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CHAPTER 1 

GENERAL INTRODUCTION 

 

1.1  Classification of plant polyphenols 

Polyphenols are general substances which have two or more 

hydroxyl groups （ － Ｏ Ｈ ）  combined with the aromatic ring. 

Polyphenols are a group of the popular phytochemicals widely 

distributed in various plant parts such as leaves, flowers and 

fruits. Up to now, about 8000 phenolic structures of plant 

polyphenols are known (Bravo 1998). Generally, polyphenols can 

be classified into monomer group and polymer group （Fig. 1）. 

The monomer group is mainly constituted of flavonoids （such 

as catechins, anthocyanins etc., all of them have a C6-C3-C6 

carbon structure）and phenolic acids （such as chlorogenic acid, 

gallic acid etc.）. The polymer group (tannins) consists of two 

major groups i.e. the condensed tannins (proanthocyanidin） and 

the hydrolysable tannins (gallotannin and ellagtannin）. The 

condensed tannins are usually composed of flavan 3-ol units, 

mainly (+) catechin, (-) –epcatechin or related compounds, which 

are condensed by C-C bonds. The hydrolysable tannins are 

generally esters of phenolic acids and polyol such as glucose. 

Gallotannins are also called galloylglucoses, which are galloyl 

esters of glucose; ellagitannins are derivatives of 

hexahydroxydiphenic acid, which become lactonized to ellagic 

acid during hydrolysis (Haslam 1998).  
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1.2  Importance of plant polyphenols  

In recent years, polyphenols have received great attention 

because it was found that the consumption of foods rich in 

polyphenols may decrease the risk of cancers, stroke and 

coronary disease (Kris-Etherton et al. 2002, Stoner and Mukhtar 

1995). Among the polyphenols, tea polyphenols have been shown 

to have effects on the inhibition to carcinogen-induced several 

tumors （skin, lung, forestomach, esophagus, duodenum, colon 

tumors etc.） in rodents (Huang et al. 1992, Fujiki et al. 1996, Liao 

et al. 1995, Hirose et al. 1997); and anthocyanins have advantages 

of the prevention of oxidative stress and take an important role 

in protecting against cardiovascular disease (Ghiselli et al. 

1998) and liver injury (Obi et al. 1998), antimutagenicity 

(Yoshimoto at al. 1999) and promoting effect on rhodopsin 

synthesis (Matsumoto et al. 2003) and so on.  The prevention of 

many simple flavonoids to cancer and atherosclerosis are also 

reported (McAnlis et al. 1999, Hollman et al. 1996). Isoflavones 

such as daizein and genistein, which are mainly derived from 

soybean, are suggested to play a role in the prevention of breast 

cancer and osteoporosis (Adlercreutz and Mazur 1997, Tapiero et 

al. 2002). Anti-inflammation, hemostatic and astringent effects 

of tannins are well known from ancient times (Nishioka 1983). 

Recently, tannins were also reported to have the effects of 

inhibiting the generation of superoxide radicals, anti-allergy, 

anticarcinogenic and antimutagenic effects as well as 

flavonoids (Chung et al. 1998).  
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1.3  Extraction techniques of plant polyphenols 

 

Following the increase of polyphenol consumption, more 

and more polyphenol products or functional food materials of 

polyphenols are required to be supplied. Obtainment of these 

polyphenols products are considerably depended on extraction 

techniques of polyphenols. Many techniques such as CC (column 

chromatography), HPLC (high performance liquid 

chromatography), HSCC (high speed counter-current 

chromatography) and CE (capillary electrophoresis) are 

reported to be used for the polyphenols separation (Sao and Deng. 

2004, Yoshida et al. 1998). These techniques have some advantages, 

but they also have some drawbacks such as the use of a lot of 

organic solvent which are harmful to human health, unfriendly to 

environment, time-consuming, high cost etc.. Recently, some 

alternative methods that eliminate or reduce significantly the 

use of organic solvents such as SPE (solid-phase extraction), MAE 

(microwave-assisted extraction), SFE (supercritical fluid 

extraction) and PLE (pressurized liquid extraction) (Lucena et al. 

2005, Papagiannopoulos et al. 2002, Huang and Zhang 2004, Mendiola 

et al. 2007) are gradually used for extraction of active ingredients 

from plant materials in food and medicinal industries, but these 

procedures still have many drawbacks such as time‒consuming and 

labouring-intensive operations. Few studies have attempted to 

extract polyphenols by some methods without use of organic 

solvent (Ishimaru and Nonaka 2001, Li et al. 2005), however, the 

studies on this aspect are only done a little. Therefore, it is 

 3



necessary to carry out further studies on the development of 

extraction techniques of polyphenols and establish better and 

novel techniques which are simple, rapid, low cost, and safe 

compared with current techniques.  

 

1.4  Processing of polyphenol materials 

 

Usually, polyphenols are directly obtained from the wild or 

conventional cultured plants (Sugimoto et al. 2001, Wang et al. 

1996). Recently, many polyphenols have been reported to be 

isolated from some tissue cultured plant materials (hairy roots, 

callus) such as roots of Sanguisorba officinalis (Ishimaru et al. 

1990), hairy roots of Geranium thunbergii (Ishimaru et al. 1991), 

callus of Sapium sebiferum (Neera and Ishimaru 1992). Although 

most of polyphenols have been mainly obtained from the raw 

plant materials, some polyphenols have also been isolated from 

the processed food materials (Esaki et al. 1998, 1999, Miyake et al. 

2003, Zhou et al. 2005,).  

In fact, many studies proved that the constituents 

(including polyphenols) in the processed food can be changed 

compared with those in the raw materials after the processing 

procedures such as heat processing (boiling, broiling frying, 

steaming, grilling etc.), oxidizing enzymatic fermentation and 

microbial fermentation (Kumazawa and Masuda 2001, Takenaka et 

al. 2006). Yet, amongst the studies on the processed products, 

only few of them such as processed tea (Peterson et at. 2004, Jin 

et al. 2001, Angayarkanni et al. 2002), processed soybean products 
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(natto, miso, soy sauce, tempeh etc.) (Sumi 2007, Kawano 2007, 

Kataoka 2005) and grape wine (Louw et al. 2006) are received much 

attention, the studies on the processing of many plant materials 

containing polyphenols are not done so much. 

To prevent food spoilage and contamination, lots of foods 

are consumed after thermal (heating) processing such as cooking, 

boiling and steaming. The influence of thermal processing on the 

components (such as vitamin, carotenoids etc.) of food was 

widely investigated (Awuah et al. 2007, Rattanathanalerk et al. 

2005), but the data on the influence of thermal processing on 

polyphenols are not so much (Takenaka et al. 2006, Brenes et al. 

2002). In order to get better acquainted with the functionalities 

of the thermal processed food, it is necessary to investigate the 

chemical transformations of polyphenols during heating 

processing. In the present research, the heating processings of 

several plant materials containing polyphenols (S. sebiferum, 

Phyllanthus urinaria and Camellia sinesis) were attempted and 

the changes of polyphenol composition and chemical structures 

were investigated during the processing.  

From ancient times, people used microorganisms (bacteria 

and fungi) to convert agricultural commodities into various 

fermented foods (such as natto, soy sauce, pu-er tea etc.). It was 

reported that the processing of fermentation with 

microorganism has great influence on the chemical constituents 

and bioactivities of fermented products (Esaki et al. 1998, 1999, 

Miyake et al. 2003, Lin et al. 2006, Zhu et al. 2007). Although there 

are many reports on the constituents of many fermented products, 
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these reports are limited in a narrow range of microorganism and 

materials. For many fermented products, the composition of 

polyphenols is still unclear; further studies on the clarification 

of chemical transformations of polyphenols during the 

fermentation of many plant materials with various 

microorganisms are necessary. In this research, the 

fermentations of some plant materials containing polyphenols (S. 

sebirerum, P. urinaria and C. sinesis) with bacteria or fungi were 

carried out and the metabolic patterns of polyphenols during the 

fermentation were clarified. 

 

1.5  Objectives of the research 

 

The general aim of this research is to establish an efficient 

and safe methodology of polyphenol extraction and clarify the 

chemical transformations of polyphenols during various 

processing procedures. 

 

The following are the objectives of this study: 

1) To establish extraction methodology of polyphenols 

through investigation of the effects of bean protein on 

the extraction of various polyphenols. 

2) To investigate the changes in the chemical structures and 

composition of polyphenols during heat processing of 

various plant materials containing polyphenols 
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3) To investigate the changes in the chemical structures and 

composition of polyphones during the fermentation of 

various plants materials containing polyphenols with 

bacilli or fungi 

This dissertation is the compilation of the results of the 

study conducted at the Faculty of Agriculture of Saga University, 

Japan with the above-mentioned objectives (Huang et al. 2004a, 

2004b and 2004c, Huang et al. 2006, in press). 
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CHAPTER 2 

EXTRACTION OF POLYPHENOLS USING BEAN PROTEIN 

For polyphenols extraction, lots of organic solvent and 

various column chromatographies are necessary using traditional 

techniques, which are complicated and always cost lots of time (Sao 

et al. 2004). More efficient techniques are expected to be developed. 

Since ancient times, people used polyphenols (especially 

tannins) as tanning agent to make leather in terms of their 

properties, binding with protein and formatting 

protein-polyphenol complexes. Recently, to clarify the influence 

of protein on the bioactivities of polyphenols, this property of 

polyphenols has been used in the medical science (Rawel et al. 2001, 

de Freitas and Mateus 2001). In addition, few studies have attempted 

to use this property in the separation of polyphenols (Ishimaru and 

Nonaka 2001, Ushijima et al. 2001).  

Soybean protein is a very important vegetable protein and 

very easily prepared (precipitated at pH4.5) from defatted soybean 

flours or soybean by water extraction. Furthermore, soy protein 

isolate as functional ingredient gains increasingly acceptance in 

recent years because of its excellent functional properties and 

good nutritional values (Li et al. 2007). According to the properties 

of combination between polyphenols and protein, Ishimaru et al. 

succeeded in extracting tea polyphenols by using soybean protein 

through the formation of tea catechins-soybean protein complex 

(Ishimaru and Nonaka 2001, Ushijima et al. 2001). Although this 
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method is safe and efficient to extraction of catechins, its 

feasibility to the extraction of other polyphenols still needs to be 

proved.  

Since all of the polyphenols have the common structure of 

phenolic structure and hydroxyl groups as catechins, they probably 

have the same property of conjugating to the proteins easily. In 

this chapter, using soybean protein, extraction of several 

representative polyphenols such as anthocyanins, phenolic acid, 

condensed tannins and hydrolysable tannins (including 

gallotannins and ellagitannins) were conducted and the effect on 

extraction of tea catechins using protein from several bean species 

was also investigated. In addition, to investigate the antioxidative 

activities of the prepared polyphenols-protein complexes, DPPH (1, 

1 –diphenyl 1-2-picrylhyrazyl) radical scavenging activities were 

also determined. 

 

2.1  Extraction of anthocyanins using soybean protein 

 

Anthocyanins （in Greek anthos means flower, and kyanos 

means blue）are naturally occurring plant pigments that impart 

colour to fruits, vegetables, and ornamental plants. They belong to 

flavonoids, which are one subgroup of polyphenols. By the year of 

2000, more than 500 anthocyanins have been found (Harborne and 

Williams 2001). The basic chemical structure of popular 

anthocyanins is shown in Fig. 2. Generally, aglycones of 

anthocyanins are divided into six classes according to the number 
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of the hydroxyl groups in B ring i.e. pelargonidin, cyanidin, 

peonidin, delphinidin, petunidin and malvidin （Fig. 2）.  

According to recent reports, as a class of important 

antioxidant, anthocyanins possess many physiological functions 

such as free radical scavenging properties, antimutagenicity 

(Hollman et al. 1996), anitumor, lowering serum cholesterol effects, 

improvement of sight effects, protection on liver injury etc. 

(Igarashi 2000). Therefore, there is a broad prospect to exploit the 

anthocyanins as functional elements in functional food, and the 

demands for products containing anthocyanins will increase with 

the increase of consumption of functional food. Hence, how to 

obtain anthocyanins efficiently will become important subject, 

which depends on the methods of extraction in great degree. In this 

study, the extraction of anthocyanins from 15 plant species using 

soybean protein was attempted and DPPH radical scavenging 

activities of the anthocyanins-soybean protein complexes were also 

examined. 

