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ABSTRACT

Objectives : This study was aimed to compare Gyejibokryeong-hwan (GBH) decoctions produced using different 

pressure levels for various extraction times to find the optimal extraction conditions through extraction yield, 

total soluble solids content (TSSC), hydrogen ion concentration (pH), and the contents of chemical compounds.

Methods : Decoctions of GBH were prepared under the pressure levels of 0 or 1 kgf/㎠ for 30–180 min using 

water as extraction solvent. The extraction yield, TSSC, and pH were measured, and the amounts of the 

chemical compounds were determined using high performance liquid chromatography-photodiode array detector.

Results : The higher pressure and longer extraction time increased the values of TSSC and extraction yield, 

while decreased the pH value. The decoctions produced in 180 min by pressurized method and produced in 150 

min by non-pressurized method showed maximum values of extraction yield and TSSC with minimum value of 

pH. The amounts of chemical compounds showed variations in pressurized and non-pressurized decoction during 

overall extraction times. The influences of pressure and extraction time on extraction yield, TSSC, pH, and the 

contents of chemical compounds were confirmed by regression analysis, which showed that all extraction values 

were significantly affected by at least one of two extraction factors, pressure and extraction time.

Conclusions : This study suggests that the pressure and extraction time can significantly affect the extraction 

efficiency of components from GBH decoctions. However, optimal extraction conditions could not be chosen due 

to the variation of the amounts of chemical compounds.

Key words : Gyejibokryeong-hwan, extraction factor, extraction yield, total soluble solids content, chemical 

compounds, regression analysis

Introduction1)

Gyejibokryeong-hwan (GBH), a traditional herbal 

formula, consists of five herbal medicines, including 

the twig of Cinnamomum cassia (Nees & T. Nees) J. 

Presl, the sclerotium of Poria cocos F.A. Wolf, the 

root bark of Paeonia suffruticosa Andrews, the root of 

Paeonia lactiflora Pall., and the seed of Prunus persica 

Batsch. GBH has been clinically used to treat gynaecological 

diseases such as uterine myoma, hysteromyoma, and 

hot flushes1-3).

Decoction is the extract which is prepared by heating 

the mixture of herbal medicines with water and is 

most used dosage form of herbal formula because of 

its convenient and rapid administration. As decoction 

is produced by heating the materials, various extraction 

factors, such as temperature, extraction time, solvent 

type, or pressure, can affect the extraction efficiency 

of constituents from the herbal medicines. Generally, 

higher pressure and longer extraction time can produce 

elevated amounts of chemical components from herbal 
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medicine4,5). Finding optimal extraction conditions by 

adjusting extraction factors such extraction time, 

temperature, or pressure have been issued6-8). However, 

the influence of those extraction factors, including 

pressure or extraction time, on the changes of components 

in herbal decoction has not been investigated.

In the present study, the GBH decoctions were 

prepared by using pressurized (1 kgf/㎠) or non-pressurized 

condition (0 kgf/㎠) for extraction times from 30 min 

to 180 min with extraction temperature maintained at 

100 ℃. The extraction yield, total soluble solids content 

(TSSC), and hydrogen ion concentration (pH) were 

compared. The quantification of GBH decoction was 

performed using high performance liquid chromatography 

coupled with photodiode array detector and the 

contents of chemical compounds were also compared. 

The influence of extraction factors on extraction 

variables, such as extraction yield, TSSC, pH, or the 

content of each chemical compound in pressurized and 

non-pressurized decoction was investigated using 

regression analysis.

Materials and Methods

1. Reagents and herbal materials

HPLC-grade methanol, acetonitrile, and water were 

purchased from J.T. Baker Inc. (Phillipsburg, NJ, USA). 

Gallic acid, amygdalin, benzoic acid, coumarin, and 

cinnamic acid were purchased from Sigma-Aldrich (St 

Louis, MO, USA). Oxypaeoniflorin and benzoylpaeoniflorin 

were purchased from Chengdu Biopurify Phytochemicals 

Ltd. (Chengdu, China). Albiflorin, paeoniflorin, 

cinnamaldehyde, and paeonol were obtained from 

Wako Pure Chemical Industries Ltd. (Osaka, Japan). 

The purity of all marker compounds was > 98% and 

their chemical structures are shown in Fig. 1.

