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Abstract

The objective of the paper is to achieve full utilization of Fructus Choerospondiatis resour ces,
and optimize the extraction process of polyphenals, the active constituents in Fructus Choero-
spondiatis. Extraction was performed by enzymatic method with total polyphenol content asthe
investigation indicator, process conditions wer e optimized using orthogonal design, and the con-
tent of gallic acid after enzymatic extraction was determined by HPLC. As results, optimal ex-
traction process of total polyphenolswas as follows. extraction time of 2 h, temperature of 65C,
enzyme dosage of 1.5%, pH of 6.0, liquid-solid ratio of 45, and total polyphenol extraction rate
of 9.923%. In conclusion, the method presented is simple and feasible, which is superior to con-
ventional solvent extraction methods, and thus can be used as the extraction process of total
polyphenolsin Fructus Choerospondiatis.
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Introduction to lack of optimization of extraction process ofepblic
constituents inFructus Choerospondiatis. In this study,

Fructus Choerospondiatis is the dried ripe fruit ofCho-  active constituents ifrructus Choerospondiatis was ex-
erospondias axillaris (Roxb.) Burtt et Hill in the family tracted using cellulase, with the aim of exploragnore
Anacardiaceae, which is a conventional medicinalema efficient method for extraction of polyphenols fréruc-
rial used by the Mongolian nationality, it has anti tus Choerospondiatis, meanwhile, a HPLC method for
myocardial ischemic, cardiac function protectived an determination of gallic acid content after enzymak-
other related actions [1]. There are abundant resswof traction was established, and the quality contraeica
Fructus Choerospondiatis in China, which are mainly for Fructus Choerospondiatis extract, a Tibetan medicine,
distributed in Guangxi and Guangdong, the herbdera  were developed, providing the basis for induspraduc-
ventional medicine among Mongolian and Tibetan peotion of Fructus Choerospondiatis extract.

ple, constituent analyses Bfuctus Choerospondiatis in .

the literatures have revealed that the herb comiincha- | Nstrumentsand Materials

rides, amino acids, organic acids, tannins, steflalgon- . . . .
o . L ' Agilent 1200 series DAD HPLC system. Gallic acid re
oids and phenols [2-5]. Modern studies have shavan t erence substance (National Institute for the Cdnifo

total flavonoids have a significant role in theatreent of Pharmaceutical and Biological Products, batch No.

cardiovascular diseases, and phenolic acids, sugalac 140897-201415, used for content determination); EIPL

acid, also has significant antioxidant, free raddeeav- o
enging and platelet aggregation inhibiting effeatsd grade methanol,_ double distilled water, other resge
were all of analytical grade.

anti-hypoxia activity [6-9].

Fructus Choerospondiatis was provided by Beijing Tong
There have been many reports on the determination &en Tang Pharmacy, which was identified by Zhang
total flavonoids content iffructus Choerospondiatis, but ~ Qingsheng, a researcher of Chengdu Institute o&iBot
the HPLC determination of its gallic acid conterssh as the dried ripe fruit c€hoerospondias axillaris (Roxb.)
been less studied, moreover, the gallic acid contas  Burtt et Hill in the family Anacardiaceae; celludasvith
relatively low. The relatively low content of gallacid in  an activity of 750 U/mg, was provided by Guangzhou
Fructus Choerospondiatis by HPLC determination is due Kete Biotechnology Co., Ltd.
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M ethods and Results methanol, and shaken well to serve as the reference
solution. 0.5, 5, 10, 15, 20, 2& of reference solution,
HPLC Determination of gallic acid in Fructus Choero-  as well as SuL of stock solution were aspirated, and
spondiatis injected separately into the liquid chromatograph,
Chromatographic conditions chromatograms were recorded, and peak areas were
Column: Gg (200 mm x 4.6 mm, fm), mobile phase: measured. Linear regression was performed with peak
methanol-0.2% phosphoric acid (5:95), flow rated 1. area (A) as the ordinate and gallic acid amouf) (
mL/min, column temperature: 25, detection wave- as the abscissa, the regression equation was
length: 273 nm, injection volume: 10L. Number of Y=3852.6X-0.5429, r=0.9998. The results revealed
theoretical plates was calculated to be not leas h000 that the injection amount of gallic acid was in @od
based on the gallic acid peak. Under such chromadmearity with the peak area within a range of
tographic conditions, the retention time of gadiitid peak 0.0280~2.79%g.
in the chromatogram of sample was consistent vathee

sponding reference substance. Determination
_ _ 600 g of dried (40 mesh-sievedjructus Choero-
Preparation of reference solution spondiatis was weighed, and extracted enzymatically