2.1.1  Materials and methods 

2.1.1.1  Materials and preparation of samples 

Preparation of anthocyanins extracts 

Red leaves of S. sebiferum (Chinese Tallow), the fruits of 

Yeddo hawthorn (Rhaphiolepis umbellata) and bayberry (Myrica 

rubra) were respectively collected in October, November and July, 

2003 in the Saga University (Japan); fruits of several berries (i.e. 

strawberries, blueberry, cranberry and raspberry), seeds of black 
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bean, tubers of purple sweet potato, peel of red potatoes, the peels 

from several plant species (i.e. peaches, red onions and eggplants), 

leaves of red cabbage were purchased at the market. All of these 

plant materials were extracted with MeOH (containing 0.1 % HCl) at 

room temperature for 16 hours. The extracts were filtered through 

filter paper （ADVANTEC No. 3）. The filtrates were concentrated  

under reduced pressure at 40 ℃  and then lyophilized. The 

lyophilized filtrates were used as anthocyanin extracts. In 

addition, the purple corn pigment used in the experiment was 

purchased from SANEIGEN FFI Inc. in Japan. 

Preparation of defatted soybean protein extract 

The commercial defatted soybean (The Riken Agricultural 

Production, Fukuoka) (50 g, DW) was mixed with 500 ml distilled water 

and the mixture was autoclaved (121 ℃, 15 min). After cooling to 

room temperature, the autoclaved mixture was filtered through 

microcloth (Calbiochem.) and the filtrate was used as defatted 

soybean protein extract. 

 

Preparation of anthocyanins-soybean protein complexes  

Three aliquots (each 100 mg) of each anthocyanins extract 

(respectively from the materials of 14 plant species) as well as 

three aliquots (each 10 mg) of purple corn pigment were mixed with 

defatted soybean protein extract, respectively. The values of pH of 

the three mixtures were adjusted to 5.3, 4.5, and 2.5 with 2 N HCl, 

respectively. The precipitate occurred in the different acid 
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conditions. Then each of the mixtures was centrifuged for 10 min at 

25 ℃  (TOMY MX-300, 6500 rpm). The supernatant was filtered 

through the Milipore filter (Millex Ⓡ LH, 0.45 μm) and then subjected 

to HPLC (Shimadzu LC 6A) analysis (conditions of HPLC were described 

in 2.1.1.2-a). The precipitate was washed with 50 ml distilled water 

for two times. Finally, the precipitate (anthocyanins-soybean 

protein complex) was lyophilized.  

As the control sample, defatted soybean protein extract 

without mixing with anthocyanins extract was also precipitated 

under the same pH conditions as described above. And the 

supernatant was also subjected to HPLC analysis; the precipitate 

was lyophilized and used as the precipitate of soybean protein. 

 

2.1.1.2  Analysis of chemical constituents  

a. HPLC analysis of anthocyanins  

Anthocyanin extract (8 mg) was dissolved in 5 ml acetate 

buffer (pH 2.5). After filtrating through milipore filter (Millex Ⓡ LH, 

0.45 μm), the extract solution was subjected to HPLC ananlysis. 

According to the results of HPLC analysis, the amount of 

anthocyanins in 100 mg anthocyanin extract or 10 mg purple corn 

pigment was calculated using cyanidin chloride (EXTRASYNTHESE, 

France) as an equivalent compound. HPLC conditions of anthocyanin 

analysis were as follows:  column: Capcellpak C18 ACR (4.6 mm i.d. 

× 250 mm), mobile phase: 1.5 % H3PO4 - 1 % H3PO4/20 % AcOH/25 % CH3CN (70: 30 

→ 25: 85, in 30 min), flow rate: 0.8 ml/min, column temperature: 40 ℃, 

detection: 520 nm. 
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The amount of anthocyanins in the supernatant of the mixture 

of anthocyanin extract and defatted soybean protein extract were 

analyzed by HPLC. The adsorption rate of anthocyanins to 

anthocyanins-soybean protein complexes from various 

anthocyanin extracts was calculated according to the following 

formula:   

Adsorption rate (%) = 100 ×(1－ A/B) 

In this formula, A is the amount of anthocyanins in the supernatant of 

the mixture of anthocyanins extract and defatted soybean protein 

extract; B is the amount of anthocyanins in 100 mg anthocyanin 

extract or in 10 mg purple corn pigment. 

Anthocyanins-soybean protein complex (20 mg) was extracted 

with 1 ml acetate buffer (pH 2.5) for 16 hours at room temperature in 

the dark. The mixture was centrifuged and the supernatant after 

filtration was subjected to HPLC analysis. The content of eluted 

anthocyanins from anthocyanins-soybean protein complex was 

calculated according to the following formula: 

Content (%) = 100 × C/D 

Here, C is the amount of eluted anthocyanins from the 

anthocyanins-soybean protein complex; D is the dry weight of the 

complex. 

b. HPLC analysis of isoflavones and tannins  

 The anthocyanins-soybean protein complexes (each 20 mg) 

from S. sebiferum as well as soybean protein precipitates (each 20 

mg) were extracted with 1 ml acetate buffer (pH 2.5) at room 
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temperature in the dark, and the extracts after filtration were 

subjected to HPLC analysis, respectively. HPLC conditions were as 

follows:  column: TOSOH ODS 80Ts (4.6 mm i.d. ×250 mm), mobile 

phase:  1 mM tetrabutrylammonium chloride (TBA) (adjusted to pH 

2.9 with AcOH)-CH3CN (90:10→20:80, in 30 min), flow rate: 0.8 ml/min, 

column temperature: 40 ℃ , detection: 280 nm. Isoflavones (i.e. 

daidzin, glycitin, genistin, daidzein and genistein) (Fig. 3) and 

tannins i.e. gallic acid (G), geraniin (18) and chebulagic acid (19) 

(Fig. 10-1 and Fig. 10-2.) were used as standards.  

2.1.1.3  Measurement of DPPH radical scavenging activity  

The anthocyanins-soybean protein complexes (each 20 mg) as 

well as soybean protein precipitate (each 20 mg) were extracted 

with 5 ml acetate buffer (pH 2.5) at room temperature for 16 hours 

and then the mixtures of complex and acetate buffer were 

centrifuged at 6500 rpm for 10 min. Each supernatant (0.5 ml) was 

mixed with equivalent 0.02 % (W/V) ethanol solution of DPPH. After 

violently shaking, the mixture (with DPPH) was allowed to stand for 

20 min at room temperature in the dark. Then, the absorbance of the 

resultant mixture was measured at 517 nm using V-530 UV/VIS 

spectrophotometer. In addition, the mixture of acetate buffer (0.5 

ml) and equivalent 0.02 % (W/V) ethanol solution of DPPH was used as 

control; the mixture of EtOH and acetate buffer was used as blank 

control. The DPPH radical scavenging activity was calculated 

according to the following formula:  
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Radical scavenging rate (%) = 100 – 100 × absorbance of the sample/ 

(absorbance of control - absorbance of blank control) 

2.1.1.4  Isolation and identification of anthocyanins from 

S. sebiferum  

Red leaves of S. sebiferum were collected in Saga University in 

October, 2003. These leaves were extracted with 70 % EtOH 

containing 0.1% HCl. The extract was concentrated under reduced 

pressure using a rotary evaporator and then lyophilized. The 

lyophilized extract (ca. 1.0 g) was dissolved in 5 ml MeOH. The 

dissolved extract was subjected to Sephadex LH-20 column 

chromatography (eluted with MeOH containing 0.1% HCl) and DIAION 

HP-20 (eluted with EtOH containing 1% AcOH) to afford the 

anthocyanin (isolated) of S. sebiferum. 

2.1.2  Results and Discussion 

The amount of anthocyanins-soybean complexes 

As shown in Fig. 4, all the prepared complexes showed reddish 

or purple colorations, while the precipitates of soybean protein 

did not. These colorations of the complexes were considered to be 

originated from the anthocyanins which were bound to soybean 

protein. 

Although the amount of anthocyanins-soybean protein 

complexes ranged from 556 mg to 976 mg, the average amount of 

anthocyanins-soybean protein complexes was about 800 mg, which 
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was similar to the average amount of the precipitates of soybean 

protein (Fig. 5). At pH 4.5, the highest amount of the complex from 

each plant was obtained, it was suggested that this pH condition was 

the most effective on the formation of the precipitates during the 

preparation of the complexes. There was no distinct difference 

between the amount of each complex and that of the precipitate of 

soybean protein at pH 4.5. These results indicated that there was no 

influence on the formation of the precipitate of soybean protein in 

the procedure of mixing plant extract and soybean protein extract.  

Adsorption rates of anthocyanins adsorbed in anthocyanins-soybean 

protein complexes 

Fig. 6 showed that the adsorption rates of anthocyanins 

adsorbed in anthocyanins-soybean complexes were affected by the pH 

conditions. The maximum adsorption rates of anthocyanins from most 

of plant extracts were observed at pH 2.5. 

Under the same pH condition, the adsorption rates of 

anthocyanins to different complexes were different (Fig. 6). As 

shown in Fig. 5, the complexes from most of plant extracts showed 

high adsorption rates of anthocyanins (over 30 %), while those from 

raspberry extracts showed very low adsorption rates of 

anthocyanins (less than 10 %). The difference of contents and 

compositions of anthocyanins in various plants was presumably a 

main reason for the difference of anthocyanin adsorption rates to 

the complexes. It also suggested that most of anthocyanin 

materials from the plants were potent for preparation of 
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anthocyanins-soybean protein complexes.  

Among all the adsorption rates of anthocyanins, that from S. 

sebiferum extract was the highest (about 50 % at pH 2.5), followed by 

those from black bean extract and blue berry extract (nearly 50% at 

pH 2.5). Therefore, as anthocyanin materials for the preparation of 

the anthocyanins-soybean protein complexes, S. sebiferum, black 

bean and blue berry were better than others plants. 

Contents of eluted anthocyanins from anthocyanins-soybean 

protein complexes 

As shown in Fig. 7, the highest content (0.23 %, DW) of eluted 

anthocyanins was observed in the complex from black bean prepared 

at pH 2.5. Under the same pH condition, the complex from black bean 

showed the highest content of eluted anthocyanins among all of the 

complexes. Although the highest adsorption rate of anthocyanins 

was observed in the complexes from S. sebiferum (Fig. 6), the 

content of eluted anthocyanins from these complexes was not high 

(e.g. about 0.05 % at pH 2.5) (Fig. 7). It showed that the anthocyanins 

adsorbed in the complexes from black bean were easy to be eluted, 

while those adsorbed in the complexes from S. sebiferum were 

difficult to be eluted. It was presumed that the elution of 

anthocyanins from the complexes was affected by the compositions 

or chemical structures of anthocyanins from various plants 

materials. 
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DPPH radical scavenging activities of anthocyanins-soybean 

protein complexes 

As shown in Fig. 8, high DPPH radical scavenging rates were 

observed in the complexes from S. sebiferum, black bean, and red 

onion, respectively. Especially, the DPPH radical scavenging rate 

(about 90 %) of each complex from S. sebiferum was much higher than 

those of the complexes from other plants.  

The complexes with low contents of eluted anthocyanins (e.g. 

the complexes from raspberry or the complexes from red potato) 

tended to show the low DPPH radical scavenging activities (Fig. 8). 

It indicated that the eluted anthocyanins from the complexes had a 

positive relation to the DPPH radical scavenging activities of the 

complexes. On the other hand, the complexes from S. sebiferum 

showed the lower contents of eluted anthocyanins than the 

complexes from black bean, while they showed significantly 

stronger DPPH radical scavenging activities than those complexes 

from black bean. Similar tendency was observed in the complex from 

red onion. Thus, besides the anthocyanins, other compounds such as 

tannins and flavones with strong DPPH radical scavenging activity 

were also probably adsorbed in the S. sebiferum complexes or red 

onion complexes. 

The DPPH radical scavenging activities of the complexes from 

the same plant were almost identical under three different pH 

conditions. It indicated that pH condition of preparation of 

complexes had little influence on the DPPH radical scavenging 

activities of the complex. The DPPH radical scavenging activities 
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of all the anthocyanins-soybean protein complexes were stronger 

than those of the precipitates of soybean protein. Therefore, the 

preparation of anthocyanins-soybean protein complex was 

effective on the improvement of functionalities of soybean 

protein; and also the anthocyanins-soybean protein complex is 

expected to be a new type of functional food which possesses the 

functionalities originated from both soybean protein and 

anthocyanins. In addition, red leaves from S. sebiferum, red onion, 

blueberry and black bean seemed to be potential anthocyanin 

materials for preparation of anthocyanins-soybean protein 

complexes. 