Fig. 1. Chemical structures of 11 standard compounds in 
Gyejibokryeong-hwan (GBH). 1: Gallic acid, 2: oxypaeoniflorin, 3: 
amygdalin, 4: albiflorin, 5: paeoniflorin, 6: benzoic acid, 7: 
coumarin, 8: cinnamic acid, 9: benzoylpaeoniflorin, 10: 
cinnamaldehyde, 11: paeonol.

The herbal medicines were purchased from the herbal 

medicine company Kwangmyungdang Medicinal Herbs 

(Ulsan, Korea). A voucher specimen (2014-KE31-1–5) 

has been deposited in the Herbal Medicine Formulation 

Research Group of the Korea Institute of Oriental 

Medicine. Herbal composition of GBH is shown in 

Table 1.

Table 1. Composition of herbal medicines of Gyejibokryeong-hwan 
(GBH)

Herbal medicine Original region Amount (g)

Cinnamomum cassia (Nees & T. 

Nees) J. Presl
Vietnam 3.75

Poria cocos F.A. Wolf Gangwon, Korea 3.75

Paeonia suffruticosa Andrews Chungbuk, Korea 3.75

Paeonia lactiflora Pall. Gyeongbuk, Korea 3.75

Prunus persica Batsch South Africa 3.75

2. Preparation of standard solutions 

Accurately weighed standard compounds were dissolved 

in methanol to produce stock solutions at concentrations 

of 1 mg/mL. Each stock solution was diluted to make 

working solutions, which were used to construct calibration 

curves.

3. Preparation of GBH decoctions and samples

The mixture of herbal medicines composing GBH 

(750 g corresponding to double amount of one formula 

set, 'Je' in Korean) were extracted at 100 ℃ in water 

using a high-speed vacuum herb extractor (Cosmos 660, 

Kyungseo Machine, Incheon, Korea). The extraction 

was carried out under pressurized (1.0 kgf/㎠) or 

non-pressurized (0 kgf/㎠) methods for 30, 60, 90, 

120, 150, and 180 min. The extraction water was 

regulated to make the final volumes of the decoctions 

around 3800 mL. A 50 mL of each decoction was 

lyophilized using a freeze-drier (IlshinBioBase, Dongducheon, 

Korea) to make a powder, which was then dissolved 

in HPLC-grade water and was filtered through a 0.2 

mm syringe filter (SmartPor®; Woongki Science, Korea) 

prior to HPLC injection.

4. Measurements of extraction yield, total 

soluble solids content (TSSC), and hydrogen 

ion concentration (pH)

To calculate the yield of decoctions, the weight of 

each freeze-dried decoction was converted to a percentage 

of the formula used for a single extraction. TSSC 

(°Brix) of each decoction was measured using a refractometer 

(Pal-a; ATAGO, Tokyo, Japan). A pH was determined 

with a pH meter (672 pH/Ion meter; Metrohm, Switzerland).
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5. Chromatographic conditions 

The HPLC-PDA system comprised a Shimadzu 

LC-20A (Shimadzu Corporation, Kyoto, Japan) equipped 

with a solvent delivery unit (LC-20AT), autosampler 

(SIL-20AC), column oven (CTO-20A), degasser (DGU-20A3), 

and PDA (SPD-M20A). The acquired data were processed 

using LabSolutions software (Ver. 5.3; Shimadzu, Japan). 

Separation was performed on a Gemini C18 column 

(4.6 × 250 mm, 5 ㎛; Phenomenex, Torrance, CA, 

USA) maintained at 40 ℃. The flow rate was 1.0 

mL/min and the injection volume was set to 10 µL. 

The mobile phase consisted of water (A) and acetonitrile 

(B), both containing 1% acetic acid. Gradient elution 

of the mobile phase was applied: 10–60% (B) over 0–
30 min, 60–100% (B) over 30–40 min, held for 5 min, 

and then re-equilibrated to 10% until the end of the 

analysis. The detection wavelength for each compound 

was screened from 190 nm to 400 nm and optimal 

wavelength was set according to the maximum absorption 

wavelengths of the standard compounds (230, 260, 

270 and 275 nm). The analytical conditions in the 

previous work of our laboratory were applied to this 

study (Kim JH et al. Arch Pharm Res. 2014).

