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ABSTRACT

This study was carried out to investigate the feasibility and usefulness of a commercial synthetic adsorbent, Diaion HP

20, for the isolation of proanthocyanidins (PAs) from hot water extract (HWE) prepared from Pinus radiata bark. Most 

ultraviolet (UV) absorbing materials in HWE were adsorbed onto Diaion HP 20 and easily recovered by simple ethanol

(EtOH) washing. More than 50% of the UV absorbing materials were adsorbed within 20 minutes, and the adsorption 

equilibrium was reached within 3 h. The recovered materials from Diaion HP 20 were mostly composed of PAs, but 

some monomeric flavonoids such as taxifolin and unidentified hydrophobic materials were also adsorbed. The impurities

such as carbohydrates and inorganic materials contained in HWE were mostly removed by Diaion HP 20. The adsorp-

tion ability of the UV absorbing materials onto Diaion HP 20 was almost the same as the first cycle even after 14 times

of repeating cycles of adsorption and desorption. The radical scavenging ability of the recovered materials from the ad-

sorbent was slightly higher than that of the pure PAs prepared by Sephadex LH 20 from the same HWE.

Keywords : Pinus radiata bark, Commercial adsorbent, Diaion HP 20, Hot water extract (HWE), Adsorption, Desorption,

Proanthocyanidins (PAs), UV absorbing materials

1. INTRODUCTION1)

  Recently, we reported that Pinus radiata bark 

contains not only a great amount of hot water 

extract (HWE) in comparison with other Pinus 

species bark but also proanthocyanidins (PAs) 

(Mun and Ku, 2006; Ku and Mun, 2007; Ku et 

al., 2011). PAs (Fig. 1) are major polyphenols 

in HWE prepared from P. radiata bark and 

composed of more than 80% of HWE (Ku et 

al., 2011; Park et al., 2011). PAs are a potent 

antioxidant (Priorand Gu, 2005; Ku and Mun, 

2008) and have various physiological effects, 

such as anti-bacterial agents (Shan et al., 2007), 

and effective enzyme inhibitors (Stevens et al., 

2002; Ku and Mun, 2008). In addition, they al-

so exhibit vasodilatory, anti-allergic, anti-inflam-

matory (Torras et al., 2005), cardioprotective (Ko-

hama et al., 2004), immune-stimulating, anti-vi-

ral, and estrogenic activities (Bagchi et al., 2000).

  Currently the majority of P. radiata bark dis-

charged from wood related industry has mostly 
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Fig. 1. Chemical structure of proanthocyanidins iso-

lated from Pinus radiata bark.

been used onsite as a boiler fuel to generate 

steam and power, and a part of the bark is used 

for mulching and soil treatment in South Korea 

(Mun et al., 2006). Therefore, the development 

of economical separation and production meth-

ods of PAs, value-added materials, from the 

bark would be beneficial for further applications 

and commercialization. 

  Commercially available and synthetic adsorb-

ent, Diaion HP 20, is a basically styrene poly-

mer and is widely used in a variety of industrial 

applications, such as adsorption, desalting and 

decolorization of natural products and small pro-

teins. It is known to be suitable for adsorbing 

large molecules because of its relatively large 

pore size and have superior adsorption/desorp-

tion ability (Diaion
®
).

  On the other hand, the main component in 

HWE is PAs, but some other components such 

as neutral sugars, inorganic materials, and low- 

molecular weight organic compounds, also exist 

(Mun and Ku, 2006). Therefore, these impurities 

in HWE should be removed not only for the 

production of pure PAs; but also for further 

useful applications, such as health supplements, 

food additives, and medical supplies. The aim 

of this study was to explore that PAs can be ef-

fectively isolated from HWE using Diaion HP 

20. We also investigated the reusability of Diaion 

HP 20, which can provide useful information 

for the commercialization of PAs isolation and 

purification method. 