Contents of isoflavones and tannins in the complexes from S. 

sebiferum 

Since the strong DPPH radical scavenging activities from S. 

sebiferum complexes were observed, it was presumed that other 

polyphenols were also adsorbed in the complexes and attributed to 

the DPPH radical scavenging activities. Therefore, in these 

complexes, tannins and isoflavones which are respectively 

originated from S. sebiferum and soybean protein were analyzed. As 

shown in Table 1, isoflavones (daizin and genistin) were detected at 

the similar level in both complexes from S. sebiferum and 

precipitates of defatted soybean protein. And the other phenolic 

compounds such as gallic acid, geraniin and chebulagic acid were 

detected in the complexes with high contents (geraniin: 

2.809-3.454 %, chebulagic acid: 0.810-1.220 %), but undetectable in 
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the soybean protein precipitates. Since the precipitates of 

defatted soybean protein showed very low DPPH radical scavenging 

activities, it was suggested that isoflavones had little effect on 

DPPH radical scavenging activity. It revealed that the high DPPH 

radical scavenging activities of the complexes from S. sebiferum 

were mainly originated from the phenolic compounds (gallic acid, 

geraniin and chebulagic acid) adsorbed in the complexes. Therefore, 

the anthocyanins-soybean protein complexes from S. sebiferum are 

expected to be superior functional foods which possess the 

functionalities originated from not only soybean protein but also 

anthocyanins and other polyphenols.  

Identification of anthocyanin from S. sebiferum  

Since the anthocyanins-soybean protein complexes from S. 

sebiferum showed very strong DPPH radical scavenging activities, 

it is important to elucidate the chemical structure of the 

anthocyanin from S. sebiferum. For this purpose, the isolation and 

identification of anthocyanin from the red leaves of S. sebiferum 

were carried out. The isolated anthocyanin from S. sebiferum was 

identified as cyanidin 3-glucoside by the comparison of the 

spectral data (UV and Mass) of the authentic standard compound 

(cyanidin 3-glucoside) (Fig. 9). 
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Fig. 2  Structures of the six common anthocyanidins 
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Fig. 3  Chemical structures of isoflavones  

from soybean  
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Fig. 5 Amounts of the anthocyanins-soybean protein 

complexes and the precipitates of soybean 

protein  

 

1. defatted soyprotein    2. S. sebiferum (Chinese Tallow)  

3. Rhaphiolepis umbellate （yeddo hawthorn） 

4. Myrica rubra Sieb.et Zucc（bayberry）  

5. Prunus persica (L.) Batsch（peach）   

6. Fragaria x ananassa Duchesne（strawberry）  

7. blueberry  8. cranberry  9. raspberry   

10. black bean  11. purple sweet potato   

12 red potato  13. red onion  14. red cabbage    

15. eggplant  16. purple corn 
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Fig. 8  DPPH radical scavenging rates of 

anhocyanins-soybean protein complexes 

and the precipitates of soybean protein 

 
1.defatted soyprotein    2. S. sebiferum (Chinese Tallow )    

3. Rhaphiolepis umbellate （yeddo hawthorn）   

4. Myrica rubra Sieb.et Zucc （bayberry）  

5. Prunus persica (L.) Batsch （peach）  

6. Fragaria x ananassa Duchesne（strawberry）   

7. blueberry       8. cranberry     9. raspberry   

10. black bean  11. purple sweet potato  12. red potato   

13. red onion  14. red cabbage   15. eggplant  16. purple corn 
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Fig. 9  Chemical structure of anthocyanin isolated from  

red leaves of S. sebiferum 
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2.2  Extraction of various polyphenols using of defatted 

soybean protein 

Both of tea catechins (Ishimaru and Nonaka 2001) and 

anthocyanins (Huang et al. 2004a) were extracted successfully by 

using defatted soybean protein, which indicates that using defatted 

soybean protein for extraction of polyphenols is one of feasible 

methods. In order to widely utilize this method for extraction of 

various polyphenols, it is necessary to reveal what correlation 

exists between the chemical structure of polyphenol and the 

conjugational ability of polyphenol to soybean protein.  

Some studies (Hagerman and Butler, 1978, Bacon and Rhodes, 

2000, de Freitas and Mateus, 2001) describing influence of 

polyphenol structure on the binding of polyphenol to protein have 

been reported. Some reports have shown that the conjugations of 

polyphenols to protein were main hydrophobic combinations (Oh et 

al. 1980, Sarker et al. 1995) and the conjugational positions were 

mainly located on the aromatic rings or the hydroxyl groups 

combined with the aromatic rings of polyphenols (Siebert et al. 

1996). However, these studies have limited to interactions of a 

particular protein or narrow range of polyphenols, interactions of 

polyphenols and soybean protein have not been reported.  

In order to elucidate the relationships of chemical structures 

of polyphenols and the conjugation of polyphenols to proteins, the 

effects of 22 polyphenols on the conjugations of the polyphenols to 

defatted soybean protein were investigated. These polyphenols 

respectively belong to phenolic acids, condensed type tannins, 
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hydrolysable type tannins including gallotannins and 

ellagitannins.  

2.2.1  Materials and methods 

2.2.1.1  Materials and preparation of samples  

Twenty-two polyphenols (Fig. 10-1 and Fig. 10-2) i.e. 

(+)-catechin (C) (1), (-)-epicatechin (EC) (2), (-)-epicatechin 

3-O-gallate (ECG) (3), (-)-epigallocatechin 3-O-gallate (EGCG) (4), 

procyanidin B-1 (5), procyanidin B-3 (6), procyanidin C-1 (7), 

procyanidin B-1 3-O-gallate (8), procyanidin B-2 3’-O-gallate (9), 

gallic acid (10), methylgallate (11), bergenin (12), 

6-O-galloylbergenin (13), 1 , 2 , 3 , 6 - t e t r a -O-gal loy l- β

-D -gl uc ose  ( 14 ) ,  1,2,3,4,6-penta-O-galloyl-β-D-glucose (15), 

1-desgalloyleugeniin (16), eugeniin (17), geraniin (18), chebulagic 

acid (19), castalagin (20), vescalagin (21), rosmarinic acid (22) were 

dissolved in 10 % (V/V) dimethyl sulfoxide (DMSO) (0.3 ml) solution, 

respectively. And then various solutions containing 0.5 mM of the 

polyphenol were obtained, which were used as polyphenols 

solutions. In the twenty-two polyphenols, 1-4 are catechins; 5-９ 

belong to condensed polyphenols; 10, 11, 22 are phenolic acids; 

others are included in hrdrolysable tannins : 12-15 are members of 

gallotannins and 16-21 belong to ellagitannins. 

The defatted soybean protein extract, which was prepared as 

mentioned in 2.1.1.1, was adjusted to pH 4.5 and centrifuged at 8000 

rpm for 5 min. The precipitate was used as defatted soybean protein 

precipitate after lyophilisation. 
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Aliquots of the defatted soybean protein precipitate (each 10 

mg, DW) were mixed with the polyphenols solutions prepared as above 

(each 0.3 ml), respectively. The mixtures were allowed to stand for 

one hour at room temperature and then centrifuged at 10,000 rpm for 

5 min. The supernatants after filtration were subjected to HPLC 

analysis (as described in 2.1.1.2-b); the precipitates were washed 

with water for two times and lyophilized. These lyophilized 

precipitates were used as polyphenol-defatted soybean protein 

complexes. 

2.2.1.2  HPLC analysis of polyphenols in the complexes 

The polyphenol-defatted soybean protein complexes from 22 

polyphenols (each 10 mg, DW) were extracted with 50 % aqueous 

acetone (0.3 ml) for 16 hours at room temperature in the dark. After 

filtration, each extract was subjected to HPLC analysis (as 

described in 2.1.1.2-b). As control, the precipitate of defatted 

soybean protein was also extracted and analysed in the same ways. 

The adsorption rate of the polyphenol was calculated 

according to the following formula: 

Adsorption rate (%) = 100 (1 –A1/A2) 

Here, A1 is the amount of polyphenol in the supernatant; A2 is the 

amount of polyphenol in 0.3 ml polyphenol solution from 22 

polyphenols. 

The elution rates of 22 polyphenols were calculated according 

to the following formula:  

Elution rate (%) = 100 × B1/B2 
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Here, B1 is the amount of polyphenol extrated from the complex; B2 is 

the amount of polyphenol in 0.3 ml polyphenol solution from 22 

polyphenols. 

2.2.2  Results and discussion 

The adsorption rates and elution rates of 22 polyphenols are 

shown in Table 2. catechins and condensed tannins showed higher 

adsorption rates than hydrolysable tannins when they have the 

same number of galloyl moiety. For example, the adsorption rates 

of 3, 4, 8 and 9 (catechins or condensed type tannins) were 77.6%, 

80.4%, 67.5% and 69.5%, respectively, while that of 12 (hydrolysable 

type tannin) was only 10.5%, although all of these polyphenols (3, 4, 

8, 9 and 12) had one galloyl moiety.  

The adsorption rates of 15, 14, 13 and 12 (gallotannins) were 

84.2 %, 74.1 %, 49 % and 10.5 %, respectively; and the number of galloyl 

moieties in these polyphenols (15, 14, 13 and 12) was five, four, two 

and one, respectively. It indicated that the adsorption rate of the 

gallotannins increased with the number of galloyl moieties in them.  

The hydrolysable tannins (14, 15, 17, 18 and 19) with a galloyl 

moiety which are esterified at C-1 of the glucose, showed very high 

adsorption rate (74.1-84.2%), while 12 and 13 which have a galloyl 

moiety esterified at C-2 of the glucose, showed relatively low 

adsorption rate (10.5% and 49.0%, respectively). It suggested that 

the existence of galloyl moiety esterified at C-1 of the glucose 

could increase the conjugation of polyphenol to soybean protein.  

These results indicated that galloyl moieties were very 
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important for the conjugation of polyphenols to soybean protein. 

Although 14 and 16 have the same number of galloyl units and 

similar molecular weight (788 and 786, respectively), the 

adsorption rate of 14 (74.1%) was higher than that of 17 (59.1%). 

Similar phenomenon was observed between 15 and 17 (Table 2). It was 

presumed that the formation of HHDP (hexahydroxydiphenoyl) unit 

which is formed from two galloyl units linkage each other through 

their aromatic carbon atoms, could decrease the conjugation of 

polyphenol to soybean protein. For this reason, gallotannins (i. g. 

14 and 15) were easier to conjugate to soybean protein than 

ellagitannins (i. g. 16 and 17) when they have the same number of 

galloyl units and similar chemical structures. 

The adsorption rates of 20 and 21 (ellagitannins) were only 

58.9% and 49.5% respectively, although they have many hydroxyl 

groups and a large molecular weight as well as other ellagitannins 

(i. g. 18 and 19) which showed high adsorption rate (about 83%). It is 

presumed that the open-chain glucose structure of 20 and 21 was 

the main reason that resulted in the decrease of the adsorption 

rates. 

The adsorption rates of phenolic acids (10, 11 and 22) were 

lower than those of most of other type polyphenols (condensed type 

tannins and hydrolysable type tannins). The influences of molecular 

weight and the number of hydroxyl groups in polyphenols on 

conjugation were still unclear. 

The elution rates of most of polyphenols (except for 20 and 21) 

were near to their adsorption rate to defatted soybean protein. It 
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showed that most of polyphenols adsorbed to defatted soybean 

protein were easily extracted from the complexes. 
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Table ２  Parameters related to conjugational abilities of 

various polyphenols to defatted soybean protein 

 

 

 

 

1. 10 mg of autoclaved soybean protein was mixed with 0.3 ml of polyphenol solution (final 

concentration, 0.5 mM). The mixture was centrifuged at 10,000 rpm for 5 min. 

Polyphenols in the precipitates were extracted with 50 % aq. Me2CO for 16 hours, and 

then were analyzed by HPLC. 

2.  MW: molecular weight  
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2.3 Extraction of tea polyphenols using various bean 

protein 

Today, tea is consumed throughout the world and widely 

available in foods, beverage and cosmetic products because of its’ 

various physiological functions (Wang et al. 2000). How to improve 

the functions of tea and how to explore some tea products with some 

new functions are the hot topics in recent years. On the other hand, 

legumes have gotten increasing attention for their many 

physiological functions such as cholesterol reduction and 

anti-fatness (Anderson et al. 1995). Tea catechins-soybean protein 

complex, a new food material, was successfully prepared by using 

soy bean protein and showed antibacterial activities and other 

bioactivities in the rats’ experiments (Ishimaru and Nonaka 2001, 

Alim et al. 2003, 2004). 

Although soybean protein was proved to be good material for 

the extraction of polyphenols (such as anthocyanins and tea 

catechins) (Ishimaru and Nonaka 2001, Huang et al. 2004a), the 

effects of the protein from other beans on the extraction of 

polyphenols are still unclear. In order to obtain better protein 

materials from other beans (besides soybean protein) for the 

extraction of polyphenols, in this study, the extraction of tea 

polyphenols by using bean protein from six bean species was 

attempted.  
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2.3.1 Materials and methods 

Chemicals  

Caffeine and tea polyphenols i.e. G, C, EC, ECG, EGCG, 

(-)-gallocatechin (GC), (-)-epigallocatechin (EGC) were purchased 

from Sigma Co. Ltd. in Japan. All of them were used as authentic 

standards. The chemical structures of them were shown in Fig. 10-1 

and Fig. 11, respectively. 