6. Statistical analyses 

All experiments were performed in triplicate. Two-tailed 

t-tests and Dunnett's test were conducted for the 

two-group and the multi-group comparisons using Microsoft 

Excel (Microsoft, Redmond, WA, USA) and SYSTAT 10 

(SPSS Inc., Chicago, IL, USA). Differences were considered 

significant at P < 0.05, P < 0.01, or P < 0.001. Regression 

analysis was performed through extraction yields, TSSC, 

pH, and the amount of each marker compound using open 

source software 'R (ver. 3.0.2)'.

Results

1. Comparison of extraction yield, TSSC, and 

pH in GBH decoctions

The decoction produced by pressurized method showed 

higher extraction yield as extraction time increased, 

however, the pressure did not showed significant 

difference of extraction yields in all time courses (Fig. 

2A). The results of TSSC showed similar pattern with 

that of extraction yield. TSSC was significantly increased 

with increased extraction time in both by pressurized 

and non-pressurized decoctions. Moreover, significantly 

higher TSSC value was observed in the pressurized 

decoctions in 90 and 180 min (Fig. 2B). There was 

significant difference of the pH between the pressurized 

and non-pressurized decoctions after initial extraction 

time, 30 min (Fig. 2C).

Fig. 2. Variation of extraction yield (A), total soluble solids content 
(B), and hydrogen ion concentration (C) in GBH decoctions 
produced by pressurized (■) and non-pressurized (▲) extraction 
methods for extraction time. Data was expressed as average of 
triplicate measurements. Statistically significant at *P < 0.05, **P <
0.01 or ***P < 0.001 of difference in values between pressurized 
and non-pressurized extraction methods. aP < 0.05, aaP < 0.01, and 
aaaP < 0.001 versus the decoction produced by pressurized 
method at 30 min. bP < 0.05, bbP < 0.01, and bbbP < 0.001 versus 
the decoction produced by non-pressurized method at 30 min.

2. Comparison of the contents of the marker 

compounds in GBH decoctions

Linear equation, correlation coefficients (r2), limit of 

detection, and limit of quantification in previous paper 

of our laboratory (Kim JH et al. Arch Pharm Res. 2014) 

were applied to this study as shown in Table 21). The 

eleven marker compounds, gallic acid, oxypaeoniflorin, 

amygdalin, albiflorin, paeoniflorin, benzoic acid, coumarin, 

cinnamic acid, benzoylpaeoniflorin, cinnamaldehyde, and 

paeonol, detected in the GBH decoction were well separated 

on chromatograms without overlapping or interruption 

by adjacent peak by using the methods described above 

(Fig. 3 and 4).

Table 2: Linear equation, correlation coefficients (r2), LOD, and 
LOQ for the bioactive compounds in GBH

Compound Linear equation r2 Linear range
(mg/mL)

LOD
(mg/mL)

LOQ
(mg/mL)

Gallic acid y = 31871x –8708.6 0.9999 3.13 –50.00 0.03 0.13

Oxypaeoniflorin y = 11603x – 4882.1 0.9994 1.56 –25.00 0.08 0.30

Amygdalin y = 308.43x +48.26 1.0000 3.52 –225.00 2.11 7.04

Albiflorin y = 9522.33x –1496.19 1.0000 0.39 –50.00 0.16 0.52

Paeoniflorin y = 8911.69x –6277.17 1.0000 2.34 –300.00 0.47 1.56

Benzoic acid y = 2458.9x +30.667 1.0000 1.56 –25.00 0.38 1.36

Coumarin y = 48149.55x +2606 1.0000 0.39 –50.00 0.04 0.13

Cinnamic acid y = 89229.20x +812.34 1.0000 0.08 –10.00 0.02 0.06

Benzoylpaeoniflorin y = 1685.60x –127.00 1.0000 2.50 –10.00 0.56 1.86

Cinnamaldehyde y = 112104.36x +4133.03 1.0000 0.31 –40.00 0.02 0.06

Paeonol y = 63861x +23842.04 0.9999 0.78 –100.00 0.03 0.10

LOD, limit of detection; LOQ, limit of quantification
y, peak area (mAU); x, concentration of compound (㎍/mL). 
Linear equation, correlation coefficients (r2), LOD, and LOQ in 
previous study (Kim et al. Arch Pharm Res. 2014) were applied.
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Fig. 3. Chromatogram of standard compound in GBH. 1: Gallic 
acid, 2: oxypaeoniflorin, 3: amygdalin, 4: albiflorin, 5: paeoniflorin, 
6: benzoic acid, 7: coumarin, 8: cinnamic acid, 9: 
benzoylpaeoniflorin, 10: cinnamaldehyde, 11: paeonol.