2. MATERIALS AND METHODS

2.1. Materials

  The outer bark of P. radiata was provided 

from Hanyoung Co. Ltd. in Kunsan, South 

Korea. The bark was dried in a convection oven 

at 60 ± 1
o
C for 48 h and then ground using a 

Wiley mill installed with a 1 mm screen. The 

ground powder was further sieved, and 25 mesh- 

passed powders were used for the preparation of 

HWE. Diaion HP 20 was purchased from Mitsu-

bishi Chemical (Tokyo, Japan).

2.2. Preparation of HWE

  Forty grams (based on oven-dried weight) of 

bark powder and 400 mL of de-ionized water 

(DI-water) were taken into a 1-L Erlenmeyer 

flask (liquor to bark ratio of 10), and then a 

1.2-m glass tube as a condenser was attached to 

the flask. After that the flask was placed on a 

water bath and allowed to boil for 1 h. The 

bark slurry after boiling was filtered through a 

17G3 glass filter. The residue on the filter was 

washed with 500 mL of hot DI-water (> 90°C). 

The filtrate and washing were all combined to-

gether and the total volume of the solution was 
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adjusted to 1-L with DI-water. This solution 

was defined as HWE and subjected to adsorp-

tion and desorption study. The residue after the 

filtration was dried in a convection oven at 

105°C overnight to calculate HWE yield. The 

average HWE yield after three runs was 25.7%. 

The yield of HWE was calculated using the fol-

lowing equation;

HWE (%) = [(PB – R)/PB] × 100

Where, PB = Oven-dried weight of pine bark 

powder (g), and R = Residue weight after hot 

water extraction (g)

2.3. Adsorption and Desorption of PAs 

onto Diaion HP 20 

  Diaion HP 20 (ca. 11 mL), adsorbent, fully 

soaked and washed with absolute EtOH and 

DI-water subsequently, and the washed adsorb-

ent was then transferred to a 250 mL Erlenmey-

er flask with 50 mL of HWE. The adsorption 

was conducted at room temperature by agitating 

at 200 ± 10 rpm. To determine the adsorption 

rate, the agitation was stopped for 1 min and 

then 50 µL was taken from the supernatant. The 

solution was transferred to a 20 mL test tube 

and 3 mL of EtOH was added to the tube. The 

solution in the tube was mixed well by a vortex 

mixer for 1 minute and the mixture was sub-

jected to UV analysis (HP 8452 diode array 

spectrophotometer, HP, USA). UV absorbance 

was recorded at 280 nm and the adsorption yield 

was calculated as follows;

  Adsorption (%) = [(Abb280 nm – Aba280 nm)/ 

Abb280 nm] × 100

Where, Abb280 nm = Absorbance before adsorp-

tion at 280 nm, and Aba280 nm = Absorbance af-

ter adsorption at 280 nm.

2.4. Reusability Test of Diaion HP 20

  To determine the reusebility of Diaion HP 20, 

adsorption and desorption were repeated 14 

times. The washed Diaion HP 20 (ca. 20 mL) 

was transferred to a 250 mL Erlenmeyer flask-

with 100 mL of HWE. The adsorption was then 

performed in the same manner mentioned above, 

except for 3 h adsorption time. After 3 h ad-

sorption, the adsorbent, Diaion HP 20, was re-

covered by filtration and washed with 500 mL 

of DI-water and then treated with 100 mL of 

absolute EtOH to desorb the adsorbed materials. 

The solvent in the filtrate was removed by a ro-

tary evaporator at 43 ± 2°C and then vacuum 

dried overnight over P2O5. The desorbed and 

dried material was weighed for the calculation 

of adsorption percentage. Adsorption yield was 

calculated as follows;

  Adsorption (%) = [Weight of desorbed mate-

rial (g)/Weight of dried HWE (g)] × 100

2.5. DPPH Free Radical Scavenging 

Activity

  Antioxidant activities were measured by DPPH 

(1,1-diphenyl-2-picrylhydrazyl radical) free radi-

cal scavenging activity and determined relative 

to catechin. Ten milligrams of each sample 

(desorbed material, catechin, pure PA previously 

isolated and purified from the same bark using 

Sephadex LH 20 (Ku and Mun, 2007)), and 

HWE was dissolved in 10 mL of methanol 

(MeOH). The sample solution was then diluted 
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Fig. 2. Relationship between the adsorption yields of 

UV absorbing materials and adsorption times at agi-

tation speed of 200 rpm. 