Preparation of tea extract 

Dried green tea (C. sinensis) leaves (25 g, from Kagoshima 

Prefecture, in Japan) were extracted with 500 ml hot water (85 ℃) 

for 2 hours. Then the extract was filtered through 4-fold gauze and 

used as tea extract.  

Preparation of the extracts of bean protein  

six bean species i.e. Azuki bean, black bean, Uzura bean, 

Taishoukintoki bean, Dainagon bean, soybean and defatted 

soybean were used as materials of bean protein (Fig. 12). 

Various bean species (each 50 g, DW) after crushing were 

respectively mixed with 500 ml water and autoclaved (121 ℃, 15 min). 

The autoclaved mixtures were filtered through 4-fold gauze, and 

the filtrates were used as extracts of degenerated bean protein. 

The mixtures of various bean species (each 50 g, DW) and 500 ml 

water were mixed and homogenized after steeping for 16 hours at 

room temperature. The homogenized mixtures were filtered through 

the filter paper set in the BÜchner funnel, and the filtrates were 
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used as extracts of non-degenerated bean protein. 

Preparation of bean protein-catechins complexes  

The extract of degenerated bean protein as well as the 

extract of non-degenerated bean protein was mixed with tea 

extract, respectively. The mixtures were adjusted to pH 4.5 and 

precipitates occurred in this condition. Then the mixtures were 

centrifuged at 10000 rpm for 5 min. The supernatants after 

filtration were subjected to HPLC analysis (as described in 

2.1.1.2-b). The precipitates (complexes) were washed with water 

for two times and then lyophilized. The lyophilized precipitates 

were used as bean protein-catechins complexes (Fig. 13.). 

As controls, the extracts of degenerated and non-degenerated 

bean protein were also adjusted to pH 4.5 and the precipitates 

occurred. The supernatants were subjected to HPLC analysis. The 

precipitates were lyophilized and used as the precipitates of 

degenerated and non-degenerated bean protein, respectively. 

 

 HPLC analysis of catechins from bean protein-catechins 

complexes 

The bean protein-catechins complex (20 mg) was extracted 

with 50 % aqueous acetone (5 ml) for 16 hours at room temperature in 

the dark. The extraction was subjected to HPLC analysis (as 

described in 2.1.1.2-b) after filtration. 

The adsorption rate of catechin was calculated according to 

the following formula:  
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Adsorption rate (%) = 100 – 100 × C1/C2 

Here, C1 is the amount of catechin in the supernatant of the mixture 

of bean protein and tea extract; C2 is the amount of catechin in the 

tea extract.  

The content of eluted catechins from bean protein-catechins 

complex was calculated according to the following formula: 

Content (μg/mg) = D1/D2 

Here, D1 is the amount of catechin extracted from bean 

protein-catechins complex; D2 is the dry weight of bean 

protein-catechins complex. 

 

Measurement of DPPH radical scavenging activity  

The bean protein-catechins complexes (each 20 mg) as well as 

the precipitates of degenerated and non-degenerated bean protein 

(20 mg) were respectively extracted with 5 ml acetate buffer (pH 2.5) 

for 16 hours in the dark at room temperature, and the extractions 

were centrifuged at 10000 rpm for 5 min. Aliquots of the supernatant 

were diluted with acetate buffer (pH 2.5), and the final 

concentrations of the diluted solutions were equalled to 1/2, 1/4, 1/8, 

1/16, 1/32 of the original concentration of the supernatant, 

respectively. The supernatant (0.5 ml) as well as the diluted 

solution (0.5 ml) was mixed with equivalent 0.02 % (W/V) ethanol 

solution of DPPH. The mixture of acetate buffer (pH 2.5) (0.5 ml) and 

0.02 % (W/V) ethanol solution of DPPH (0.5 ml) was used as control; 

the mixture of EtOH and acetate buffer was used as blank control. 
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After violently shaking, the mixtures (with DPPH) were allowed to 

stand for 20 min in the dark at room temperature. Then absorbencies 

of mixtures were measured at 517 nm, and the DPPH radical 

scavenging rates (%) of the samples were calculated by using the 

formula mentioned in 2.1.1.3. The DPPH radical scavenging activity 

was expressed as IC50 value (mg/ml, concentration required to 

scavenge 50% DPPH free radicals) calculated from a log-dose 

inhibition curve (Yokozawa et al. 1998).  

 

2.3.2 Results and discussion 

Amounts of various bean protein-catechins complexes 

Prepared bean protein-catechins complexes and bean protein 

precipitates are shown in Fig. 13. The amounts of the complexes 

from non-degenerated bean protein (except for non-degenerated 

defatted soybean protein) were much larger than those of the 

complexes from degenerated beans protein (Fig. 14). Among the 

complexes from degenerated bean protein, those from defatted soy 

bean and black bean showed larger yield; and among the complexes 

from non-degenerated beans protein, those from black bean and 

soybean showed larger yields (Fig.14). Therefore, to obtain large 

amount of complexes, soybean and black bean seemed to be better 

than other beans. 
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Adsorption rates of catechins adsorbed in various bean 

protein-catechins complexes 

Adsorption rates of catechins to all of the complexes 

(including those complexes from degenerated bean protein and 

non-degenerated bean protein) were almost at the same level (Fig. 

15). The adsorption rates of catechins ranged from 29 % to 89 %. 

Among all the catechins, EGCG showed the highest adsorption rate 

(56.8 %-89.2 %) in each complex, ECG showed higher adsorption rate 

compared to other catechins and caffeine. Since both of EGCG and 

ECG possess galloyl moiety, these results suggested that the 

catechins with galloyl moiety were easily conjugated with bean 

protein.  

Contents of catechins in various bean protein-catechins complexes  

Among all the catechins, EGCG showed the highest content in 

each complex, ECG also showed higher content compared to other 

catechins and caffeine (Fig. 16). Since similar tendency was also 

observed in the adsorption rates of EGCG and ECG, these results 

showed that the catechins with galloyl moiety (EGCG and ECG) were 

easily conjugated to the proteins from various beans and also 

easily extracted from the complex. The complexes from the 

degenerated bean protein showed significantly higher contents of 

catechins than those from the non-degenerated bean protein. It 

indicated that the conjugations of catechins to degenerated bean 

protein were more efficient than those of catechins to 

non-degenerated bean protein. Among the complexes from 
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degenerated bean protein, the complexes from black bean, Azuki 

bean, soybean and defatted soybean showed higher content of 

catechins. Therefore, the degenerated proteins from black bean, 

Azuki bean, soybean and defatted soybean were considered as 

efficient materials for extraction of catechins. 

DPPH radical scavenging activities of various bean 

protein-catechins complexes 

DPPH radical scavenging activities of the precipitates from 

various bean proteins were very weak compared with those of the 

complexes (Fig. 17 and Fig. 18). The complexes from degenerated 

bean protein showed remarkably stronger DPPH radical scavenging 

activities than those from non-degenerated bean protein (Fig. 17). 

Among the complexes from degenerated bean protein, the complexes 

from Azuki bean, Taishoukintoki beans, black bean and defatted 

soybean showed very strong DPPH radical scavenging activities, 

with IC50 values of 0.069 mg/ml, 0.082 mg/ml, 0.247 mg/ml and 0.229 

mg/ml, respectively. Obviously, the complexes with higher contents 

of catechins showed stronger DPPH radical scavenging activities. It 

indicated that the DPPH radical scavenging activities of the 

complexes were mainly originated from the catechins adsorbed in 

the complexes.  

The protein precipitates from Azuki bean, black bean, 

taishoukintoki bean, Dainagon bean and Uzura bean showed very 

weak DPPH radical scavenging activities, while the protein 

precipitates from soybean and defatted soybean hardly showed 
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DPPH radical scavenging activity (Fig. 18). It was presumed that 

anthocyanins originally contained in theses beans (Azuki bean, 

black bean, Taishoukintoki bean, Dainagon bean and Uzura bean) 

were conjugated with the protein precipitates showing weak DPPH 

radical scavenging activities. In addition, the DPPH radical 

scavenging activities of the degenerated protein precipitates were 

stronger than those of the non-degenerated protein precipitates 

(Fig.18). It suggests that the degenerated bean proteins might 

easily conjugate with the anthocyanins while non-degenerated 

bean proteins did not.  

These results indicated that anthocyanins from beans also 

might be adsorbed in the complexes, and enhanced the DPPH radical 

scavenging activities of the complexes. Hence, the stronger DPPH 

radical scavenging activities of the complexes from degenerated 

Azuki bean and Taishoukintoki bean were originated from not only 

catechins but also anthocyanins of the beans; similar results were 

also obtained in the complexes from black bean, Dainagon bean and 

Uzura bean. 

All of the complexes from degenerated bean proteins showed 

very strong DPPH radical scavenging activities, especially the 

complexes from Azuki bean, Taishoukintoki bean and black bean. 

Therefore, the degenerated proteins from all of the beans were 

suitable for extraction of catechins, especially degenerated 

proteins from Azuki bean, Taishoukintoki bean and black bean were 

better than those from other bean. Moreover, these complexes are 

expected to be novel functional food materials which possess 
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functionalities originated from bean anthocyanins, bean proteins 

and tea catechins.  

 

2.4  Conclusion 

In this chapter, various polyphenols such as anthocyanins, 

catechins, hydrolysable tannins, condensed tannins and some 

monomer polyphenols were successfully extracted using soybean 

protein. It was found that galloyl moieties of polyphenols are very 

important for the conjugation of polyphenols to bean protein. For 

the extraction of catechins, the degenerated bean protein was more 

efficient than non-degenerated bean protein. Azuki bean, 

Taishoukintoki bean and black bean which contain anthocyanins are 

considered to be better protein materials for the extraction of 

polyphenols. 

In conclusion, an efficient methodology was established using 

bean protein via preparation of polyphenols-bean protein 

complexes. Furthermore, these complexes are anticipated to be used 

as a new type of food materials which possess functionalities 

originated from bean protein and polyphenols. 
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Fig. 11  Chemical structures of tea catechins and caffeine 

(-)-gallocatechin (GC)    (-)-gallocatechin 3-O-gallate (GCG)  

(-)-catechin 3-O-gallate (CG)    (-)-epigallocatechin (EGC)     
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      Fig. 12  Various beans used for extraction  

of catechins 

1. Uzura bean   2. Dainagon bean   3. Taishoukintoki bean  

4. Azuki bean       5. black bean   6. soybean 
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        Fig. 13  Protein precipitates and protein-catechins 

complexes from various beans 

1. non-degenerated Uzura bean protein precipitate  

2. non-degenerated Uzura bean protein-catechins complex  

3. degenerated Uzura bean protein precipitate     

4. degenerated Uzura bean protein-catechins complex  

5. non-degenerated Taishoukintoki bean protein precipitate  

6. non-degenerated Taishoukintoki bean protein-catechins complex   

7. degenerated Taishoukintoki bean protein precipitate  

8. degenerated Taishoukintoki bean protein-catechins complex. 
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   Fig. 14  Amounts of protein-catechins complexes from 

various bean（DW） 

1. (－N :non-degenerated bean protein,  －D : degenerated bean protein) 

2.  C: (+)-catechin,  EC: (-)epicatechin,     

EGC: (-)-epigallocatechin,    

ECG: (-)-epicatechin 3-O-gallate,  

EGCG: (-)-epigallocatechin3-O-gallate 
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Fig. 15  Absorption rates of catechins adsorbed in 

protein-catechins complexes from various beans 

1.  (－N :non-degenerated bean protein,  －D : degenerated bean protein) 

2.  C: (+)-catechin,    EC: (-)epicatechin,   

EGC: (-)-epigallocatechin, 

ECG: (-)-epicatechin 3-O-gallate,  

EGCG: (-)-epigallocatechin 3-O-gallate 
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Fig. 16  Contents of catechins from various bean 

     protein-catechins complexes (DW) 

1.  (－N :non-degenerated bean protein,  －D : degenerated bean protein) 

2.  C: (+)-catechin,  EC: (-) epicatechin,    

EGC: (-)-epigallocatechin, 

ECG: (-)-epicatechin 3-O-gallate,  

EGCG: (-)-epigallocatechin 3-O-gallate
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Fig. 17  DPPH scavenging activities of various bean 

protein-catechins complexes  

1.  (－N :non-degenerated bean protein,  －D : degenerated bean protein) 

2.  C: (+)-catechin,     EC: (-) epicatechin,       

EGC: (-)-epigallocatechin, 

ECG: (-)-epicatechin 3-O-gallate,   

EGCG: (-)-epigallocatechin 3-O-gallate 
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Fig. 18  DPPH scavenging activities of protein precipitates  

(－N: non-de : degenerated bean protein) 

from various beans (IC50) 

generated bean protein, －D
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CHAPTER 3 

HEATING PROCESSING OF PLANT MATERIALS CONTAINING 

POLYPHENOLS 

The influence of heating processing on the components of 

food was widely investigated (Bergamo et al. 2003, Jensen et al. 

