany, Tianjin, China) then sieved with stainless steel sieves to
lassify the particle size. The powdered samples were oven-dried
t 65 ◦C for 12 h, and then kept in a dry and dark place until use.
ll UAE, ME, and SE experiments were prepared and analyzed in

riplicate.

.2. Apparatus

.2.1. Ultrasonic instrument
For the ultrasound-assisted extraction experiments, an ultra-

onic bath was used as an ultrasound source. The bath (KQ-250DE,
unshan Ultrasound Co. Ltd., China) was a rectangular container

300 × 240 × 150 mm), to which 40 kHz transducers were annealed
t the bottom. The bath power rating was 250 W on the scale of
–10.

.2.2. High-performance liquid chromatography (HPLC) system
The HPLC equipment used is Waters 600E (USA) HPLC sys-

em including a 4-Solvent delivery system 600E start-up kit, a
00 pump, 0–20 mL/min, a 2996 photodiode array detector, an
mpower Add-on Single System, China, a Degasser in-line 4-
hamber, and a 600E controller.

.3. Extraction methods

.3.1. Ultrasound-assisted extraction (UAE)
The extraction of five isoflavones from I. tectorum by ultra-

ound was performed by employing various different extraction

onditions including solvents: chloroform, ethyl acetate, ethanol,
ethanol and water; percentage of methanol in water: 50–90%;

emperature: 15–65 ◦C; solvent to solid ratio: 5–50 ml/g; ultra-
ound power: 100–250 W; extraction time: 5–60 min; particle size:
0–100 mesh.
in A (INA)

iristectorin A, tectorigenin and iristectorigenin A.

2.3.2. Maceration extraction (ME)
ME was performed with 1.0 g (60–80 mesh) of dried samples

and 100 ml of 70% methanol. Then mixed them at room temper-
ature three times, each for 6 h. The extracts were combined and
concentrated by a rotary vacuum evaporator. All solutions were
filtered through 0.22 �m membrane filter before direct injection
into the HPLC system.

2.3.3. Soxhlet extraction (SE)
60–80 mesh powder of 1.0 g was extracted with 100 ml

methanol using Soxhlet apparatus for 6 h. The extract was then con-
centrated using rotary vacuum evaporator. SE was performed as a
control for comparison with UAE.

2.4. HPLC analysis

HPLC analysis of the crude extract was performed with Hypersil
C18 column (250 mm × 4.6 mm, i.d., 5 �m) at room tempera-
ture. The gradient elution system consisted of A (acetonitrile)
and B (water), 17% A at 0–10 min, 17–46% A at 10–25 min,
46% A at 25–33 min. All solvents were filtered through a
0.22 �m filter prior to use. The sample injection volume was
20 �l. The flow rate was kept at 1.0 ml/min, and the efflu-
ents were monitored at 265 nm by a photodiode array detector.
Under the above conditions, the chromatograms of standard
and ultrasonically extracted I. tectorum are shown in Fig. 2.

The chromatographic peaks of T, ITB, ITA, TN and INA were
confirmed by comparing their retention time and UV spectra
with those of the reference standards. Quantification was car-
ried out by the integration of the peak using external standard
method.
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favorable to extraction. However, some degradation processes
may occur at high temperature, and then lower recoveries can
be obtained. Finally, 45 ◦C was used as the extraction tempera-
ture.
ig. 2. The HPLC chromatograms of the standard mixture solutions and samples.
a) Standard substances; (b) crude extract by UAE from I. tectorum. Peaks T, ITB, ITA,
N and INA correspond to tectoridin, iristectorin B, iristectorin A, tectorigenin and
ristectorigenin A, respectively.