Fig. 3. IR spectra of pure PA prepared from Sepha-

dex LH 20 (a) and the desorbed materials from 

Diaion HP 20 (b).

to 16.7 µg/mL with MeOH. One milliliter of 

the dilute solution was mixed with 2 mL of 0.1 

mM DPPH MeOH solution in a test tube and 

reacted in a water bath at 25°C for 30 min. The 

absorbance was then measured at 518 nm. Anti-

oxidant activity of each sample was expressed 

as the scavenged amount of DPPH free radical.

2.6. Characterization

  FT-IR spectroscopy was performed using a 

Shimadzu FTIR-8201PC FT-IR spectrophoto-

meter. The IR spectrum using KBr pellet was 

recorded in the transmission mode and in the 

range of 4,000～400 cm
-1

. 
13

C NMR spectrum 

was obtained in acetone-d4/D2O using a JEOL 

JNM-EX 400 spectrometer.

3. RESULTS AND DISCUSSION

3.1. Adsorption Rate

  The pure PAs isolated from P. radiata bark 

has a maximum UV absorbance at 280 nm (Ku 

and Mun, 2007; Mun et al., 2012). Accordingly, 

the amounts of the UV absorbed materials onto 

Diaion HP 20, which are mainly composed of 

PAs, were measured by recording the absorb-

ance at 280 nm. As shown in Fig. 2, the ad-

sorption was rapidly preceded within 1 h, and 

more than 50% of the UV absorbed materials in 

HWE was adsorbed onto Diaion HP 20 within 

20 minutes. The adsorption equilibrium was al-

most reached in 3 h and the adsorption yield 

was about 80% for the total materials having 

UV absorbance in HWE. This result indicates 

that most UV adsorbing materials at 280 nm in 

HWE are well adsorbed onto the polystyrene 

adsorbent, Diaion HP 20. Since this result does 

not provide information on what sorts of materi-

als are adsorbed, we characterized the adsorbed 

materials on the adsorbent. 

3.2. Characterization of the Adsorbed 

Materials

  In the adsorption study using Diaion HP 20 

as mentioned above, the materials desorbed after 

3 h adsorption were used for the instrumental 
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Fig. 4. 
13

C NMR spectra of pure PA (a) and the des-

orbed materials onto Diaion HP20 (b).

Samples Antioxidant activity

Catechin

Pure PAs

HWE

Desorbed materials

1.00

0.98

0.94

1.11

DPPH = 1,1-diphenyl-2-picrylhydrazyl radical.

Table 1. DPPH free radical scavenging activity, based 

on catechin equivalent antioxidant activity

analysis to characterize their chemical structure. 

Fig. 3 shows IR spectra of the desorbed materi-

als and the pure PAs isolated by Sephadex LH 

20 which was previously reported (Ku and Mun, 

2007). The IR spectrum of the desorbed materi-

als from Diaion HP 20 was very similar to that 

of the pure PAs prepared from the same pine 

bark. Thus, this result indicates that the ad-

sorbed materials are mainly composed of PAs. 
13

C NMR spectrum as shown in Fig. 4 also sup-

ported this result. The same major peaks of the 

pure PAs on the NMR spectrum also appeared 

all on the recovered materials from Diaion HP 

20. Several small peaks appearing on 198 ppm, 

164～168 ppm, 120 ppm, 102 ppm, 85 ppm are 

all related to taxifolin. We previously reported 

that taxifolin is one of the main monomeric pol-

yphenols in HWE (Mun and Ku, 2006; Ku and 

Mun, 2008). Although Diaion HP 20 is known 

to be suitable for adsorbing large molecules 

(Diaion
®
), it also adsorbed monomeric poly-

phenols in HWE. In addition, some hydrophobic 

materials also appeared in the range from 10 to 

25 ppm on the NMR spectrum (Fig. 4b). Most 

carbohydrates as impurities in HWE were re-

moved by using Diaion HP 20. These carbohy-

drates peaks on the NMR spectrum usually ap-

pear in the range from 60 to 80 ppm. However, 

those peaks are almost not existed on the spec-

trum, although some peaks overlapped with C2 

and C3 peaks of PAs. This result indicates that 

carbohydrates and flavone glycosides in HWE 

are mostly not adsorbed onto Diaion HP 20. 