1995, Rohn et al. 2007). The nutritional components such as 

vitamin, carotenoids were reported to be degraded during the 

heat processing in many studies (Awuah et al. 2007, 

Rattanathanalerk et al. 2005). In recent years, there are also 

some reports on the influence of various domestic thermal 

processing (i.e. frying, microwave heating, cooking, boiling and 

roasting processes) on the changes in contents of some monomer 

polyphenols (Ioku et al. 2001, Brenes et al. 2002, Stintzing et al. 

2006, Mathias et al. 2006). However, the influences of autoclave 

processing on the changes in chemical structures of 

polyphenols are rarely reported (Rohn et al. 2007). In this 

experiment, in order to clarify the chemical transformations of 

catechins and hydrolysable tannins, the materials from several 

plants (C. sinesis, S. sebiferum and P. urinaria) containing 

catechins or hydrolysable tannins were autoclaved. The changes 

in the contents and chemical structures of polyphenols were 

investigated and the reaction products were also indentified 

during autoclave processing. 
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3.1  Heating processing of tea polyphenols 

 

Generally, in various tea (such as green tea and black tea) 

leaves, the contents of epicatechin derivatives i.e. EGCG (4%-9% 

of dry weight of tea leaves) and ECG (0.8%-1.8% of dry weight of 

tea leaves) are very high, while the contents of GCG 

[(-)-gallocatechin 3-O-gallate] (less than 0.1% of dry weight of 

tea leaves) and CG  [(-)-catechin 3-O-gallate] (about 0.02% of 

dry weight of tea leaves) are very low (Nishitani and Sagesaka 

2004). 

Recently, it was reported that GCG and CG were more 

effective than EGCG and ECG against cholesterol adsorption 

(Ikeda et al. 2003). However, little is known about the 

functionality of GCG and CG. These gallocatechin type tea 

polyphenols (GCG and CG) are considered to be originated from 

the epimerization of EGCG and ECG during procedure of thermal 

manufacture of commercial tea drinks (Xu et al. 2003). However, 

these conversions of EGCG and ECG have not been reported in the 

tea leaves and tea aqueous extracts.  

In order to further elucidate the changes in structures and 

composition of catechins in various tea materials during 

heating processing, various tea materials (i.e. tea leaves, tea 

aqueous extract and commercial tea drinks) were autoclaved. 

And the changes in contents and composition of catechins were 

investigated in this experiment. 
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3.1.1 Materials and methods 

Chemicals  

Caffeine and tea polyphenols i.e. G, GC, C, EGC, EC, EGCG, ECG, 

(-)-gallocatechin 3-O-gallate (GCG), (-)-catechin 

3-O-gallate (CG) were purchased from Sigma Co. Ltd. in Japan. 

All of them were used as authentic standards. The chemical 

structures of them were shown in Fig. 10-1 and Fig. 11 

 

Conditions of HPLC analysis  

The HPLC conditions were identical to those mentioned in 

2.1.1.2-b. 

 

Preparation of non-autoclaved and autoclaved tea leaves and 

HPLC analysis 

The fresh tea leaves were collected in Ureshino city of 

Saga prefecture (Japan) in June, 2003. Some of the fresh leaves 

were autoclaved and then dried at 60 ℃ overnight (as autoclaved 

leaves); others were dried immediately at 60 ℃ overnight (as 

non-autoclaved leaves). Both of non-autoclaved and autoclaved 

leaves from fresh tea leaves (each 8 g, DW) were extracted with 

100 ℃ water (each 20 ml) for 6 min. The extracts were subjected to 

HPLC analysis after filtration through Millex LH filter ® (0.45 μ

l), respectively. 

Two of aliquots of commercial tea leaves (each 1 g, DW) 

were respectively mixed with 1 ml water. One of aliquots was 

 58



autoclaved and dried at 60 ℃ overnight. These dried commercial 

green tea leaves were used as autoclaved commercial tea leaves.  

Another of aliquots was directly dried at 60 ℃ and used as 

non-autoclaved commercial tea leaves. Both of the 

non-autoclaved and autoclaved commercial tea leaves (each 40 

mg) were extracted with 50 % MeOH (2 ml) for 16 hours. The 

extracts were subjected to HPLC analysis after filtration 

through Millex LH filter ® (0.45 μl), respectively. 

 

Preparation of non-autoclaved and autoclaved tea drinks and 

tea extract and HPLC analysis 

Five tea drinks i.e. CATECHIN-SHIKI RYOKUCHA, PAN FIRED 

JAPAN Tea, NAMACHA, MAROCHA CHABANOKOU and FAN OOLONGCHA 

were purchased from market in Saga, Japan. Each drink was 

divided into two aliquots. One of the aliquots was subjected to 

HPLC analysis after filtration as non-autoclaved tea drink. 

Another of aliquots was autoclaved and then subjected to HPLC 

analysis after filtration as autoclaved tea drink.  

The commercial green tea leaves (2 g, DW) were extracted 

with 100 ℃ water (100 ml) for 5 min and then filtered through the 

filter paper (ADVANTEC No. 3). The filtrate was divided into two 

aliquots. One of the aliquots was subjected to HPLC analysis as 

non-autoclaved tea extract. Another of aliquots was autoclaved 

and then subjected to HPLC analysis as autoclaved tea extract. 
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3.1.2  Results and Discussion  

Transformations of catechins in tea leaves after autoclaving 

In non-autoclaved tea leaves, EGCG (1.22% from the fresh 

tea leaves, 5.74% from the commercial tea leaves, DW) and ECG 

(0.80% from the fresh tea leaves, 1.93% from the commercial tea 

leaves, DW) were the main gallate type epicatechins, and GCG and 

CG were not detected (Fig. 19A and Fig. 20A). On the contrary, in 

the autoclaved leaves, high levels of GCG (2.58% from the fresh 

tea leaves, 2.92% from the commercial tea leaves, DW) and CG 

(0.24% from the fresh tea leaves, 0.57% from the commercial tea 

leaves, DW) were detected. In addition, the decreases of EGCG and 

ECG were also observed in the tea leaves after autoclaving (Fig. 

19 and Fig. 20). In the case of the commercial tea leaves, after 

autoclaving, the content of EGCG decreased from 5.74% to 3.37%, 

and that of ECG decreased from 1.93% to 1.36% (Fig. 20).  

Xu et al. pointed out that epimerisation of catechins (such 

as EGCG and ECG) might occur and converse to their isomers 

(such as GCG and CG) during manufacturer processing of 

commercial tea drinks (such as canned and bottled tea drinks) 

(Xu et al. 2003). Thus, it was considered that EGCG and ECG (in the 

non-autoclaved tea leaves) were epimerised and conversed to 

GCG and CG (in the autoclaved tea leaves) during autoclaving 

processing in this experiment. Significant increase of GC and C 

were also observed in the tea leaves after autoclaving (Fig. 19 

and Fig. 20). It suggested that the conversions of non-gallate 

type epicatechin derivatives (EGC and EC) to their epimers (GC 
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and C) also occurred during autoclave processing. It showed that 

the epimerisation occurred in epicatechin derivatives (EGCG, 

ECG, EGC and EC) during autoclave processing of tea leaves.  

Although the non-autoclaved tea leaves were treated at 

60℃, GCG and CG were not detected in them after treatment (Fig. 

19 and Fig. 20). It is suggested that high temperature is 

necessary for the epimerization of catechins.  

It has been reported that the contents of GCG (less than 

0.1% of dry weight of tea leaves) and CG (about 0.02% of dry weight 

of tea leaves) are generally very low in green tea, Oolong tea or 

black tea (Nishitani and Sagesaka 2004). In this experiment, the 

contents of GCG and CG in the autoclaved tea leaves were about 

29 times as those of GCG and CG in tea leaves reported in the 

literature (Nishitani and Sagesaka 2004). Accordingly, it is 

considered that autoclave processing is an efficient method for 

production of tea leaves with high contents of GCG and CG. In 

addition, these autoclaved tea leaves are expected to be used as 

new materials in food and pharmaceutical fields since they 

contain higher contents of GCG, CG, GC and C compared to the 

original tea leaves. 

 

Transformations of catechins during autoclave processing of 

tea aqueous extract  

As shown in Table 3, GCG (0.59 mg/ml) and CG (0.08 mg/ml) 

were detected in the autoclaved tea extract, while they were not 

detected in the non-autoclaved tea extract. Increases of GC 

(0.14 mg/ml) and C (0.08 mg/ml) were also observed after 
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autoclave processing. In addition, the decrease of EGCG 

concentration (0.53 mg/ml) was near to the increase of GCG 

concentration (0.59 mg/ml). Similar trends were also observed 

for other pairs, i.e. ECG and CG, EC and C, EGC and GC. These 

results showed that the epicatechin derivatives (EGCG, ECG, EGC 

and EC) also epimerised and conversed to their isomers (GCG, CG, 

GC and C) during autoclave processing of tea aqueous extract. Xu 

et al. also obtained the similar results in the thermal 

processing of canned and bottled tea drinks, in which 

epicatechin derivatives (EGCG, ECG, EGC and EC) were added. 

 

Changes in the concentration of catechins in commercial tea 

drinks during autoclave processing  

As shown in Table 3, GCG and CG, which were undetectable in 

non-autoclaved tea leaves and extract, were detected in all of 

the non-autoclaved tea drinks at the same levels as EGCG and ECG, 

respectively. It indicated that epimerisation of epicatechin 

derivatives have occurred during manufacture processing of 

commercial tea drinks. Except for GC, all of the catechins in the 

commercial tea drinks degraded in different degree after 

autoclaving. These results suggested that epimerisation of most 

epicatechin derivatives had reached maximum level during 

manufacture processing of commercial tea drinks and further 

thermal processing only caused the degradation of most 

catechins.
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Fig. 19  HPLC profiles of hot water extract from 

fresh tea leaves 

(A) non-autoclaved  (B) autoclaved 
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Fig. 20   HPLC profiles of MeOH extract from 

         commercial tea leaves 

(A) non-autoclaved  (B) autoclaved 
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3. 2  Heating processing of materials containing 

hydrolysable tannin 

It was known that transformations of catechins occurred 

during heating processing (Huang et al. 2004c). However, the 

transformation of hydrolysable tannins during heating 

processing was rarely reported. 

Geraniin is known as the main hydrolysable tannin of G. 

thunbergii (a traditional herb) and usually used for the remedy 

of gastric ulcer and medicine for intestinal disorders, 

possesses many bioactivities such as antihypertensive activity 

(Cheng et al. 1994), effects of cancer prevention (Fujiki et al. 

2003), HIV (human immunodeficiency virus) inhibitory activity 

(Notka et al. 2003). Although S. sebiferum and P. urinaria also 

contain a large amount of geraniin as well as G. thunbergii, they 

have still not widely utilized in pharmacy and food fields. In 

China and India, P. urinaria is usually used for the remedy of B 

virus hepatitis, since it possesses various bioactivities i.g. 

antibacterial activity and anti-inflammation activity (Cheng 

et al. 1995). From ancient times, S. sebiferum has been used as 

diuretic, antiphlogistic and insectifuge in China. Recently, 

some components of antihypertensive activity (Hsu et al. 1994), 

anti-herpes activity (Kane et al. 1988) and antitumor (Liu et al. 

1988) were isolated from this plant.  

In this experiment, in order to clarify the influence of 

heating processing on the composition and chemical structures 

of hydrolysable tannins, the leaves of S. sebiferum and P. 

urinaria were autoclaved and the DPPH scavenging activities of 
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processed materials were also determined. 

 

3.2.1  Materials and methods 

Chemicals 

Gallic acid (G), geraniin (18), corilagin and brevifolin 

carboxylic acid were isolated from Euphorbiaceous plants 

(Saijo et al. 1989); Ellagic acid was purchased from Sigma Co. 

Ltd., Japan. All of them were used as authentic standards. The 

chemical structures of them were shown in Fig. 10-1, Fig. 10-2 

and Fig. 21. 

 

Conditions of HPLC analysis  

The HPLC conditions were identical to those mentioned in 

2.1.1.2-b. 

 

Preparation of non-autoclaved and autoclaved leaves and HPLC 

analysis 

The fresh leaves of S. sebiferum and P. urinaria were 

respectively collected in Saga University in June and November, 

2005. The fresh leaves (each 5 g) were autoclaved and then dried 

at 60℃ overnight. The dried leaves (each 0.02 g) after grounding 

were extracted with 2 ml MeOH for 16 hours at room temperature 

in the dark. The extracts (each 3 μl) were subjected to HPLC 

analysis after filtration through Millex LH filter ® (0.45 μl). As 

controls, the fresh leaves of the two plants (each 5 g) without 

autoclave treatment were directly dried at 60℃ overnight. The 
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non-autoclaved leaves (each 0.02 g) were also extracted with 2 

ml MeOH and the extracts were also subjected to HPLC analysis 

after filtration. 

