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腫E臨調車盟圏

Suppression of catechin astringency by milk components 

Takayuki Miura* and Ryozo Akuzawa 

(School of Food Science， Nippon Veterinary and Life Science University， Musashino， Tokyo 180-8602， Japan) 

Abstract 

The tea catechin astringency suppression effect in milk component was examined. Simple sensory comparison， scoriηg 

test and paired r，同ferencetest were used to evaluate the intensity of the astringency catechin. The solutions of catechin-
milk component preparations were produced by combining catechin solution (6.26 mg/mL) with milk， 9% skim milk (w 

/v)， 4.5% lactose (w/v) ， and 3.8% cream solution (v/v) ， and were allowed to equilibrate for 20 min at 4
0

C. The astrin-

gency suppression effect was about 58-65% in the three samples that exc1ude lactose， especially skim milk was c1early 

significant astringency differences other two samples. The high performance liquid chromatography (HPLC) was used 

to evaluate the recovery of free catechin from catechin-milk samples. Catechin was combined with 9% skim milk， 4.5% 

lactose， and whey. These samples were following acid precipitation and centrifugation， supernatants were recovered and 

the total catechin content was determined by HPLC. Though the recovery of catechins was markedly decreased about 95 

% by skim milk， lactose and whey caused decreases of about 5-25%. Th巴influenceof various casein proteins on recov-

ery of catechins was examined，α-and s-casein showed equal recovery effects of about 45% when each casein concentra-

tion was the same formation for whole milk.βーcaseinshowed the highest recovery of about 35% when each casein con-

centration was the same molar concentration. These results indicate that the astringency of the catechin is suppressed by 

the milk component. 

Kew words: tea catechin， astringency suppression effect， milk protein， casein 

Introduction 

Catechin， the major polyphenol found in green 

tea， has beneficial effects ranging from anti-ox-

idant， anti-carcinogenic， anti-mutagenic， anti-in-

fiammatory to anti-microbial activities1). Green tea 

catechins inc1ude epicatechin (EC) ， epigallocate-

chin (EGC) ， epigallocatechin-gallate (EGCG)， and 

epicatechin-gallate (ECG). EGCG is the most 

abundant and biologically active polyphenol in 

green tea. In cancer cells， EGCG has been shown 

to induce apoptosis and to suppress proliferation 

by modulating multiple signal transduction 

pathways2~4) . 

With epidemiological and biological data sup-

porting a potential effective role for tea catechin， 

the development of new physiologically functional 
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food products with teas as active ingredients is ex-

pected. Although interest has increased regarding 

beneficial e宜ectof catechin， tea catechin is not sim-

ple to adapt for food products because it is strongly 

astringent. Astringency is defined as a complex 

sensation due to the shrinking， drawing or pucker-

ing of the epithelium as a result of exposure to sub-

stances such as alums or tannins5). During sensory 

evaluation， the astringency of tannins is strongly 

in丑uencedby their chemical nature and quantity， 

and by the inner balance with other compounds 

present in red wine6). 

Thus， we experience products containing milk 

components such as 'green tea (n似たha)宜avorice 

cream'，‘milk tea'， and so on as suppression the as-

tringency of tea catechins. Although a large num-

ber of studies have been made on the beneficial 

e宜ectsof catechin， little is known about the astrin-

gency of catechin. We therefore speculated that a 

mi1k component would have catechin astringency 

suppression effects. The aim of the present study 

to c1arify this hypothesis. Simple sensory compari-
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son and high performance liquid chromatography 

(HPLC) 7) were used to evaluate the intensity of 

the astringency of catechin in this study. 

Materials and Methods 

Reagents 

All reagents and standard catechins such as 

epicatechin (EC) ， epicatechin-gallate (ECG) and 

epigallocatechin-gallate (EGCG) used were HPLC 

grade and purchased from Sigma (St. Louis， MO， 

USA). 

The commercial catechin ‘polyphenon一70A'was 

kindly provided from Mitsui Norin Co.， Ltd. 

(Tokyo， ]apan). The commercial milk， skim milk 

powder and cream were purchased at a local mar-

ket. 

Sensory test 

Scoriη:g test-An untrained 6・memberpanel con-

ducted a sensory evaluation of the catechin-milk 

component solutions. The panel of assessors com-

prised four males and two females. Panelists were 

asked to rank the sample based on preference for 

astringency. They first sampled the catechin refer-

ence standard and were reminded of its assigned 

intensity rating of 6 on a 6・pointscale. After a 5 

min wait that included rinsing with distilled water， 

panelists were served the four test samples. The 

solutions of catechin-milk component preparations 

were produced by combining 10 mL catechin solu-

tion (6.26 mg/mL) with 10 mL milk， 9% skim 

milk (w/v) ， 4.5% lactose (w/v) ， and 3.8% cream 

solution (v /v)， and were allowed to equilibrate for 

20 min at 4
0

C. 

