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Abstract Tea polyphenols, e.g., (-)-epigallocatechin-

3-O-(3-O-methyl gallate (EGCG3’’Me), (-)-epigalloca-

techin-3-O-gallate (EGCG), (-)-epigallocatechin (EGC),

(-)-epicatechin-3-O-gallate (ECG), and (-)-epicate-

chin (EC), are believed to be responsible for the

beneficial effects of tea. ‘Benifuuki’, a tea (Camellia

sinensis L.) cultivar grown in Japan, is rich in the anti-

allergic molecule epigallocatechin-3-O-(3-O-methyl)

gallate (EGCG3’’Me). Pulverized Benifuuki green tea

powder (BGP) is more widely distributed than leaf tea

in Japan. Japanese people mix their pulverized tea

with water directly, whereas it is common to drink leaf

tea after extraction. However, few studies of the

effects of BGP particle size on polyphenol bioavail-

ability have been performed. This study was con-

ducted to investigate the absorption of catechins in rats

after the intragastric administration of Benifuuki green

tea. Therefore, we assessed the plasma concentrations

of catechins following the ingestion of BGP with

different mean particle sizes (2.86, 18.6, and 76.1 lm)

or Benifuuki green tea infusion (BGI) as a control in

rats. The bioavailabilities of EGCG3’’Me, EGCG,

ECG, EGC, and EC were analyzed after the oral

administration of a single dose of Benifuuki green tea

(125 mg/rat) to rats. The plasma concentrations of tea

catechins were determined by HPLC analysis com-

bined with of electrochemical detection (ECD) using a

coulometric array. The AUC (area under the drug

concentration versus time curve; min lg/mL) of ester-

type catechins (EGCG3’’Me, EGCG, and ECG) for the

BGP 2.86 lm were significantly higher than those in

the infusion and 18.6 and 76.1 lm BGP groups, but

the AUC of free-type catechins (EGC and EC) showed

no differences between these groups. Regarding the

peak plasma level of EGCG3’’Me adjusted for intake,

BGP 2.86 lm and BGI showed higher values than the

BGP 18.6 and 76.1 lm groups, and the peak plasma

levels of the other catechins displayed the same

tendency. The present study demonstrates that the

bioavailability of ester-type catechins (EGCG and

ECG) can be improved by reducing the particle size of

green tea, but the plasma level of EGCG3’’Me in the
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BGI group was similar to that in the BGP 2.86 lm

group. This result suggests that drinking Benifuuki

green tea with a particle size of around 2 lm would

deliver the anti-allergic EGCG3’’Me and the anti-

oxidant EGCG efficiently.

Keywords O-methylated EGCG � Absorption �
‘Benifuuki’ green tea powder particle size �
Anti-allergic effect

Abbreviations

EGCG (-)-Epigallocatechin-3-O-gallate

EGCG3’’Me (-)-Epigallocatechin-3-O-(3-O-

methyl) gallate

ECG (-)-Epicatechin-3-O-gallate

EGC (-)-Epigallocatechin

EC (-)-Epicatechin

BGI Benifuuki green tea infusion

BGP Benifuuki green tea powder

HPLC High-performance liquid

chromatography

AUC Area under the plasma concentration

versus time curve

Cmax The maximum plasma concentration

Tmax Time to reach the maximum plasma

concentration

i.g. Intragastric(ally)

Introduction

Tea (Camellia sinensis L.) is consumed all over the

world, particularly in Japan and China, where it has

been used for medicinal purposes for tens of centu-

ries. It has been reported that tea has various

bioregulatory activities, such as anti-carcinogenetic

(Kuroda and Hara 1999; Lin et al. 1999; Suganuma

et al. 1999; Cao and Cao 1999; Ahmad et al. 2000;

Lambert and Yang 2003), anti-metastatic (Isemura

et al. 1993; Sazuka et al. 1995; Sazuka et al. 1997;

Maeda-Yamamoto et al. 1999; Maeda-Yamamoto

et al. 2003), anti-oxidative (Okuda et al. 1983; Bors

and Saran 1987; Kimura et al. 2002; Hashimoto et al.