 In addition, geraniin (1.2 mg) were dissolved with 2 ml H2O 

using sonicator and then the solution was filtered through 

Millex LH filter® (0.45 μl). The filtrate was divided into two 

aliquots. 6μl of an aliquot was subjected to HPLC analysis; 

another aliquot was autoclaved and cooled to room temperature 

prior to HPLC analysis. 

 

Measurement of DPPH radical scavenging activity   

Autoclaved leaves and non-autoclaved leaves of S. 

sebiferum and P. urinaria (each 0.03 g, DW) were respectively 

extracted with 3 ml MeOH for 16 hours at room temperature in the 

dark. The extract was filtered through filter paper and DPPH 

radical scavenging activity of the filtrate was measured as 

described in 2.1.1.3. 

 

3.2.2  Results and Discussion  

The contents of polyphenols in S. sebiferum and P. urinaria 

leaves (autoclaved and non-autoclaved leaves) were shown in 

Table 4. In non-autoclaved leaves, the contents of geraniin were 

55.63 mg/g (dry weight) in leaves of P. urinaria and 55.42 mg/g in 

those of S. sebiferum, respectively, while the contents of other 

polyphenols were very low. It showed that geraniin is the main 

polyphenol in the non-autoclaved leaves of the two plants. In 
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the autoclaved leaves, remarkable decrease of geraniin and 

increase of other four polyphenols (gallic acid, corilagin, 

ellagic acid and brevifolin carboxylic acid) were observed 

(Table 4). 

In addition, the concentration of geraniin in geraniin 

aqueous solution decreased from 0.5 mg/ml (before autoclaving) 

to 0.1 mg/ml after autoclaving, simultaneously, the productions 

of gallic acid (0.03 mg/ml), corilagin (0.05 mg/ml), ellagic acid 

(0.01 mg/ml) and brevifolin carboxylic acid (0.01 mg/ml) were also 

confirmed in the autoclaved aqueous solution of geraniin (Fig. 

22 A and B).  

These results suggested that the four polyphenols were 

originated from geraniin during autoclaved processing. It is 

deduced that autoclave processing caused the hydrolysis 

reaction of the five ester linkages of geraniin and the reaction 

products of the hydrolyzation were converted to various 

compounds (including the four polyphenols) through reaction of 

dehydrogenation or decarboxylation. Okada et al. reported the 

decrease of geraniin and the productions of corilagin and 

ellagic acid during the decoction of G. thunbergii, while the 

production of brevifolin carboxylic acid was not observed 

(Okuda et al. 1979). Hence, it is concluded that production of 

brevifolin carboxylic acid only occurred during the processing 

of geraniin at high temperature such as autoclave processing. 

As shown in Fig. 23, both the autoclaved leaves and 

non-autoclaved leaves showed the strong DPPH radical 

scavenging activities. It suggests that the four polyphenols in 
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the autoclaved leaves also possess strong activities as well as 

geraiin in the non-autoclaved leaves. 

It is well known that ellagic acid is widely used as food 

antioxidant or the constituent of cosmetics since it possesses 

strong antioxidative activity; recently, many bioactivities of 

elllagic acid such as antitumor effect (Bhosle et al. 2005), 

antivirus effect (Shin et al. 2005) and inhibitory effect to 

proliferation of cancer cells (Losso et al. 2004), were also 

reported. Corilagin was thought to possess cancer prevention 

effect (Fujiki et al. 2003) and hypertensive effect (Cheng et al. 

1995). It has been suggested that brevifolin carboxylic acid may 

play a role in protection against dioxin toxicity (Amakura et al. 

2003). In this experiment, brevifolin carboxylic acid which has 

not been detected from fresh materials of S. sebiferu, was 

detected in the autoclaved leaves of the two plants. Since 

autoclaved leaves of two plants contain these four polyphenols, 

while non-autoclaved leaves mainly contain geraniin, different 

bioactivities are expected in the autoclaved leaves (compared 

to those of non-autoclaved leaves). Taking into account the 

stability of these four polyphenols in heating processing, the 

autoclaved leaves containing amounts of the four polyphenols 

are potential to become novel materials in food or 

pharmaceutical industries which need heating processing. 
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3.3  Conclusion 

During the autoclave processing of tea leaves and 

aqueous tea extracts, epicatechin derivatives (EGCG, ECG, EGC 

and EC) epimerised and converted to their isomers (GCG, CG, GC 

and C). By autoclave treatment, tea leaves containing high 

content of GCG and CG were obtained, which are expected as 

new materials in food and pharmaceutical fields. In addition, 

it is considered that autoclave treatment of green tea leaves 

is an efficient way for the production of GCG and CG. 

It was also clarified that geraniin were remarkably 

degraded and transformed into four polyphenols (gallic acid, 

corilagin, ellagic acid and brevifolin carboxylic acid) during 

autoclave processing of S. sebiferum and P. urinaria leaves. 

During autoclave processing, the five ester linkages of geraniin 

were cleaved and the four polyphenols formed from the reaction 

products of this cleavage through reaction of dehydrogenation 

or decarboxylation. The DPPH radical scavenging activities of 

these four polyphenols seemed to be almost identical with that 

of geraniin. Taking into account the stability of these 

polyphenols in heating process, autoclaved leaves of these two 

plants seemed to be good materials for new food ingredients. 

Therefore, autoclave processing is a practical and 

efficient method for transformation of various polyphenols. In 

this experiment, valuable findings were provided for the 

development of new functional materials containing 

polyphenols. 
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Table 4 Contents (mg/g, as dry weight) of Polyphenols in 

        S. sebiferum and P. urinaria leaves 
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Fig. 22  HPLC profiles of geraniin aqueous solution 

(A) non-autoclaved    (B)   autoclaved 

 

 

 

 

 

 

 

 74



 

 

 

 

 

D
PP

H
 ra

di
ca

l s
ca

ve
ng

in
g 

ac
tiv

ity
 (%

)

65.0

70.0

75.0

80.0

85.0

90.0

95.0

100.0

S. sebiferium
S. sebiferium *

P. urinaria
P. urinaria *

 

 

 

 

 

 

 

 

 

 

Fig. 23  DPPH radical scavenging activities of the extracts 
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CHAPTER 4 

FERMENTATION OF PLANT MATERIALS CONTAINING 

POLYPHENOLS  

Fermented foods are popular all over the world because the 

nutritional value, sensory properties and functional qualities 

of food materials may be improved during the fermentation with 

microoganisms (Blandino et al. 2003). It was reported that the 

processing of fermentation with microorganisms has great 

influence on the chemical constituents of various fermented 

products (Yin et al. 2004, Wang and Murphy 1994). It is believed 

that the microorganisms play important roles in the changes of 

bioactivities and the formation of new chemical constituents 

during fermentation (Zhou et al. 2005, Zhu et al. 2007 and Chang 

et al. 2007).  

Usually, the fermentations of most of traditional 

fermented products are natural and various microoganisms such 

as some bacteria, fungi and yeasts are frequently found in these 

products (Blandino et al. 2003). The roles of individual strain of 

bacteria or fungi on the metabolism of chemical constituents 

are usually unclear since various microorganism strains are 

mixed during the fermentation. In order to more effectively 

utilize microorganisms in food fermentation and obtain the 

desirable fermented products, it is important to clarify the 

effect of individual strain of various microorganisms on 

metabolism of the chemical constituents during fermentation.  

The individual strains of few fungi (e. g. Aspergillus) and 
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bacteria (e. g. Bacillus subtilis) are widely used in the 

fermentation of some legume products (Terlabie et al. 2006, 

Chang et al. 2007). It has been rather known about compositions 

in these fermented products and the transformations of 

chemical constituents caused by the individual strain of 

microorganisms (such as A. saitoi, B. subtilis natto etc.). 

However, there are few reports on the transformations of 

polyphenols during the fermentation with individual 

microorganism. 

To clarify the metabolic pattern of polyphenols caused by 

the individual microbial strains, the fermentations of some 

materials containing polyphenols (i.e. green tea extracts, the 

leaves and aqueous extracts of S. sebiferum and P. urinaria) with 

the individual strain of bacteria or fungi were attempted.  

During fermentation, the changes in the concentration of 

chemical constituents and newly formed metabolites were 

investigated. In addition, the DPPH scavenge activities of 

fermented materials were also determined. 

4.1  Fermentation of materials containing hydrolysable 

tannin with individual strain of various 

microorganisms 

4.1.1  Materials and methods 

Chemicals 

The chemicals were identical to those described in 3.2.1. 

Plant materials 
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The fresh leaves ofS. sebiferum and P. urinaria were 

identical to those mentioned in 3.2.1. 

Microorganisms 

B. subtilis natto Naruse (B. subtilis natto N.) was 

purchased from Chemistry Institute of Naruse Co., Tokyo, Japan. 

B. subtilis natto Marumiya (B. subtilis natto M.) was prepared 

from Marumiya Natto.  B. subtilis 168 and B. subtilis W23 were 

maintained at the Laboratory of Applied Microbiology, Faculty 

of Agriculture, Saga University. These four strains of bacteria 

were respectively maintained on the YEB (Vervliet et al. 1975) 

solid medium in the darkness at 25 ℃.  

Three strains of fungi (Penicillium sp., Fusarium solani and 

Rosellinia necatrix) were provided by the Laboratory of Food 

Chemistry, Faculty of Agriculture, Saga University. The fungi 

were maintained on PDA (potato dextrose agar) medium (EIKEN 

CHEMICAL Co., LTD.) slants and preserved at 2-8℃. 

Conditions of HPLC analysis  

The HPLC conditions were identical to those mentioned in 

2.1.1.2-b. 

Preparation of fermented leaves with the strain of various 

bacteria and HPLC analysis 

The four strains of bacteria (B. subtilis natto N., B. 

subtilis natto M., B. subtilis 168 and B. subtilis W23) were 

respectively inoculated to sterilized Petri dishes with solid 

YEB medium and cultured for three days in the darkness at 25 ℃. 
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The fresh leaves of S. sebiferum and P. urinaria were autoclaved 

and cooled to room temperature. The autoclaved leaves (ca. 1.0 g, 

fresh weight) of the two plants after cooling were respectively 

placed over the bacteria which have been cultured for three days 

on solid YEB medium, and then incubated (fermented) in the dark 

at 25 ℃. The leaves of S. sebiferum were fermented for 7, 14 and 

21 days; and the leaves of P. urinaria were fermented for 4, 7 and 

14 days. The fermented leaves were moved from the pretri dish 

and then dried at 60℃. The dried leaves (0.12 g) after grounding 

were extracted with 2 ml MeOH for 16 hours at room temperature 

in the dark and the extracts (each 3 μl) were subjected to HPLC 

analysis after filtration through Millex LH filter ® (0.45 μl). As 

controls, the autoclaved leaves without incubation with 

bacteria, which were placed into the Petri dishes with or without 

solid YEB medium, were also incubated simultaneously in the 

same conditions and subjected to HPLC analysis as described 

above. 

Preparation of fermented extracts with the strain of various 

fungi and HPLC analysis 

1)  Preparation of various fungi cultures 

Penicillium sp., F. solani and R. necatrix  were 

respectively inoculated into glass flask with 50 ml of 1/2 MS 

liquid medium (Murashige and Skoog 1962) containing 30 g/L 

sucrose and then incubated at 25℃ on a Multi Shaker at 80 rpm 

for five days. Mycelial masses of the fungi in the liquid media 
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were used for the fermentation of the aqueous extracts of two 

plants. 

2)  Preparation of plant aqueous extracts 

The fresh leaves of S. sebiferum (600 g) and P. urinaria (300 

g) were homogenized with 400 ml and 300 ml of distilled water, 

respectively. The mixtures were filtrated through 4-fold gauze. 

The filtrate (100 ml/flask) was transferred to glass flask, 

autoclaved and then cooled to room temperature. 

3)  Fermentation of the aqueous extracts with the strain of 

various fungi and HPLC analysis 

Two mycelial masses (about 5 mm in diameter) of 

Penicillium sp., F. solani or R. necatrix were respectively 

inoculated into the cooled autoclaved extract (100 ml) and 

incubated at 25℃ at 80 rpm for 28 days. During incubation 

processing, 2 ml of the extract was taken from glass flask and 

filtered through Millex LH filter® (0.45 μm) every 7 days, and then 

the filtrate (1 μl) was subjected to HPLC analysis. As the control, 

the extract without inoculation with fungus was also incubated 

simultaneously in the same conditions and subjected to HPLC 

analysis. 