.5. Extraction yield determination

The extraction efficiency of UAE method and conventional
xtraction methods were evaluated using the extraction yield as
ndex, which were calculated according to the following equation:

ield (mg/g) = weight of isoflavones extracted (mg)
weight of dried sample (g)

. Results and discussion

.1. Selection of solvents in UAE

The selection of the most appropriate solvent for extracting
he compounds of interest from the sample matrix is an essen-
ial step for developing any extraction method. The five different
olvents (chloroform, ethyl acetate, ethanol, methanol and water)
ere tested under the same conditions: sample of 0.5 g, tempera-

ure of 25 ◦C, solvent to solid ratio of 50 ml/g, ultrasound power
f 175 W, extraction time of 30 min and particle size of 40–60
esh. The results were summarized in Table 1. The results showed

hat methanol gives the highest extraction yields, followed by
ater and ethanol. The different extraction efficiencies of these

olvents could be attributed to their differing polarities and vis-
osities.
.2. Effect of solvent concentration

In general, water is not a good solvent for extracting isoflavones,
ut it has been observed that sometimes the addition of small
ercentages of water to the extraction solvent helps to increase
Fig. 3. Effect of the solvent concentration on the extraction yield of isoflavones from
I. tectorum.

the extraction yield of the target compounds from the sample
[22,23]. The five different solvents concentration have been stud-
ied for extracting isoflavones from the matrix of the sample.
The results illustrated in Fig. 3 showed that the highest extrac-
tion yields of T, ITB, ITA, TN, INA and TIF were obtained at 70%
methanol. When the solvent concentration of methanol was above
70%, the extraction yields for five isoflavones decreased. Thus, 70%
methanol was chosen as best solvent in the following extraction
experiments.

3.3. Effect of temperature

The effect of temperature on extraction efficiency was inves-
tigated, since that it impacts the solubility and mass transfer
rate of target compounds in solvent. In this study, six different
temperatures (15, 25, 35, 45, 55 and 65 ◦C) with 70% methanol,
were selected to evaluate the influence of temperature on the
extraction efficiency and quality of isoflavones from I. tectorum.
Other conditions were of 0.5 g sample, solvent to solid ratio:
50 ml/g, ultrasound power: 175 W, extraction time: 30 min, par-
ticle size: 40–60 mesh. Fig. 4 showed the extraction yields of
the five isoflavonoids increased with the increase of extraction
temperature. The extraction yields of T, ITB, ITA, TN and INA
at 45 ◦C were 33.12, 3.34, 5.44, 13.59 and 3.31 mg/g, respec-
tively. But the increasing extraction temperature from 45 to 65 ◦C,
the extraction yields of the dominant components T and TN,
TIF in the herb, were not significant (p > 0.05). The results are
probably because that high temperature can increase the solu-
bility and mass transfer rate of target compounds, which was
Fig. 4. Effect of the temperature on extraction yield of isoflavones from I. tectorum.
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Table 1
Selection of solvents.

Solvent Extraction yield (mg/g)

T ITB ITA TN INA TIF

Chloroform 0.10 ± 0.01 0.04 ± 0.00 0.01 ± 0.00 1.47 ± 0.06 0.41 ± 0.53 2.04 ± 0.59
± 0.01 9.26 ± 0.34 1.63 ± 0.08 12.11 ± 0.35
± 0.12 11.43 ± 0.07 2.38 ± 0.07 20.81 ± 0.38
± 0.06 12.85 ± 0.19 2.96 ± 0.16 50.45 ± 0.67
± 0.12 0.02 ± 0.00 0.12 ± 0.01 28.13 ± 0.63
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Ethyl acetate 1.06 ± 0.07 0.09 ± 0.01 0.07
Ethanol 4.33 ± 0.13 0.37 ± 0.02 2.31
Methanol 28.18 ± 0.48 2.16 ± 0.11 4.31
Water 26.07 ± 0.75 0.27 ± 0.02 1.65

