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ABSTRACT

Cyclocarya paliurus (Batal.) lljinsk (C. paliurug a very important medicinal herb in traditionahibese medicine
for the treatment of diabetes mellitus. The ainthié study was to develop an optimum extractionhotetof

flavonoids from C. paliurus by reflux extractionttgonal experimental design was used to deterrhiaeptimal

extraction parameters for flavonoids from C. palsirThe results showed that the maximum yields wbrflzds

(31.1640.96) mg/g could be obtained when the eximacime was 2 h, the extraction temperature was @, the

ratio of material to solvent was 1:30 (g/mL) and’8@thanol was used. In summary, this study proasesfficient

reflux extraction for flavonoids from C. paliurushich can be used as natural products in the phaeuntical and

functional food industries.
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INTRODUCTION

Cyclocarya paliurugBatal.) lljinsk, C. paliurug commonly known as “sweet tea tree,” is a kindrafdicinal herb
which is widely used in China to treat diabeteslitosl In addition,C. paliurusantihyperglycemic herbal tea is the
first health tea from China which has been approyedhe United States Food and Drug Administrafibi2].
Many studies have demonstrated tRatpaliurus possesses a variety of bioactivities, includingpdglycemic,
antihypertensive, hypolipidemic, antioxidant adiivetc[3-4]. Chemical studies have shown that the plantains
polysaccharides, flavonoids, triterpenoids, prqtsiaroids, saponins and phenolic compounds [5-6].

As the research on natural products attracts isgrgaattention, flavonoids i€. paliurushave gradually become a
research focus [7]. Extraction is a critical pracésr isolating the effective components in plamtsvariety of
innovative methods are used for extracting flavdadromC. paliurus[8-9]. While the reflux extraction method is
still widely used due to its simplicity, stabilitgnd efficiency. Despite its widespread use, thgpnapriate
conditions such as high extraction temperatur®@g kextraction time may destroy the structure efftavonoids in

C. paliurus and thus decrease their bioactivities [10]. In gresent study, we aimed to develop an optimum
extraction method of flavonoids frof. paliurusby reflux extraction. We used orthogonal experitakdesign to
determine the optimal extraction parameters foroffeds from C. paliurus Several factors including the
concentration of solvent ethanol, extraction tir&traction temperature and the ratio of materiakxtraction
solvent were taken into consideration.

EXPERIMENTAL SECTION
Chemicals and Instruments

UV8000 U\-visible spectrophotometer (Shanghai Precision unsémt Co., Ltd, China.); RE 52-86A rotary
evaporator (Shanghai Yarong Biochemical Instrumiacttory, China.). Rutin (HPLC purity>98%, Shanghai
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Ronghe Medicine Science and Technology Develop@ent Ltd., China.). All other chemicals and reagemsed
were of analytical grade.

Plant material
Cyclocarya paliurus (Batal.) lljinskeaves were collected in Zhangjiajie, Hunan proginChina and authenticated

by Dr. Chongmei Xu from the Department of Pharmasy of Weifang Medical University.

Single factor experiment design

Under defined extraction time (0.5, 1, 2, 3, 4temperatures (50, 60, 70, 80 and 90 °C), ethanatertrations
(50%, 60%, 70%, 80% and 90%) and material to etitmacsolvent ratios (1:10, 1:20, 1:30, 1:40 andOlgdmL),
approximately 5 g of the pretreat€d paliuruspowder was extracted. Then, the extracted solwtias filtered and
concentrated using a rotary evaporator at reducesspre to make a final volume of 100mL.

Orthogonal array experimental design

An orthogonal experiment [(3)*] test design was used to optimize the extractmmditions of flavonoids fronT.
paliurus by reflux extraction[11,12]. As seen in Table inenexperiments were conducted with four factors] a
three levels per factor on the basis of singlediaetxperiments. The effects of extraction time, #xtraction
temperature, the ratio of material to extractiolvesat and the best concentration of ethanol oreettin yield were

investigated.
Table 1: Design of orthogonal experiment

Factors
A B C D
1 60 70 1 1:20
2 70 80 2 1:30
3 80 90 3 1:40

Levels

A: Ethanol concentration (%); B: Extraction temgara (C); C: Extraction time (h); D: Extraction ratio of
material/solvent (g/mL).

Determination of flavonoid contents

Flavonoids contents were determined using the aumi chloride colorimetric method. The procedure was
performed according to the method of Hsieh [13]hwét minor modification. In brief, 0.5 mL of the eatts
prepared at various concentrations (0.01, 0.09),00150 and 1.00 mg/mL) were reacted with 0.40 ml5%
sodium nitrite, and the solution was mixed and @thtor 6 min. Then 0.40 mL of 10% aluminum chlorides
added and another 6 min was needed after mixinger Afie addition of 4.00 mL of 4% sodium hydroxidiee
mixture was diluted to 10.00 mL with 95% ethanodaplaced for 10 min at room temperature. Finalhge t
absorbance of the mixture was measured at 390 ntin Ras used as the standard.