Fig 4. Representative chromatograms of GBH decoctions produced 
by pressurized method (A) and non-pressurized method (B) at 
UV 260 nm. 

Pressurized method produced significantly higher 

content of gallic acid and benzoic acid in most 

extraction time and the contents of two compounds 

were increased (slightly in the content of benzoic 

acid), as the extraction time increased in both pressurized 

and non-pressurized decoctions. The contents of 

oxypaeoniflorin and paeoniflorin were significantly 

different between both decoctions in all time courses 

and their differences were larger as extraction time 

increased: the contents of oxypaeoniflorin and paeoniflorin 

in non-pressurized decoctions were increased, while 

the contents of those compounds in pressurized decoctions 

were decreased. Amygdalin and benzoylpaeoniflorin, 

which also showed higher amounts in non-pressurized 

decoctions, were decreasingly extracted in both decoctions 

over peak amount time, 60 or 90 min. The contents 

of coumarin and cinnamic acid were decreased with 

extraction time increased, and the difference of contents 

between pressurized and non-pressurized decoctions 

were significant in extraction times. In contrast, the 

contents of cinnamaldehyde and paeonol were steeply 

decreased in the decoction produced by non-pressurized 

method after initial time of extraction. The contents 

of those two compounds in pressurized decoction, which 

were higher than in non-pressurized decoction, were 

also decreased with increased extraction time (Fig. 5).

Fig. 5. Variation of the content of 11 marker compounds in GBH 
decoctions produced by pressurized (■) and non-pressurized (▲) 
extraction methods for extraction time. Data was expressed as 
average of triplicate measurements. Statistically significant at *P <
0.05, **P< 0.01 or ***P < 0.001 of difference in values between pressurized 
and non-pressurized extraction methods. aP < 0.05, aaP < 0.01, and 
aaaP < 0.001 versus the decoction produced by pressurized method 
at 30 min. bP < 0.05, bbP < 0.01, and bbbP < 0.001 versus the decoction 
produced by non-pressurized method at 30 min.

3. Regression analysis of the influence of the 

pressure and extraction on extraction yield, TSSC, 

pH, and the content of each marker compound

Regression analysis was carried out to investigate the 

influence of extraction factors (pressure and extraction 

time) on the variables (extraction yield, TSSC, pH, and 

the content of each compound). The adjusted regression 

coefficients (R2
adj) of extraction yield, TSSC, and pH 

were more than 0.8 with significant F- and p-values. 

The extraction time significantly influenced to extraction 

yield, TSSC, and pH, while pressure showed significant 

influence only on the hydrogen ion concentration. The 

R2
adj of the contents of 11 marker compounds were 0.30 

< r2 < 0.95 with significant p-values, except for albiflorin 

with p>0.05. Pressure and extraction time both significantly 

influenced to the contents of benzoic acid, cinnamic 

acid, benzoylpaeoniflorin, and paeonol, while the contents 

of the rest compounds were affected by at least one of 

two extraction factors, pressure or extraction time (Table 3).

Table 3: Regression analysis of extraction factors (pressure and 
extraction time) on variables