Paired 1うrψrencetest-A paired preference test 

was performed in order to evaluate the difference 

in astringency sensation between solutions contain-

ing skim milk and cream. An untrained 22・member

panel conducted a sensory evaluation of the 

catechin-milk components. The panel of assessors 

comprised 12 males and 10 females. Panelists were 

asked to choose which samples they felt had great-

er or equal astringency. The solutions of catechin-

skim milk or cream components were prepared as 

described in above section Scoring test. 

A sensory test was used to compare the catechin 

samples containing milk components. Participants 
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were aged between 22 and 57 years， selected from 

the Nippon Veterinary and Life Science Universi-

ty， School of Food Science and Technology. All 

panelists were seated individually. Prior to assess-

ment， each sample (10 mL) was served in clear 

glasses and equilibrated to room temperature (25 

OC). Samples were presented in random order to 

the panels among the samples， panelists were en-

couraged to extend the waiting period and continue 

rinsing until they no longer perceived an astringent 

sensation before proceeding to the next sample. 

The panel was repeated three times. 

Data from the Scoring test were evaluated for 

their statistical significance (ρ< 0.05) using Stu-

dent γtest. Data from the Paired p肉声rencetest 

were evaluated for their statistical significance (ρ 

< 0.01) using Chi-square analysis. 

Sample preparation for HPLC 

Acid whey was prepared by the addition of 2 M 

HC18~10) to 150 mL of 9% skim milk at 20
o
C， to 

achieve a final pH of 4.5-4.6. The milk was allowed 

to stand for 10-15 min. The resultant mixture of 

casein and whey was immediately filtered through 

a filter paper (ADVANTEC No. 2)， and cen-

trifuged at 3，500 g for 25 min at 5
0

C. 

The catechin-milk component preparations were 

produced by combining 10 mL catechin solution 

(6.26mg/mL) with 1mL 10% skim milk (w/v) ， 

acid whey， and 4% lactose solution (w/v) ， and 

were allowed to equilibrate for 20 min at 4
0

C. 

Catechin recovery from catechin-milk compo-

nents complexes 

Recovery of catechin from catechin-milk compo-

nents was initiated by deproteination with acid. 

For acid preparation， 2 mL aliquots of catechin so-

lution were treated with 5 mL of 1 M HCl for 1 min 

under vigorous mixing. Aliquots of each treatment 

were combined with 2% aqueous acetic acid 1 : 1 

(v/v) and centrifuged at 14，000 g for 5 min. Super-

natants were collected and filtered through a 0.45 

μm PTFE filter and analyzed immediately by 

HPLC. Both catechin-milk and catechin-water 

samples were treated in the same manner. 

HPLC analysis 

Analysis of catechin recovery was performed by 
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use of a TOSOH HPLC system equipped with a 

mode1 8020 detector (Tokyo， Japan) and a CAP-

CELL PAK C18 (4.6 mm i.d. X 250 mm， 5μm par-

ticle size， Shiseido Co. Ltd. Tokyo， Japan) 

reversed phase (RP) co1umn with a guard co1umn. 

Catechins were separated by gradient e1ution with 

a fiow rate of 1.0 mL/min at 40
0

C using a binary 

mobi1e phase of water / acetic acid (98 : 2， v /v) in 

reservoir A and acetonitri1e in reservoir B. Initia1 

conditions were solvent proportions of 99 : 1 A/B 

with a 1inear gradient to 70 : 30 A/B over 20 min 

followed by a 5 min 1inear gradient back to 99 : 1 A 

/B and 5 min equi1ibration at initia1 conditions for a 

tota1 chromatographic run time of 30 min. The fiow 

rate was 1.0 mL/min， injection vo1ume was 100 

μL， and peaks were detected at 280 nm. Ca1ibra-巴

tion p10ts for quantification were constructed from 

the injection of authentic standards of EC， EGC， 

EGCG， and ECG. 

The percentage recovery for each catechin 

de臼r甘a抗ti討vefrom the catechi加n-ml江1k王p戸re句pa訂ra拭tions芯swas

determined by calcu1ation of the percent 0ぱfi加ndi討vid暢

ua1 catechin 1eve1s in the catechin・mi1kprepara-

tions re1ative to 1eve1s in catechin-water prepara-

tions. 