RESULTSAND DISCUSSION

Single-factor experimental analysis

Effect of extraction time on the extraction yielflavonoids

To determine the effect of extraction time on th&action yield of flavonoids, experiments werergd out in a
round-bottom flask at 80°C with 70% ethanol andaerial/solvent ratio of 1:30. The result in Figintlicates that
the yield of flavonoids increased rapidly beforle @nd slowly from 2 to 4 h.
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Fig.1. Effect of extraction time on the extraction yield of flavonoids
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Effect of temperature on the extraction yield a¥@inoids

The temperature is another important factor affigctine yield of flavonoids. Therefore, in the presestudy,
temperatures of 50, 60, 70, 80 and 90°C were eteluar their influence on the yield of flavonoidss shown in
Fig.2, when the extraction time, ethanol conceitnaand material/solvent ratio were set at 2 h, 20% 1:30 g/mL,
respectively, the flavonoids extraction yield iresed from 14.49% to 18.56% as the temperaturedsecefrom
50°C to 80°C, while decreased at 90°C. This phemamemay be caused by the thermal instability of esom

flavonoids.
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Fig.2. Effect of temperature on the extraction yield of flavonoids

Effect of material/solvent ratio on the extractigeld of flavonoids

As shown in Fig.3, the effect of the material/soliveatio on the yield of flavonoids was investightélere, the
material/solvent ratio ranged from 1:10 to 1:50n(g), while the other extraction parameters weréolews: 70%
ethanol, extraction temperature 50°C and treatntiem® 2 h. The results showed that the maximum yid
flavonoids was increased as the material/solvetih facreased, but increased slowly when the malfsdlvent

ratio was over 1:30.
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Fig.3. Effect of material/solvent ratio on the extraction yield of flavonoids

Effect of ethanol concentration on the extractiggidyof flavonoids

Because of the complexity of the chemical structfrlavonoids, the effect of the ethanol concetitres on the
yield of flavonoids was investigated. Here, theaethi concentrations ranged from 50% to 90%, whike dther
extraction parameters were as follows: extract@mperature 50 °C, treatment time 2 h and matesla#sat ratio
1:30. The results in Fig.4 showed that the maxinyietd of flavonoids was increased as the mateidaiil ratio
increased, but increased slowly when the mateolakst ratio was over 1:30.
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Fig.4. Effect of ethanol concentration on the extraction yield of flavonoids
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Orthogonal analysis

To reduce the number of experimental trials andewstdnd the interactions between factors, an oothalgarray
experimental design was used to optimize the basaaion of flavonoids fronC. paliurus The extraction time,
extraction temperature, concentration of ethanal #e ratio of material to solvent were considessdmportant
factors during the extraction process of the samplée orthogonal experimental design and the rangéysis are
shown in Table 2. According to the range values (R influence of the different factors on thelgief flavonoids
was B>A>D>C. Thus, the optimal condition was a coration of A3B2C2D2, namely, 80% ethanol, 80 °Qy &nd
a material/solvent ratio of 1:30. Under these cboi$, an extraction yield of (31.16+0.96) mg/g eahieved.

Table 2: Design and results of orthogonal experiment

Yield of
Number A B C D flavonoids

(mg/g)
1 60 70 1 1:20 20.26
2 60 80 2 1:30 26.52
3 60 90 3 1:40 25.05
4 70 70 2 1:40 24.01
5 70 80 3 1:20 26.50
6 70 90 1 1:30 26.87
7 80 70 3 1:30 25.00
8 80 80 1 1:40 28.99
9 80 90 2 1:20 28.20
K 23.94 23.09 2537 24.99
k, 25.79 27.34 26.24 26.13

2

k, 27.40 26.71 2552 26.02
R 3.45 4.25 0.87 1.14
A: Ethanol concentration (%); B: Extraction tempena (C); C: Extraction time (h); D: Extraction proportioof sample/solvent (g/mL).

CONCLUSION

The reflux extraction has been suggested as a grwdction process for isolating flavonoids fr@&@n paliurus
Through the orthogonal experimental, four factorsliding the extraction time, extraction temperatihe best
concentration of ethanol and the ratio of matedadolvent for reflux extraction @. paliuruswere optimized. This
research provides a reference for the large-seaitaation of flavonoids fron€. paliurus Hence,C. paliurusmight
be explored as a new source of natural product.
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