Appropriate amount of gallic acid reference substan as per the conditions listed in orthogonal tabléteA
which was dried under reduced pressure with phasigho suction filtration, the filtrate was extracted with
pentoxide for over 12 h, was accurately weighed] anbutanol, evaporated to dryness, and diluted tomhaek
added with 50% methanol to prepare au@bnL solution, in a 25 mL volumetric flask with 50% methanol. 5 mL

which was the reference solution. of sample was weighed, and gallic acid content was
) ) measured, followed by calculation of extractionerat
Preparation of test solution (extraction rate = mass of dissolved constituemmss

0.1 g of driedFructus Choerospondiatis powder was ac- ¢ dry material x 100%).
curately weighed, placed in a stoppered conicakfla
added precisely with 50 mL of 50% methanol, WeighedSingle-factor experiments

heated under reflux for 60 min, and let cool, thesighed | nfjyence of time on total polyphenol extraction rate
again, followed by recovery of weight loss with 50% gyiraction was carried out once every half houreuritie
methanol. After shaken well, superatant was &lfer congitions of liquid-solid ratio of 35: 1 (mass icabe-
through microporous membrane (0.4n9, and subse- yeenFructus Choerospondiatis and water), enzyme dos-
guent filtrate was collected, which was the te&ttsm. age of 2% the mass &Fructus Choerospondiatis, pH of

Plotting of standard curve 5.0 and extraction temperature of ‘G5 the amount of

27.95 mg of gallic acid reference substance was-acc 9allic acid in the extract was determined, andti@iahip
rately weighed, placed into a 50 mL volumetric kas Curve between time and extraction rate was plotieel
dissolved in methanol and diluted to the mark, and®Sults areé shown in Figure 1. As can be seen, afraiu
shaken well to serve as the stock solution: 1 mL ofallic acid increased gradually with increasingrastion

stock solution was precisely weighed, placed inttoa time, but after 2 h, the amount was substantiallystant.
mL volumetric flask, diluted to the mark with 509 SO extraction time was selected between 0.5-2 h.
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Figure 1. The Effect of time on yield of Gallic acid
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Figure 2. The Effect of temperature on yield of Gallic acid

I nfluence of temperature on gallic acid extraction rate

The influence of temperature on extraction rate wess-
tigated at a liquid-solid ratio of 35: 1, enzymesdge of
2% the mass dfructus Choerospondiatis, pH of 5.0 and
extraction time of 2 h, and the amount of galliclao the
extract was determined, the results are shownguar€gi2.

Influence of enzyme dosage on total polyphenol extrac-
tion rate

The influence of enzyme dosage on extraction rae w
investigated at a liquid-solid ratio of 35: 1, pH%:0, ex-
traction time of 2 h and extraction temperatures5t_,
and relationship curve between enzyme dosage and e

As can be seen, when the extraction temperatureb@as traction rate was plotted, the results are showRigure
tween 35~6%, gallic acid amount gradually increased 3. As can be seen, when the enzyme dosage waseretwe

and reached a maximum, but after@5gallic acid con-
tent declined sharply. So extraction temperature se&
lected between 35~65.

0.5~2%, gallic acid content increased gradually, ater
the dosage reached 2%, gallic acid content fladteng.
So enzyme dosage was selected between 0.5~2%.
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Figure 3. The Effect of cellulose amount on yield of Gallic acid

Influence of pH on gallic acid extraction rate

The influence of pH of solution was investigatediemthe
conditions of liquid-solid ratio of 35: 1, enzymesage of
2%, extraction time of 2 h and extraction tempeginf
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65°C, as can be seen from Figure 4, when pH rose frém 4
to 6.5, total polyphenol content increased gragiuatid

reached a maximum, then decreased. So pH wasesklect
between 4.5~6.0 for extraction of total polyphenol.
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Figure 4. The Effect of pH value on yield of Gallic acid

Influence of solid-liquid ratio on gallic acid extraction rate and four levels, in order to further determine dipropri-
The influence of solid-liquid ratio on extractioate was ate extraction conditions. The factors and levelsduare
investigated under the conditions of liquid-solatio of shown in Table 1, the experimental results andyaisal
35: 1, enzyme dosage of 2%, extraction time of 241, are shown in Table 2.

traction temperature of 85 and pH of 6.0, the results are

shown in Figure 5. As can be seen, gallic acid emint Based on the results of range analysis, the degriedu-
reached a maximum at a solid-liquid ratio of 4B#.the ence of factors was determined as: A> C> D> B>Iie T

appropriate range of solid-liquid ratio was 15~45.