Equilibrium dialysis preparation for HPしC

The catechin-casein solutions were produced by 

combining 2.2 g catechin with 24 mg/mL who1e 

casein， 12 mg/mLα-casein， 12 mg/mL s-casein， 

and 9.5 mg/mL K-casein， and were allowed to 

equi1ibrate for 20 min at 4
0

C. The combined sam-

p1es were transferred to a dia1ysis tube with a 6-8 

kDa mo1ecu1ar mass cut剛off(dia: 6 mm， 1ength: 40 

mm). One vo1ume (750μL) of samp1e was dia-

1yzed against 6，250μL of PBS， tota1 vo1ume was 7 

mL at 25
0

C for 24 h each time_ After dia1ysis， free 

catechin contained in PBS was collected and 

主1teredthrough a 0.45μm PTFE主1terand ana-

1yzed immediate1y by HPLC. 

Results and Discussion 

To determine whether the astringency of cate-

chin is suppressed by mi1k components， we first in-

vestigated the sensory test. Shown in Fig. 1 are the 

data from the scoring test. The astr包gencysupres-

sion effect was about 46-58% (2.8-3.5 points/6 

6 
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Fig. 1 Scoring test-An untrained 6-member panel con 
ducted a sensory evaluation of the catechin-milk 
component solutions. The panel of assessors 
comprised four males and two females. Panelists 
were asked to rank the sample based on prefer-
ence for astringency. They first sampled the 
catechin reference standard (a: 6.26 mg/mし)
and were reminded of its assigned intensity rat司

ing of 6 on a 6-point scale. The solutions of 
catechin-millく component preparations were 
produced by combining 10 mL catechin standard 
solution with 10 mL milk (b)， 9% skim milk (c)， 

3.8% cream (d)， and 4.5% lactose solution (e)， 

and were allowed to equilibrate for 20 min at 40 

C. Bars represent means土Sξfor6-member 
panel. (* and 仲)Means with different super 
scripts are significantly different from each other 
(pく 0.05).

3 

points) in the three samp1es that exclude 1actose. 

The difference among the three samp1es was incon-

clusive showed though a certain suppression effect 

with the milk component was admitted. Remarka-

b1y， the pane1ist described that the sense of astrin“ 

gency is di在erentin skim mi1k and cream， a1though 

the catechin-cream samp1e received a second rank 

score. Consequent1y， we focused on skim mi1k and 

cream， and compared the suppression effect of 

both by paired test. The test indicated that there 

were clearly significant astringency differences be-

tween the skim mill王 andthe cream， the 1atter 

being perceived as more astringent (Fig. 2). From 

these resu1ts it may be said that the astringency of 

the catechin was inhibited by the mi1k components. 

Some authors have suggested that astringency is 

considered a taste sensation mediated by the gusta-

tory nervesll~13). However， when a stimu1us is in嶋

troduced in the ora1 cavity， the formation of inso1u-

b1e aggregates and their precipitation with sa1ivary 

proteins is observed. This 1eads to obstruction of 

pa1ate 1ubrication， causing an unp1easant sensation 
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Paired preference test-A pair preference test 
was performed in order to evaluate the difference 
in astringency sensation between solutions con-
taining skim milk and cream. An untrained 22同

member panel conducted a sensory evaluation of 
the catechin-milk components. Panelists were 
asked to choose which samples they felt had 
greater or equal astringency.τhe solutions of 
catechin申millく componentspreparations were 
produced by combining 10 mL catechin solution 
(6.26 mg/mL) with 10 mL 9% skim milk and 3.8 
% cream solution， and were allowed to e-
quilibrate for 20 min at 40C. Panelists answered 
(a) is equally astringent， (b) skim milk， and (c) 
cream are more astringent. The presence of an 
asterisk (*) indicated that there were significant 
astringency differences between the skim milk 
and the cream (pく0.01)目

of roughness， dryness and constriction14). For ex-

ample， the astringency of grape wine is due to the 

interaction of tannins with salivary proteins15~17). 

For the reasons mentioned above， it can be 

thought that the interaction of catechin with saliva-

ry proteins is inhibited because the milk compo-

nents bind to the catechin. The interaction with 

catechin and milk components was investigated us-

ing the HPLC. Separation of major catechins from 

a sample (Polyphenon 70 A) is shown in Fig. 3. 