From the FT-IR and 
13

C NMR spectroscopies of 

the adsorbed materials, we concluded that 

Diaion HP 20 is a useful adsorbent for the sim-

ple recovery of relatively high purity of PAs 

from HWE. 

  In general, PAs has radical scavenging effect 

because they are a potent antioxidant. Since cat-

echin is a basic unit of PAs, it was used as a 

positive control in this study. Table 1 shows the 

result of catechin equivalent DPPH free radical 

scavenging effect of the adsorbed materials, 

pure PAs, and HWE. The relative radical scav-

enging effect of the adsorbed materials was 

slightly higher than that of HWE and catechin, 

even higher than the pure PA. Some monomeric 

polyphenols existing in HWE, such as querce-

tine, taxifolin, epicatechin, gallocatechin and ep-

igallocatechin, are known to have very strong 

antioxidant activity (Mun and Ku, 2006; Ku and 

Mun, 2008). The DPPH radical scavenging ef-

fect of the adsorbed materials may also contrib-
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Fig. 5. Reusability of Diaion HP 20 in the isolation 

of PAs from HWE of P. radiata bark.

○: UV method, ●: gravimetric analysis. 

ute to that these monomeric polyphenols other 

than taxifolin exist also in them. 

3.3. Reusability of Diaion HP 20

  From the above mentioned results, it was re-

vealed that Diaion HP 20 is an effective adsorb-

ent for the production of relatively pure PAs 

from HWE. However, for the commercial pro-

duction of PAs from P. radiata bark in the fu-

ture, the reusability of Diaion HP 20 is very 

important because the adsorbent price in the 

process may greatly affect the production cost 

of PAs. Therefore, we tested the reusability of 

Diaion HP 20 through 14 times of the adsorp-

tion and desorption treatment cycles. Fig. 5 

shows the relation between the adsorption yield 

of the UV absorbing materials and the repeating 

cycles. By increasing the repeating cycle, the 

adsorption yields slightly decreased. However, 

the yields increased again when newly prepared 

HWE (fresh HWE) was applied. The fresh HWE 

was in the state of slight cloudy solution but 

some precipitations start to appear as time passed. 

It was thought that the slight decrease in the ad-

sorption yield as the repeating cycle is increased 

is due to the aggregation of some high-molec-

ular-weight PAs having a poor solubility in 

water. Even after repeating 14 cycles of adsorp-

tion and desorption, Diaion HP 20 still kept all 

most the same recovery efficiency as the first 

cycle, and the average adsorption yield was 

maintained at about 80%. Although slight in-

crease and decrease in the adsorption was ob-

served, we proved that Diaion HP 20 is a very 

stable and efficient adsorbent for the production 

of PAs from HWE. In addition, it was revealed 

that the UV method to determine the adsorption 

yield would be a useful technique because there 

were no significant differences in adsorption 

yield between UV method and gravimetric anal-

ysis as shown in Fig. 5.

4. CONCLUSIONS

  Commercially available synthetic adsorbent, 

Diaion HP 20, was investigated for the isolation 

of PAs from HWE prepared from P. radiata 

bark and for its performance through the reus-

ability for the further commercial application. 

PAs having a strong antioxidant activity in 

HWE were adsorbed onto Diaion HP 20 within 

3 h and easily recovered by EtOH washing. 

Although a small amount of monomeric fla-

vonoids and some hydrophobic materials as im-

purities in the recovered PAs were detected, 

other impurities that must be removed such as 

carbohydrates and inorganic materials were 

mostly removed. A further purification process 

will be needed for the production of highly pure 

PAs, but a good performance in its reusability 

suggested a possible commercial use for the 

mass production of a moderate pure PAs from 
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P. radiata bark. 
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