Orthogonal experiment
On the basis of the above single-factor experimemisr-  and solid-liquid ratio of 45, the results were baly
action between various factors was investigated4l)  consistent with the single-factor experiments, dhémal
orthogonal experiment was conducted with five fexto extraction rate was 9.923%.

best combination was s8:C.DsE4, which meant that the
optimal process conditions were: extraction tenipeea
of 65C, time of 2 h, pH of 6.0, enzyme dosage of 1.5%

The yield of extraction (%)

T

/ S

/

—

o1 o1 & 01 3 o1 co Ol

15 20 25

30

35 40 45 50 55 60 65
Liquid/solid

Figure 5. The Effect of liquid/solid on yield of Gallic acid

Table 1. Factorsand levels

Factor
Level A B C D E
Temperature (C) pH value Solid-liquid ratio Enzyme dosage (%) Time (h)

1 35 4.5 1:15 0.5 0.5

2 45 5.0 1:25 1.0 1.0

3 55 55 1:35 15 15

4 65 6.0 1:45 2.0 2.0
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Table 2. Orthogonal experimental results

Test No. A B C D E Extraction rate (%)

1 1 1 1 1 1 5.382
2 1 2 2 2 2 5.910
3 1 3 3 3 3 7.563
4 1 4 4 4 4 8.010
5 2 1 2 3 4 6.701
6 2 2 1 4 3 6.240
7 2 3 4 1 2 7.132
8 2 4 3 2 1 6.641
9 3 1 3 4 2 7.959
10 3 2 4 3 1 7.361
11 3 3 1 2 4 7.561
12 3 4 2 1 3 8.524
13 4 1 4 2 3 9.601
14 4 2 3 1 4 9.420
15 4 3 2 4 1 9.731
16 4 4 1 3 2 8.271
Ky 6.716 7.411 6.864 7.614 7.279

K, 6.678 7.233 7.716 7.428 7.318

Ks 7.851 7.997 7.896 7.474 7.982

Ky 9.256 7.861 8.026 7.985 7.923

R 2.578 0.764 1.162 0.557 0.703

Table 3. ANOVA table

Factor Sum of squared deviations Degreesof freedom Fratio F critical value Significance
A 17.729 3 19.087 3.290 *

B 1.576 3 5.540 3.290 *

C 3.289 3 14.651 3.290 *

D 0.765 3 9.874 3.290 *

E 1.722 3 2.098 3.290

Error  25.08 15

Table 4. Verification test

Enzyme addition group Extraction rate (%) Non-enzyme addition group Extraction rate (%)

1 9873 1 4.234

2 9.876 2 4.342

3 10.02 3 4.239

Mean 9.923 Mean 4.272

Verification test the enzyme addition group as compared with the non-

According to the results of orthogonal experimamzy- enzyme addition group.

matic hydrolysis process was tested three repédiied, o

meanwhile, in the absence of enzyme, three teste weSample determination N

done on extraction process according to the opichiz Under optimal extraction process conditions, sarmzies
orthogonal experimental conditions, the resultsshewn ~ €xtracted, and test solution was prepared andtégento

reproducibility, but extraction rate increased By0%o for in Figure 6.
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Figure 6. HPLC chromatograms of gallic acid refrence substance (A), sample after hydrolysis (B),
and sample before hydrolysis
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Discussion

Gallic acid is a type of phenolic acid, which isdefy
distributed in nature, and exists in a variety amilies
and genera of plants [10-12]. It possesses sigmific
pharmacological activities, such as antioxidantfi-an
cancer and anti-bacterial properties [13-15]. Tiees
gallic acid is in great demand, and used as the ative
ingredient in a variety of formulations, for exampRe-
linging Granule, Xipayi Mouth Rinse, Zhenzhu
Kouchuang Orally Disintegrating Tablets, Qingse ésih

maerjiang Qing Powder and Fuming Capsule which ai

commonly seen in Chinese market gallic acid all gele
lic acid as the main active ingredient. So the ergtion
of method for efficient extraction of gallic acid very
necessary.

6.

8.

The present experiment explores the method formaextr 9.

tion of active constituents dfructus Choerospondiatis
using HPLC analysis, the experimental results sttt
the HPLC determination of gallic acid Kructus Choero-

spondiatis allows homogeneous solution system, as well0

as working curve with good linearity. Enzymatic hylg-
sis with cellulase can break dowrD-glucose bond in
plants more gently, damage cell walls, decompoaatpl
tissues, and accelerate the release of active inmETds,
thereby improving the extraction yield. The vedtion
test finds that the enzymatic extraction can imprdve
extraction rate by 43.0%. Enzymatic extraction does
require the use of organic solvents, so it is emviten-
tally friendly, and easy to achieve green indukpriaduc-
tion.

In this study, a method for HPLC determination aflig
acid content inFructus Choerospondiatis extracted with
cellulase is established, the method is simple acul-
rate, which meets the requirements for quality brdf
gallic acid inFructus Choerospondiatis extract after cel-
lulase extraction.
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