Major catechins (EC， ECG， EGCG) were tenta-

tively identified based on chromatography， and it 

was assumed that these amounts of catechin were 

the total catechin. Figure 4 shows the in丑uenceof 

the milk component on recovery of catechins. Cate-

chin was combined with 9% skim milk， 4.5% lac-

tose， and whey. Following acid precipitation and 

centrifugation， supernatants were recovered and 

the total catechin content was determined by 

HPLC. Though the recovery of catechins was mar-

kedly decreased about 95% by skim milk， lactose 

and whey caused decreases of about 5-25% (Fig. 

4). An inverse association was demonstrated by 

18 

Fig.3 
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Minutes 

HPLC separation of major catechins from the 
Polyphenon 70 A. Peak identification: (a) EGCG， 

(b) EC and (c) ECG. Response at 280 nm 
shown. 
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Recovery of catechin from catechin-milk compo-
nents complexes. Catechin solutions mixed with 
4.5% lactose (a)， whey (b) or 9% skim milk (c) 
were combined with 2% aqueous acetic acid 1 
1 (v/v) and centrifuged at 14000 9 for 5 min 
5upernatants were filtered through a 0.45μm 
PTFE filter and analyzed immediately by HPLC. 
The percentage recovery for each catechin 
derivative from the catechin-milk preparations 
was determined by calculation of the percent of 
total catechin level in the catechin-milk prepara同

tions relative to the level in catechin-water 
preparations (cont.). Bars represent means土5D
for three samples. 

the decreased catechin recovery with skim milk 

content (data not shown). These results clearly in-

dicate that the dominant catechin binding protein is 

casein protein more than whey protein. 

The interaction between catechins and specific 

milk proteins has already been studied， including 
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α-casein，βーcasein，K鮒 casein and albumin18~20). 

Therefore， we also examined the infiuence of vari-

ous casein proteins on recovery of catechins.α欄 and

βcasein showed equal recovery effects of about 45 

% when each casein concentration was the same 

formation for whole milk (Fig. 5-a).β-casein 

showed the highest recovery of about 35% when 

each casein concentration was the same molar con-

centration (Fig. 5-b). Gallated catechins were 

more decreased than other catechins by casein ad-

dition (data not shown). 

A hydrophobic association between the hydroxyl 

groups on catechin is well known to be associated 

with protein. For this reason， there is a possibility 

that catechin nonspeci長cbinding occurred with the 

precipitated denatured casein in the acid precipita-

tion step in this study. Therefore， it is plausible 

that catechin complexes such as these could 

precipitate with the casein sediment and become 

unrecoverable by standard extraction techniques. 

In order to clarify the question of nonspecific in-

teraction， we used the equilibrium dialysis method 

with native casein-catechin association. It was ob-

served thatβ-casein most inhibited catechin recov-

ery at about 60%， whereas α-and K附caseinwere 

less at about 75 and 70%， r・espectively(Fig. 6). 

This catechin recovery showed the same tendency 

as acid treatment experiment (Fig. 3-b). In gener-
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Fig. 6 Recovery of catechin from catechin-casein com-
plexes by equilibrium dialysis. The catechin-
casein solutions were produced by combining 
2.2 9 catechin with 12 mg/mL臼-casein(a)， 12 
mg/mL p-casein (P)， and 9.5 mg/mL K-casein 
(K)， and were allowed to equilibrate for 20 min 
at 40C. The combined samples were transferred 
to a dialysis tube with a 6-8 kOa molecular mass 
cut-off. One volume (750μL) of sample was dia-
Iyzed against 6250μL of PBS， at a total volume 
of 7 mL， at 250C for 24 h each time. After dialy同

sis， free catechin contained in the PBS was col-
lected and filtered and analyzed immediately by 
HPLC. The percentage recovery for each cate-
chin derivative from catechin-millく preparatlon
was determined by calculation of the percent of 
the total catechin level in the catechin-milk 
preparation relative to the level in the catechin-
water preparations (cont.) . Bars represent 
means土SOfor three samples 