Measurement of DPPH radical scavenging activity 

The treated leaves (each 0.03 g, DW) with or without the 

strain of bacteria were extracted with 3 ml MeOH for 16 hours at 
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room temperature in the dark. The extract was filtered through 

the filtrate paper. The DPPH radical scavenging activity of the 

filtrate was determined (as described as 2.1.1.3). In addition, the 

DPPH radical scavenging activities of the extracts treated with 

or without the strain of fungi were also determined every 7 days.  

 

4.1.2  Results and discussion  

Changes in the contents of polyphenols in the leaves treated 

with bacteria 

Changes in the contents of chemical constituents in the 

bacterial fermentation leaves are shown in Fig. 24 and Fig. 25. In 

chapter 3, it was described that the four polyphenols (gallic 

acid, corilagin, ellagic acid and brevifolin carboxylic acid) were 

the main constituents in the autoclaved leaves of S. sebiferum 

and P. urinaria. These polyphenols remarkably decreased in the 

bacterial fermentation leaves of both plants during the first 7 

days compared to those in the control samples (the leaves 

without inoculation with bacteria). Gallic acid and corilagin 

were hardly detected after 7 days fermentation in all the 

bacterial fermentation samples. Compared to gallic acid and 

corilagin, ellagic acid and brevifolin carboxylic acid were 

slightly stable during the fermentation with bacteria. The 

results showed that the four polyphenols were easily degraded 

by the four strains of bacillus Genus. For the degradations of 

polyphenols, no significant difference was observed in all the 

bacterial fermentation samples. 
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Changes in the concentrations of polyphenols in fermented 

extracts with fungi  

The concentrations of the four polyphenols in the fungal 

fermentation extracts of two plants were shown in Fig. 26, Fig.27, 

Fig. 28 and Fig. 29. Gallic acid slightly increased during the 

initial stage (0-14 days) of fermentation in the fermented 

extracts of both plants, and then it decreased; while in the 

control samples no significant change was observed for gallic 

acid throughout the fermentation. Corilagin remarkably 

decreased and was hardly detected after 7 days fermentation in 

the fungal fermentation extracts of both plants; and the 

concentration of ellagic acid decreased 50%-82.1% after 7 days 

fermentation. Compared to the three polyphenols, brevifolin 

carboxylic acid changed not so much in the concentration, 

especially in those fungi fermented extracts of S. sebiferum, the 

maximum decrease of brevifolin carboxylic acid was only 11% 

after 28 days fermentation with fungi.  

Tannase was found to be produced by some bacteria and 

several genera of fungi such as Aspergillus, Fusarium and 

Penicillium (Belmares et al. 2004). It was supposed that 

Penicillium sp., F. solani and R. necatrix also excreted tannase 

or some tannase-like enzymes during the fermentation of 

extracts in this experiment. These enzymes caused the 

degradations of some polyphenols (e.g. corilagin) and released 

gallic acid and other related compounds. For this reason, the 

increase of gallic acid was observed in all of the fungal 

fermentation extracts, while it was not observed in the control 
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samples.  

DPPH radical scavenging activities 

Fig. 30 shows the DPPH radical scavenging activities of the 

MeOH extracts of the fermented samples with the strain of 

bacillus genus. During the whole fermentation period, the DPPH 

radical scavenging activities of the bacterial fermentation 

samples decreased (from 89.1-90.4% to 50.2-79.5% ) with the 

fermentation time, while that of the control samples changed 

little and stayed at a high level (about 90%). It indicated that 

the four polypheols were the main constituents that 

contributed to the DPPH radical scavenging activities of the 

autoclaved leaves. 

The DPPH radical scavenging activities of the extracts 

fermented with the strain of fungi were shown in Fig. 31. During 

fermentation，the DPPH radical scavenging activities of the 

extracts treated with Penicillium sp., or R. necatrix slightly 

decreased with fermentation time. In contrast, the increase of 

DPPH radical scavenging activity was observed in the extracts 

treated with F. solani from 7 days to 14 days of fermentation. And 

those extracts showed the strongest DPPH radical scavenging 

activity (about 95%) on the 14th day. The detail reasons of the 

increase of DPPH radical scavenging activity are not clear; some 

metabolic compounds are assumed to be produced during the 

fermentation with F. solani and caused the increase of DPPH 

radical scavenging activity of the fermented extracts. 
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Fig. 24  Contents of polyphenols in S. sebiferum leaves 

        fermented with the strain of B. subtilis (n=3) 

A: gallic acid   B: corilagin C: ellagic acid  

D: brevifolin carboxylic acid 
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Fig. 25  Contents of polyphenols in P. urinaria leaves 

      treated with the strain of B. subtilis (n=3) 

A: gallic acid   B: corilagin   C: ellagic acid   

D: brevifolin carboxylic acid 
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Fig. 26  Concentrations of polyphenols in the extracts of S. 

sebiferum fermented with Penicillium sp., F. solani 

or R. necatrix  (n=3)  

A: gallic acid    B: corilagin   C: ellagic acid    

D: brevifolin carboxylic acid 
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Fig. 27  Concentrations of polyphenols in the extracts of P. 

urinaria fermented with Penicillium sp., F. solani or R. 

necatrix  (n=3) 

A: gallic acid    B: corilagin   C: ellagic acid    

D: brevifolin carboxylic acid   
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Fig. 28  HPLC profiles of the autoclaved extracts 

from S. sebiferum leaves 

A: before fermentation 

B: incubated for 14 days without inoculation fungus 

C: fermented with F. solani for 14 days 
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Fig. 29  HPLC profiles of the autoclaved extracts  

from P. urinaria leaves 

A: before fermentation 

B: incubated for 14 days without inoculation of fungus 

C: fermented with F. solani for 14 days 
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Fig. 30  DPPH radical scavenging activities of leaves 

treated with the strain of B. subtilis  (n=3) 

A : S. sebiferum         B : P. urinaria 
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Fig. 31 DPPH radical scavenging activities of extracts 

fermented with Penicillium sp., F. solani or R. 

necatrix  (n=3) 

A : S. sebiferum       B : P. urinaria 
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4.2  Fermentation of tea extract with the strain of 

various fungi 

4.2.1  Materials and methods 

Materials and chemicals 

Green tea leaves (AOYAGI, coarse tea) were purchased in a 

market of Saga, in Japan. Penicillium sp., F. solani and R.  

necatrix were identical to those described in 4.1.1. The 

authentic standards of caffeine, G, GC, EGC, C, EC, EGCG, GCG, ECG, 

CG and rutin were purchased from sigma Co. Ltd, Japan. The 

structures of these authentic standards were illustrated in Fig. 

10-1, Fig. 11 and Fig. 32. 

Fermentation of tea extract with the strain of various fungi and 

HPLC analysis 

1)  Preparation of various fungi cultures 

The fungi culture was prepared as described in 4.1.1. 

2)  Preparation of tea aqueous extract 

Green tea leaves (80 g, DW)  were added to 1000 ml boiling 

water and steeped for two hours at 60℃ without loss of steam.  

The extract was filtered through 4-fold gauze. The filtrate (100 

ml/flask) was transferred to glass flask, autoclaved and cooled 

to room temperature. 
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3)  Fermentation of tea aqueous extracts with the strain of 

various fungi  

The fermentation of tea extract with the strain of various 

fungi was performed as described in 4.1.1. 

4) HPLC analysis  

HPLC conditions were identical to those mentioned in 

2.1.1.2-b. 

Isolation of metabolites from tea aqueous extract fermented 

with F. solani 

1500 ml of tea extract prepared using 150 g (DW) green tea 

leaves was fermented with F. solani in the same conditions as 

described above. After fermentation for 21 days, the tea extract 

was filtered through 4-fold gauze and then concentrated to 100 

ml in vacuo. The filtrate was successively subjected to DIAION 

HP20ss, Sephadex LH-20, Preparative C18 125 Å  and ODS-G3 

column chromatographies to afford rutin (14 mg) (Ömür 

Demirezer et al. 2006) and blumenol B (7 mg) (Miyase et al. 1988). 

The chemical structures of these compounds were illustrated in 

Fig. 32 and 1H and 13 C-NMR spectra of these compounds were 

shown in Fig. 33 and Fig. 34. 

 

4.2.2  Results and Discussion  

The concentrations of chemical constituents in tea 

extracts during fermentation with Penicillium sp., F. solani or R. 
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necatrix were shown in Fig.35. Gallate type catechins (EGCG, ECG, 

GCG and CG) rapidly decreased in the tea extracts fermented 

with the strain of three fungi and were hardly detected after 7 

days fermentation, while they gradually decreased in the 

control samples. With the degradation of gallate type catechins, 

non-gallate type catechins (GC, EC, C and EGC) slightly 

increased during the first 7 days of the fermentation and the 

concentration of G also significantly increased to the maximum 

levels (0.8 - 0.9 mg/ml, on the 7th day). In the control samples, 

the increase of non-gallate type catechins and G was not 

observed, on the contrary, these catechins slowly decreased 

throughout the fermentation, and the concentration of G stayed 

at a very low level (less than 0.2 mg/ml) throughout the 

fermentation. Several genera of fungi such as Aspergillus, 

Fusarium and Penicillium were found to be able to produce 

tannase (Belmares et al. 2004). Thus, it is supposed that the 

increase of non-gallate type catechins and G in the fermented 

extracts with fungi was presumably resulted from the esterase, 

which originated from the three strains of fungi and led to the 

degradation of gallate ester linkages of gallate type catechins.  

The concentration of caffeine stayed at a high level 

(0.55-0.75 mg/ml) in all of the extracts throughout the 

fermentation. This observation indicated that caffeine was very 

stable during the fermentation processing with the existence of 

these three fungi. 
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The concentration of rutin in the tea extract treated with 

F. solani increased from 0.14 mg/ml at the beginning up to 0.32 

mg/ml on the 28th day of the fermentation, while in those 

treated with Penicillium sp. or R. necatrix, it decreased 

gradually throughout the fermentation (Fig. 35 and Fig. 36). 

From the tea extract fermented with F. solani, blumenol B was 

also isolated together with rutin. As blumenol B was not 

detected in the crude green tea extract (data is not shown), this 

compound seemed to be newly produced during the fermentation 

with F. solani. Although blumenol B has been isolated from 

Epimedium grandifolorum MORR. var. thunbergianum (MIQ.) 

NAKAI. (Miyase et al. 1988), there is no report on the isolation of 

blumenol B from tea products. In this experiment, it was 

isolated from the tea extract for the first time. 

In this experiment, by the fermentation with the strain of 

three fungi, the gallate type catechins in the tea extract 

drastically decreased because of the degradation of gallate 

ester linkages of them. Only in the tea extract treated with F. 

solani, accumulation of rutin and blumenol B was observed. 

Although the enzymes of F. solani which caused the 

accumulation of rutin and blumenol B were not identified yet, 

this fungus seemed to be an interesting strain for 

biotransformation of various phytochemicals. 
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4.3  Conclusions  

It was found that four polyphenols (gallic acid, corilagin, 

ellagic acid and brevifolin carboxylic acid) were easily 

degraded during the fermentation of S. sebiferum and P. urinaria 

leaves with B. subtilis. During the fermentation of S. sebiferum 

and P. urinaria extracts with fungi, corilagin was the most 

easily degraded by fungi, while brevifolin carboxylic acid was 

more stable than other three polyphenols. 

In the fermentated tea extracts with fungi, gallate type 

catechins (EGCG, ECG, GCG and CG) degraded, and transformed 

into gallic acid and corresponding non-gallate type catechins. 

The accumulations of rutin and blumenol B were confirmed only 

in the extract treated with F. solani. From the tea extract 

treated with F. solani, blumenol B was also isolated together 

with rutin. This is the first time for isolation of blumenol B 

from tea products. 

The clarification on the degradation pattern of 

polyphenols during fermentation with microorganisms, will give 

basic data for investigation of chemical constituents in the 

fermented products containing polyphenols.  
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Fig. 32   Structures of rutin and blumenol B 
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Fig.33  1H-NMR spectrum of rutin 
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Fig.34  1H-NMR and 13C-NMR spectra of blumenol B 

A : 1H-NMR             B :  13C-NMR 
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Fig. 36  HPLC profiles of tea extracts 

(A) before fermentation     (B) fermented with F. solani for 21 days 
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CHAPTER 5 

GENERAL DISCUSSION  
 
5.1  Extraction of polyphenols using bean protein  

It is well known that polyphenols may interact with protein 

mainly through hydrogen bonding and hydrophobic bonding, and lead 

to precipitation (Hagerman and Butler 1978, Sarni-Manchado et al. 

1999). According to this character of polyphenol, Ishimaru et al. 

succeeded in the extraction of tea catechins using soybean protein 

(Ishimaru and Nonaka 2001). But there is no report on the extraction 

of the other phenolic compounds using this method.  