.4. Effect of solvent to solid ratio

In general, a higher solvent volume can dissolve target com-
ounds more effectively and result in a better extraction yield.
he extraction was performed with 70% methanol and 45◦C at
even different solvent to solid ratio of 5, 10, 15, 20, 30, 40 and
0 ml/g, respectively. Other conditions were: 0.5 g sample, tem-
erature: 45 ◦C, ultrasound power: 175 W, extraction time: 30 min,
article size: 40–60 mesh. Data shown in Fig. 5 indicated an obvi-
us increase of extraction yield of the five major isoflavones when
he solvent to solid ratio was increased from 5 to 15 ml/g. When
he solvent to solid ratio was increased from 15 to 50 ml/g, how-
ver, no significant differences between the extraction yields of
, ITB, ITA, INA, and TIF (p > 0.05) was detected. For commercial
pplication, a solvent to solid ratio of 15 ml/g should be optimum
o avoid waste of solvent and bulky handling in the subsequent
rocesses.

.5. Effect of ultrasound power

The effect of ultrasound power on UAE was explored with
olvent to solid ratio at 15 ml/g and other conditions fixed as
entioned previously (sample: 0.5 g, solvent: 70% methanol, tem-

erature: 45 ◦C, extraction time: 30 min and particle size: 40–60
esh). As shown in Fig. 6, the highest extraction yields of T, ITB,

TA, TN, INA and TIF were obtained at ultrasound power of 150 W,
lthough the differences of extraction yields of T, ITB, ITA, TN and
IF were not significant (p > 0.05) at ultrasound power of 125 and
50 W. When the ultrasound power was above 150 W, the extrac-
ion yields for five isoflavones decreased. Therefore, ultrasound
ower of 150 W was suitable for the extraction.

.6. Effect of extraction time
Traditionally, higher extraction yield requires a longer extrac-
ion period. To investigate the influence of extraction time on
ield of isoflavones, 0.5 g sample was extracted at the conditions
f 45 ◦C, 150 W and 7.5 ml of 70% methanol at different time (5,
0, 15, 30, 45 and 60 min). The results shown in Fig. 7 clearly

ig. 5. Effect of the solvent to solid ratio on extraction yield of isoflavones from I.
ectorum.
Fig. 6. Effect of the ultrasound power on extraction yield of isoflavones from I.
tectorum.

indicated that when extraction time increased from 5 to 45 min,
the extraction yields of T, ITB, ITA, TN, INA, TIF increased from
23.63 to 36.78, 2.33 to 3.56, 4.06 to 5.78, 10.45 to 14.80, 2.42
to 3.53, 42.88 to 64.46 mg/g, respectively. However the differ-
ences of the yields of five isoflavones and TIF were not significant
(p > 0.05) when the time of UAE increased from 45 to 60 min.
Because the diffusion front moved towards the interior of the tis-
sues, the diffusion area reduced, diffusion distance increased and
the diffusion rate would decrease accordingly [24]. Therefore, there
was no obviously observed yields change in the prolonged time
periods. Hence, 45 min was chosen as the optimum extraction
time.

3.7. Effect of particle size

A particle size was the key parameter in the extraction pro-
cess. An amount of 0.5 g sample was extracted at the conditions
of 7.5 ml of 70% methanol, 45 ◦C, 150 W and 45 min at different

particle size of 10–20, 20–40, 40–60, 60–80 and 80–100 mesh,
respectively. As shown in Fig. 8, the yields of ITB, ITA, TN and
INA increased to the maximum at 60–80 mesh, while that of
T reached the peak at 80–100 mesh. But the differences of the

Fig. 7. Effect of the extraction time on extraction yield of isoflavones from I. tecto-
rum.
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Table 2
Comparison of UAE with other extraction methods.