β Cont.α 
12 8.4 
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3.6 0.5 

mM 

Fig. 5 Recovery of catechin from catechin-casein complexes: Influence of various casein proteins on recovery of catechins. A 
shows each casein concentration was the sam巴formationfor whole milk and the B shows each casein concentration 
was the same molar concentration (0.5 mM). Catechin solution mixed with白血casein(a)， p-casein (b)， or K-casein (k) 
were combined with 2% aqueous acetic acid 1 1 (v/v) and centrifuged at 14000 9 for 5 min. Supernatants were 
filtered through a 0.45μm PTFE filter and analyzed immediately by HPLC. The percentage recovery of each catechin 
derivative from the catechin-milk preparations was determined by calculation of the percent of total catechin level in the 
catechin-millくpreparationrelative to the level in the catechin-water preparations (cont.). Bars represent means土SOfor 
three samples 
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al studies conclude that ionic， hydrophobic and 

hydrogen bonding forces are all important factors 

in catechin-protein interaction7， 18~20) especially， 

hydrophobic association between galloyl rings on 

catechins are known to associate with proline rich 

peptides fragments and are further stabilized by 

secondary hydrogen bonding effects21). In this 

study， the high recovery observed with β-casein 

compared toαー andK-casein can be explained by 

the relatively large amount of proline groups in the 

casein since proline groups have a strong a伍nity

for the hydroxyl groups of catechin22). 

The interaction of polyphenol and protein is well 

known， and it is a problem in beverages since this 

may form sediment23). There has been increasing 

concern about masking of the bioactive function of 

catechin by milk protein in recent years. Arts et 

al.18) observed that the interaction of catechin and 

casein proteins inhibited the antioxidant capacity 

of catechin. The masking of the antioxidant capaci-

ty of catechin was more pronounced with β-casein 

than other casein. They explained that β-casein 

consists of 224 amino acids of which 35 are pro-

lines， and has a proline ratio of 0.156， whereas α" 

and K-have ratio of 0.075 and 0.105， respectively. 

The rank order of masking observed with these 

three proteins is identical to the rank order of the 

proline ratio of the protein， indicating that the pro-

line groups are indeed involved in the masking. 

Overall some casein， especially αー andβ-casein， 

seemed to be preferentially involved in causing in-

hibition of astringency， since they show a quantita-

tive selectivity in catechin binding and correlation 

with sensorial data. 

Wegrzyn et al.24) described the stability of an-

tioxidants in an apple polyphenol-milk model using 

both oxygen radical absorbance capacity (ORAC) 

assay and ferric reducing antioxidant power 

(FRAP) assay. Signi宣cantantioxidant capacity 

was detected in the presence of milk. Apple-

polyphenol-milk models are good beverage formats 

to deliver fruit polyphenols， in which both physical 

stability and antioxidant capacity can be retained 

during beverage production. These results indicate 

that the astringency of the catechin is suppressed 

by the milk components and there is a possibility of 

new dairy product development. 

However， the question arises as to what is the 
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effect of such an interaction on the bio-function 

capacity. Some researchers pointed out that milk 

protein down regulated the antioxidant potential of 

tea catechin. Other studies25，26) have shown no 

relevant effect on the antioxidant capacity of tea 

catechins， however. 

Actually the fate of these catechin-casein com-

plexes in the gastrointestinal tract and antioxidants 

enter the blood stream are not known. This means 

that in addition to the intrinsic activity of a com-

pound， bioavailability and metabolism， the interac-

tion with proteins also has to be considered for the 

e伍cacyof a catechin in vivo. 

Further work is in progress to understand a 

bioavailability the catechin-casein complex and its 

relation to human health is also under investiga-

tion. 
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ミルク成分によるカテキンの渋味抑制効果について

-浦孝之*・阿久津良造

(日本獣医生命科学大学応用生命科学部食品科学科，東京都武蔵野市 2-27-5)

ミルク成分によるカテキンの渋味抑制効果を採点法および2点試験法を用いて評価した。カテキンーミルク成分混合

試験区は6.26mgjmLカテキン溶液に対し，全乳， 9%スキムミルク， 4.5%ラクトースあるいは3.8%クリームを等量

ずつ混合して調製した。これらのうち，ラクトース以外の試験区で46-58%の渋味減少効果が認められた。次にカテキ

ンーミルク成分混合試験区において遊離カテキンの量を高速液体クロマトグラフィー (HPLC)を用いて測定した。試

験区はカテキンに対し 9%スキムミルク， 4.5%ラクトースおよびホエイを混合し調製した。これら試験区を酸沈澱に

よって除たんぱくした後，得られた上清みに含まれる遊離カテキン量を測定した。スキムミルク混合試験区では遊離カ

テキンは約95%程度の減少を示したが，ラクトースおよびホエイ混合試験区では5-25%程度の減少であった。さら

に，同モル濃度の各種カゼイン (α，s，K)が遊離カテキン量へ及ぼす影響を調べたところ， β"カゼインが最も遊離カテ

キン量を減少させた(約35%減少)。これらの結果はカテキンの渋味はミルク成分によって抑制されることを示してい

る。
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