In this research, various polyphenols (such as anthocyanins, 

hydrolysable tannins, condensed tannins, phenolic acid etc.) were 

successfully extracted using soybean protein by the formation of 

polyphenol-soybean protein complexes. It is proved that soybean 

protein is feasible for the extractions various polyphenols. 

Some studies describing influence of polyphenol structure on 

the binding of polyphenols to protein have been reported (Hagerman 

and Butler, 1978, Bacon and Rhodes, 2000, de Freitas and Mateus, 2001). 

However, there is no report about the influence of polyphenols 

structures on conjugation of polyphenols to soybean protein. In this 

research, it was found that the conjugational abilities of the 

gallotannins to soybean protein increased with the number of 

galloyl moieties of gallotannins (Chapter 2). Similar result was also 

observed in binding of galloyltannins to other protein (histone, 

bovine serum albumin, casein and gelatin) (He et al. 2006). Besides 
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numbers of galloyl moiety, esterified position of them were also 

very important for the conjugation of polyphenols to soybean 

protein. In conclusion, galloyl moiety is very important for the 

conjugations of polyphenols to soy bean protein. Thus, for the 

extraction of polyphenols, soy bean protein seems very good 

material, particularly for the extraction of those polyphenols with 

galloyl moiety.  

Besides polyphenols structure, the conjugation of polyphenols 

to protein is also affected by the property of protein (Sims et al. 

1995). The property of protein from different bean species may be 

different, and also the effect of different protein on the extraction 

of polyphenols may be different. Six bean species were used as 

different protein materials for the extraction of catechins. The 

degenerated bean protein was more efficient than non-generated 

bean protein for the extraction of catechins. Azuki bean, 

Taishoukintoki bean and black bean seem to be very good protein 

materials for the extraction of catechins, since the complexes from 

these beans showed very strong DPPH radical scavenging activities 

which were presumably contributed to not only tea catechins but 

also anthocyanins from these beans. These beans are also presumed 

to be the potential protein materials for other polyphenols 

extraction. 

It was suggested that tea catechins-soybean protein complexes 

possess the bioactivities from both soybean protein and tea 

catechins (Alim et al. 2003, 2004). The polyphenols-bean protein 

complexes obtained in this research also presumably have the 

bioactivities from both bean protein and polyphenols. Therefore, 
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these complexes are expected to be used as new materials for food 

additives and pharmaceutical resources.  

In this study, an efficient method of polyphenol extraction was 

established, which give new opinions for the extraction of 

polyphenols. 

 

5. 2  Heating processing of plant materials containing polyphenols 

The change in contents of polyphenols during heating 

processing has been widely investigated in many studies (Chuda et al. 

1998, Brens et al. 2002, Ioku et al. 2001, Rohn et al. 2007). The 

relationship of chemical structure and thermal stabilities of some 

phenolic compounds have been also elucidated in few studies 

(Stintzing et al. 2006, Mathias et al. 2006). Although the newly formed 

products (reaction products) during thermal processing are 

reported in some studies (Xu et al. 2003, Buchner et al. 2006, Takenaka 

et al. 2006), there are very few studies on the transformation of 

polyphenols during heating processing. 

In this study, it was found that the epicatechin derivatives 

(EGCG, ECG, EGC, EC) epimerised and converted to their isomers (GCG, 

CG, GC, C) during autoclave processing of tea leaves and their 

aqueous extract (in Chapter 3). The high temperature is thought to be 

necessary for the epimerisation of epicatechin derivatives. Xu et al. 

obtained the similar results during the thermal processing of 

commercial tea drinks, in which epicatechin derivatives were added 

(Xu et al. 2003), while there is no report on the the epimerisation of 

epicatechin derivatives in tea leaves and aqueous.In this study, the 

contents of GCG and CG in the autoclaved tea leaves were about 29 
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times as those of GCG and CG in the tea leaves reported in the 

literature (Nishitani and Sagesaka 2004). Since GCG and CG were 

reported to be more effective than EGCG and ECG against cholesterol 

adsorption (Ikeda et al. 2003), the autoclaved tea leaves are expected 

as a novel functional material in food and pharmaceutical fields. 

Furthermore, for the production of GCG and CG, autoclave treatment 

of tea leaves seems to be a very efficient method. 

Geraniin, a hydrolysable tannin which is contained in S. 

sebiferum and P. urinaria leaves were degraded and converted to four 

polyphenols (gallic acid, corilagin, ellagic acid and brevifolin 

carboxylic acid) by autoclave treatment. It is deduced that the ester 

linkages of hydrolysable tannin are easily cleaved through 

hydrolyzation reaction and new compounds were produced through 

reaction of dehydrogenation or decarboxylation during autoclave 

processing. The productions of corilagin and ellagic acid during the 

decoction of G. thunbergii have been reported, while the production 

of brevifolin carboxylic acid was not observed (Okuda et al. 1979). It 

suggested that production of brevifolin carboxylic acid only 

occurred during the processing of geraniin at high temperature. 

The clarification of chemical constituents of the autoclaved 

plant materials containing polyphenols in this study, will offer 

useful information for the studies on the functionalities of heating 

processed products. 

 

5. 3 Fermentation of plant materials containing polyphenols with 

microorganism 
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Although many microorganisms such as bacteria, fungi and 

yeasts were identified from many traditional fermented products, the 

roles of the strain of individual microorganism on the 

transformation of many chemical constituents are still not clear 

(Zhou et al. 2004, Blandino et al. 2003). In this research, the individual 

strain of microorganisms was used for the fermentation of plant 

materials containing polyphenols. 

The strains of B. subtislis are used for production of many 

fermented soy foods such as Japanese natto, Thai thua-nao, Indian 

kinema and West African dawadawa (Steinkraus 1995, Ibe et al 2001, Kuo 

et al. 2006). Some new constituents were also isolated and identified 

from the soybeans fermented with B. subtislis (natto) (Toda et al. 

1999), while there are few reports on the effluence of B. subtislis on 

metabolism of other polyphenols during the fermentation of plant 

materials.  

In this research, during the fermentation of autoclaved leaves 

of S. sebiferum and P. urinaria with the strain of four B. subtislis, 

respectively, four polyphenols (gallic acid, corilagin, ellagic acid 

and brevifolin carboxylic acid) were easily degraded by B. subtislis  

(in Chapter 4). Bairagi et al. reported that tannins were degraded in 

the fermented duckweed (Lemna polyrhiza) leaves with B. subtislis 

(Bairagi et al. 2002). It was reported that tannase can be produced by 

some bacteria (Das Mohapatra et al. 2006). It is presumed that the four 

B. subtislis strains also produced some tannase which caused the 

degradations of the four polypnenols in this research. 

Three strains of fungi (Penicillium sp., F. solani and R. necatrix) 

were selected for the fermentation of aqueous extracts of green tea 
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and S. sebiferum and P. urinaria. Amongst these fungi, genera 

Penicillium and Fusarium were detected in some traditional 

fermented products, while genus of Rosellinia was rarely used for 

fermentation (Zhou et al. 2004, Blandino et al. 2003). The influences of 

them on the metabolic pattern of polyphenols were investigated.  

As mentioned in Chapter 4, corilagin were easily degraded by 

three fungi, but brevifolin carboxylic acid was stable throughout the 

fermentation. In the fermentation of tea extracts, gallate type 

catechins were easily degraded by the fungi, and converted into 

gallic acid and corresponding non-gallate type catechins. Compared 

with the gallate type catechins, non-gallate type catechins were 

more stable during the fermentation. It suggested that polyphenol 

with ester linkage was easily to be degraded. It is well known that 

tannase can also be produced by many fungi (Belmares et al. 2004). 

Thus, Penicillium sp., F. solani and R. necatrix also presumably 

produced tannase which play the main role in the cleavage of the 

ester linkages of polyphenols with ester linkages. 

It is interesting to note that, accumulation of blumenol B and 

rutin was confirmed in the fermented tea extract with F. solani; while 

the phenomenon was not observed in the fermented extracts with 

Penicillium sp. or R. necatrix (in Chapter 4). The mechanism of the 

accumulation of these compounds is still unclear and is necessary to 

be further investigated and clarified. In addition, F. solani seems to 

be a potential strain for biotransformation of various 

phytochemicals by utilizing in the fermentation of plant materials 

containing polyphenols. 

In this study, the degradation patterns of several polyphenols 
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during the fermentation with the individual strain of several 

microorganisms were clarified. The results obtained will be very 

important as basic data for the studies on chemical constituents of 

some fermented products especially those containing polyphenols 

such as condensed tannins or hydrolysable tannins. 
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SUMMARY  

Anthocyanins from 15 plant species were successfully extracted 

using soybean protein via preparation of anthocyanin-soybean 

protein complex. The complex from red leaves of S. sebiferum, fruits 

of blueberry or black bean showed high adsorption rate (about 50%) of 

anthocyanin. The strongest DPPH radical scavenging activity (about 

90%) was observed in the complexes from red leaves of S. sebiferum. It 

was considered that the strongest DPPH radical scavenging activity 

was contributed to anthocyanins and tannin constituents (geraniin 

and chebulagic acid) from S. sebiferum. 

In order to clarify the influence of chemical structures of 

polyphenols on the conjugation of polyphenols to soybean protein, 

the polyphenols–soybean protein complexes from 22 polyphenols 

were also prepared. It was also found that the adsorption rate of the 

gallotannins increased with the number of galloyl moieties of them. 

The existence of galloyl moiety esterified at C-1 of the glucose 

could increase the conjugation of polyphenol and soybean protein. 

Therefore, it was considered that galloyl moieties were very 

important for the conjugation of polyphenols to soybean protein. The 

open-chain glucose structure of hydrolysable tannin seems to be the 

main reason that resulted in the decrease of the adsorption rate. 

The degenerated bean protein and non-degenerated bean 

protein from six bean species were used for the extraction of tea 

catechins. The complexes from degenerated bean proteins showed not 

only higher content of catechins but also stronger DPPH radical 

scavenging activities than those from non-degenerated bean 
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proteins. Therefore, degenerated bean protein was more efficient for 

the extraction of catechins compared with non-degenerated bean 

protein. The complexes from Azuki bean, Taishoukintoki bean, black 

bean and defatted soybean showed higher adsorption rates and higher 

contents of catechins compared to the complexes from other beans, 

in addition, stronger DPPH radical scavenging activities were also 

observed in these four complexes. Thus, these four bean species were 

considered to be the potential protein resources for the extraction 

of tea catechins. 

During autoclave processing, epicatechin derivatives (EGCG, 

ECG, EGC and EC) were epimerised and converted to their isomers (GCG, 

CG, GC and C). High temperature seems necessary to this 

epimerization. The tea leaves containing high level of GCG 

(2.58-2.92%, DW) and CG (0.24-0.57%, DW) were obtained by autoclave 

treatment and they are expected to be new material in food and 

pharmaceutical fields.  

Geraniin, a hydrolysable tannin contained in the leaves of S. 

sebiferum and P. urinaria, was degraded and transformed into four 

polyphenols (gallic acid, corilagin, ellagic acid and brevifolin 

carboxylic acid) during the autoclave processing. DPPH radical 

scavenging activities of these four polyphenols seemed to be almost 

identical with that of geraniin. Taking into account the stability of 

these polyphenols in heating process, autoclaved leaves of these two 

plants seemed to be good materials for new food ingredients.  

The four polyphenols were rapidly decreased during the 

fermentation of the autoclaved leaves of S. sebiferum and P. urinaria 

with the strain of B. subtilis. The DPPH radical scavenging activities 
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of those fermented leaves also decreased with the decrease of the 

four polyphenols. In the fungal (Penicillium sp., F. solani or R. 

necafrix) fermentation extracts of S. sebiferum and P. urinaria, 

corilagin were the most easily degraded, and brevifolin carboxylic 

acid was the most stable among the four polyphenols. 

In the fermented tea extracts with the strain of fungi 

(described as above), decreases of gallate type catechins (EGCG, ECG, 

GCG and CG) as well as increases of non-gallate type catechins (GC, 

EC, C and EGC) and gallic acid were observed after 7 days fermentation. 

Esterase activities originated from these fungi seemed to be strong 

during fermentation and they caused the rapid degradation of gallate 

ester linkage of gallate type catechins. Only in the tea extract 

treated with F. solani, rutin concentration increased (from 0.14 

mg/ml to 0.32 mg/ml), while it decreased throughout fermentation in 

other fungal fermentation samples. From the tea extract treated 

with F. solani, blumenol B which has not been detected in various tea 

products was also isolated together with rutin. 

In this research, an efficient extraction method of polyphenols 

was established by using bean protein, and valuable findings were 

provided for extraction of polyphenols in the food and 

pharmaceutical fields. Clarification of the transformations of 

polyphenols during autoclave processing and fermentation 

processing with microorganisms, will provide the basic data for the 

studies on the functionalities and chemical constituent analysis of 

processed products containing polyphenols.  
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