Extraction method Extraction yield (mg/g)

T ITB ITA TN INA TIF

MEa 29.89 ± 0.47 2.70 ± 0.09 4.75 ± 0.08 14.60 ± 0.52 3.48 ± 0.13 55.42 ± 0.57
SEb 35.51 ± 1.05 3.23 ± 0.06 5.59 ± 0.06 16.32 ± 1.13 3.67 ± 0.05 64.32 ± 0.86
UAEc 41.36 ± 1.03 3.87 ± 0.03 6.68 ± 0.04 16.41 ± 0.98 3.87 ± 0.12 72.19 ± 2.02
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a Conditions: 1.0 g sample 60–80 mesh, 100 ml of 70% methanol, at room tempera
b Conditions: 1.0 g sample 60–80 mesh, 100 ml methanol for 6 h.
c Conditions: 1.0 g sample 60–80 mesh, 15 ml 70% methanol, 45 ◦C, 150 W, 45 min

ields of T and TIF were not significant (p > 0.05) with increase of
article size from 60–80 to 80–100 mesh. The results indicated
hat the particle size of powder has both positive and negative
nfluence on the yield of extraction. The extraction yields of the
soflavonoids were increased with the particle size decrease. It is
ecause that the higher amount of isoflavonoids was released as
illing destroyed the plant cells, and this amount of isoflavonoids
as extracted easily for direct exposure to the solvent. However,

f the particle size were too small, diffusion would be a difficult
tep in the extraction, which was not valuable for the extrac-
ion of bioactive compounds from natural products [25,26]. Based
n these results, the optimum particle size was set at 60–80
esh.

.8. Comparison of UAE with ME and SE

The selection of an extraction method would mainly depend on
he advantages and disadvantages of the processes, such as extrac-
ion yield, complexity, production cost, environmental friendliness
nd safety. ME and SE are the most frequently used extraction pro-
edures. In this study, UAE was compared with ME and SE for the
xtraction of five isoflavonoids from I. tectorum through the exper-
ments. The conditions of different techniques and their results
re summarized in Table 2. The results showed that, compared
ith ME at 18 h (three time) and SE at 6 h, the highest extrac-

ion yields of T, ITB, ITA, TN, INA and TIF were achieved by UAE
t 45 min. UAE can save a lot of time and solvent as compared to
E and SE method and bring higher yield of isoflavonoids than
E and SE method. Therefore, UAE was proved to be suitable

or the quality control of I. tectorum in the state pharmacopoeia
2].

.9. Stability of UAE method
To study the stability of UAE method for T, ITB, ITA, TN and INA
n I. tectorum, six replicates of the same ground sample (1.0 g) were
rocessed according to the same optimal UAE protocol, i.e. 15 ml
f 70% methanol, 45 ◦C, 150 W, 45 min, 60–80 mesh. The relative

ig. 8. Effect of the particle size on extraction yield of isoflavones from I. tectorum.

[

[

[

[

[

[
[

hree times, each for 6 h.

standard deviations (RSDs) for the determined extraction yields of
the T, ITB, ITA, TN and INA were 1.16%, 0.82%, 0.75%, 1.04% and
1.87%, respectively. The results showed a good stability of UAE
method.

4. Conclusions

Ultrasound technique for the simultaneous extraction of five
isoflavones from I. tectorum was investigated. Compared with
ME and SE, UAE has been proved to be a high yield and
low solvent consumption for extraction of isoflavones from
I. tectorum. It is important to note that the extraction time
of UAE is significantly shortened. In this paper, the opti-
mal UAE conditions found were: 70% (v/v) methanol solution,
temperature 45 ◦C, solvent to solid ratio 15 ml/g, ultrasound
power 150 W, extraction time 45 min and particle size 60–80
mesh. The extraction yields of tectoridin, iristectorin B, iris-
tectorin A, tectorigenin, iristectorigenin A and total isoflavones
were 41.36, 3.87, 6.68, 16.41, 3.87 and 72.19 mg/g, respec-
tively. The applicability of UAE to the extraction of other
isoflavones from the tissue of other medicinal plants is also
expected.

Acknowledgements

Financial support from State Key Laboratory of Crop Biology and
Shandong Key Laboratory of Crop Biology are gratefully acknowl-
edged.

References

[1] Y.T. Zhao, Flora Reipublicae Popularis Sinicae, Science Press, Beijing, 1985, pp.
180–182.