Variable
p-values of coefficients

DF R2
adj F-value p-value*

Pressure Extraction time

Extraction yield > 0.05 < 0.001 9 0.8922 46.53 < 0.001

Total soluble solids content > 0.05 < 0.001 9 0.8201 26.08 < 0.001

Hydrogen ion concentration < 0.001 < 0.001 9 0.9115 57.63 < 0.001

The content of compound       

Gallic acid > 0.05 < 0.001 9 0.8111 24.62 < 0.001

Oxypaeoniflorin < 0.01 > 0.05 9 0.6205 9.993 < 0.01

Amygdalin < 0.05 > 0.05 9 0.4323 5.188 < 0.05

Albiflorin > 0.05 < 0.05 9 0.3129 3.505 > 0.05

Paeoniflorin < 0.01 > 0.05 9 0.5711 8.323 < 0.01

Benzoic acid < 0.01 < 0.05 9 0.6616 11.75 < 0.01

Coumarin > 0.05 < 0.001 9 0.9018 51.48 < 0.001

Cinnamic acid < 0.001 < 0.001 9 0.9378 83.91 < 0.001

Benzoylpaeoniflorin < 0.001 < 0.001 9 0.8595 34.65 < 0.001

Cinnamaldehyde > 0.05 < 0.001 9 0.7899 21.68 < 0.001

Paeonol < 0.01 < 0.001 9 0.8370 29.25 < 0.001

DF, Degrees of freedom.
*Statistically significant at p < 0.05, p < 0.01, or p < 0.001.



The influences of extraction time and pressure on the chemical characteristics of Gyejibokryeong-hwan decoctions 5

Discussions

In the present study, the influences of extraction factors 

(pressure and extraction time) to variables such as 

extraction yield, total soluble solids content (TSSC), 

hydrogen ion concentration (pH), and the content of 

chemical compounds were investigated in GBH decoctions.

Extraction yield and TSSC, which consist of plant 

cell ingredients released when plant cell wall is 

broken down, were apparently affected by pressure 

and extraction time. Higher pressure and longer extraction 

time can increase the extraction efficiency of ingredients 

from plant cell, and thus extraction yield and TSSC 

are enchanced9,10). These results indicate that the 

power of solvent is increased at higher pressure and 

longer extraction time, which makes plant tissue cell 

wall easily broken down, and mass transfer rate between 

solvent and ingredients in the cell is elevated. This 

can improve the cell permeability and secondary metabolite 

diffusion to solvent11-13). Higher extraction pressure 

can also reduce the pH of solvent during extraction, 

because higher phenolics are released into the solvent 

and molecules in the extracts are deprotonated, which 

can elevate the extraction of bioactive compounds stable 

at lower pH14).

Contrary to the results from extraction yield, TSSC, 

and pH, the content of marker compounds showed 

various patterns when influenced by pressure and 

extraction time. Higher pressure and longer extraction 

time produced more gallic acid and benzoic acid as 

pressurized extraction forms higher amounts of 

phenolic compounds11,15). Other compounds, such as 

oxypaeoniflorin, amygdalin, paeoniflorin, cinnamic acid, 

and benzoylpaeoniflorin, were proportionally influenced 

by pressure and extraction time. The contents of those 

compounds were higher in non-pressurized decoctions 

and most of their values were decreased with extraction 

time increased, which indicates that some chemical 

compounds might be degraded or decomposed, or impurities 

which are unnecessary or toxic can be over-extracted 

from the herbal medicines in pressurized extraction 

condition with longer extraction time16). Although the 

extraction time negatively influenced, the contents of 

two compounds, cinnamaldehyde and paeonol, were 

significantly lower in non-pressurized decoctions because 

of their volatile characteristics which can be easily 

evaporated along with solvent vapor when extracted in 

atmospheric conditions17,18).

Regression analysis demonstrates that higher pressure 

and longer extraction time significantly affected 3 variables, 

extraction yield, TSSC, and contents of gallic acid and 

benzoic acid, showing the adjusted regression coefficients 

(R2
adj) >0.8. These results indicate that model is significantly 

predictive under any combination of variables and extraction 

conditions which have positive effects on those 

variables19,20). However, higher pressure and extraction 

time can negatively affect to pH and the extraction 

efficiency of several chemical compounds. Thus, further 

study is needed to find out optimal extraction condition 

of herbal formula, considering the effect of pressure and 

extraction time.

Conclusions

In the present study, we compared Gyejibokryeong-hwan 

(GBH) decoctions produced using different pressure levels 

(0 and 1 kgf/㎠)

1. Higher pressure and longer extraction time positively 

affected the extract yield and the total soluble 

solid content (TSSC). 

 

2. Higher pressure and longer extraction time negatively 

affected the hydrogen ion concentration (pH). 

 

3. The contents of chemical compounds showed various 

patterns according to pressure and extraction time.

We conclude that pressure and extraction time can 

influence the extraction efficiency of compositional 

constituents of GBH decoctions, however, in-depth study 

is necessary to find optimal extraction conditions for 

herbal formula, from the pharmacological viewpoint as 

well as the physicochemical viewpoint.
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