[2] The State Pharmacopoeia Commission of the People’s Republic of China, Phar-
macopoeia of the People’s Republic of China, vol. I, Chemical Industry Press,
Beijing, 2010, pp. 38–39.

[3] Y.X. Wu, L.X. Xu, Acta Pharm. Sin. 27 (1992) 64–68.
[4] P. Shu, J.L. Hong, G. Wu, B.Y. Yu, M.J. Qin, Chin. J. Nat. Med. 8 (2010) 202–

207.
[5] C.J. Yuan, J. Wang, S. Chen, S. Luo, X.M. Xu, Nat. Prod. Res. Dev. 20 (2008)

444–446.
[6] K. Seki, T. Tomihari, K. Haga, R. Kaneko, Phytochemistry 37 (1994) 807–

815.
[7] R. Fang, P.J. Houghton, C. Luo, P.J. Hylands, Phytochemistry 68 (2007)

1242–1247.
[8] K. Seki, T. Tomihari, K. Haga, R. Kaneko, Phytochemistry 36 (1994) 433–438.
[9] K. Takahashi, Y. Hoshino, S. Suzuki, Y. Hano, T. Nomura, Phytochemistry 53

(2000) 925–929.
10] J.F. Wang, C.Y. Yang, Y.P. Zhang, M.X. Hou, F. Wang, G.Y. Wang, S.H. Wang, Tradit.

Chin. Drug Res. Pharmacol. 21 (2010) 113–115.
11] D. Wozniak, B. Janda, I. Kapusta, W. Oleszek, A. Matkowski, Gen. Tox. Environ.

Mut. 696 (2010) 148–153.
12] R. Fang, P.J. Houghton, P.J. Hylands, J. Ethnopharmacol. 118 (2008) 257–

263.
13] G. Cuoco, C. Mathe, P. Archier, F. Chemat, C. Vieillescazes, Ultrason. Sonochem.
16 (2009) 75–82.
14] K. Vilkhu, R. Mawson, L. Simons, D. Bates, Innov. Food Sci. Emerg. Technol. 9

(2008) 161–169.
15] S.N. Zhao, K.C. Kwok, H.H. Liang, Sep. Purif. Technol. 55 (2007) 307–312.
16] M.A. Rostagno, M. Palma, C.G. Barroso, J. Chromatogr. A 1012 (2003) 119–

128.



5 ificati

[
[
[

[

[
[

[
(2006) 147–151.
4 Y. Sun et al. / Separation and Pur

17] Y. Yang, F. Zhang, Ultrason. Sonochem. 15 (2008) 308–313.
18] A. Djilani, B. Legseir, Fitoterapia 76 (2005) 148–152.

19] Y.J. Sun, G.P. Ma, X.Q. Ye, Y. Kakuda, R.F. Meng, Ultrason. Sonochem. 17 (2010)

654–661.
20] S. Hemwimol, P. Pavasant, A. Shotipruk, Ultrason. Sonochem. 13 (2006)

543–548.
21] J.E. Dong, Y.B. Liu, Z.S. Liang, W.L. Wang, Ultrason. Sonochem. 17 (2010) 61–65.
22] G.F. Barbero, A. Liazid, M. Palma, C.G. Barroso, Talanta 75 (2008) 1332–1337.

[

[
[

on Technology 78 (2011) 49–54

23] E. Martino, I. Ramaiola, M. Urbano, F. Bracco, S. Collina, J. Chromatogr. A 1125
24] Z.S. Zhang, L.J. Wang, D. Li, S.S. Jiao, X.D. Chen, Z.H. Mao, Sep. Purif. Technol. 62
(2008) 192–198.

25] U. Salgin, J. Supercrit. Fluid 39 (2007) 330–337.
26] M.K. Khan, M. Abert-Vian, A. Fabiano-Tixier, O. Dangles, F. Chemat, Food Chem.

119 (2010) 851–858.