2003), anti-hypertensive (Yokozawa et al. 1994),

anti-hypercholesterolemic (Murase et al. 2002;

Chisaka et al. 1988; Matsumoto et al. 1998), anti-

dental caries (Hattori et al. 1990; Sakanaka et al.

1992), anti-bacterial (Fukai et al. 1991), and intestinal

flora amelioration activity (Okubo et al. 1992).

Catechins, a group of polyphenolic compounds, have

been shown to be largely responsible for these

activities. Epigallocatechin-3-O-gallate (EGCG) is

the major catechin component of green tea and may

be its major active constituent.

Allergies are defined as diseases that provoke

excessive immune activity (Kinet 1999; Kawakami

and Galli 2002), and in Japan, allergy morbidity is

estimated to be about 30%. Many Japanese people

have misgivings about the use of anti-allergic med-

icine because of the side effects and expense so there

is a demand for physiologically-functional foods for

allergy prevention to be developed. Catechins have

been demonstrated to have anti-allergic effects

(Matsuo et al. 1997; Yamashita et al. 2000). We

have previously demonstrated that O-methylated

EGCG (epigallocatechin-3-O-(3-O-methyl) gallate

(EGCG3’’Me), epigallocatechin-3-O-(4-O-methyl)

gallate (EGCG4’’Me) (Sano et al. 1999; Suzuki

et al. 2000; Fujimura et al. 2002; Maeda-Yamamoto

et al. 2004; Fujimura et al. 2007), and strictinin

(Tachibana et al. 2001) have anti-allergic actions and

that the Japanese tea cultivar Benifuuki is rich in

EGCG3’’Me, which is not present in black tea

(Maeda-Yamamoto et al. 1998; Maeda-Yamamoto

et al. 2001). The oral administration of these meth-

ylated catechins significantly and dose-dependently

(5–50 mg/kg) inhibited type I allergic (anaphylactic)

reactions in mice sensitized with ovalbumin and

Freund’s incomplete adjuvant. These catechins also

strongly inhibited mast cell activation by preventing

the tyrosine phosphorylation (Lyn, Syk, and Btk) of

cellular proteins, histamine/leukotriene release, and

interleukin-2 secretion after FceRI cross-linking

(Maeda-Yamamoto et al. 2004).

Previously, we reported on the bioavailability of

EGCG3’’Me and EGCG after the oral administration

of Benifuuki green tea infusion in humans (Maeda-

Yamamoto et al. 2007). Pulverized Benifuuki green

tea powder (BGP) is more widely-distributed than

leaf tea in Japan. Japanese people mix pulverized tea

with water directly, whereas it is common to drink

leaf tea after extraction. However, few studies of the

effects of BGP particle size on catechin bioavailabil-

ity have been performed. In this paper, we examine

the blood levels of EGCG3’’Me and other cate-

chins after the administration of pulverized green tea
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(cv. Benifuuki) powders with different particle sizes

or infused tea to rats.

Materials and methods

Chemicals

b-D-glucuronidase (G-7896, EC 3.2.1.31, from Esch-

erichia coli with 9 9 106 U/g solids) and sulfatase

(S-9754, EC 3.1.6.1, from abalone entrails with

0.2 9 105 U/g solids) were purchased from Sigma–

Aldrich chemical (St. Louis, MO). All other reagents

were of the highest grade commercially available.

Green tea sample

The green tea (cv. Benifuuki) was manufactured at

the National Institute of Vegetable and Tea Science

(NIVTS), Shizuoka, Japan, and was pulverized to fine

powders with different mean particle sizes 2.86 lm

(BGP 2.86 lm), 18.6 lm (BGP 18.6 lm), and

76.1 lm (BGP 76.1 lm) by Nisshin Engineering

Limited (Tokyo, Japan). Mean green tea particle size

was measured by the laser diffraction scattering

method (Mastersizer 2000, Malvern Instruments Ltd.,

Worcestershire, UK).

To make the green tea infusion (BGI), 1.25 g of

Benifuuki green tea were extracted for 10 min in

20 mL of boiled distilled water. After centrifugation,

the supernatant was used as the infusion. The catechin

(Fig. 1) contents of the infusion were measured by

high performance liquid chromatography (HPLC).

Rats

All animal care and experimental protocols were

approved by NIVTS’s Animal Care and Use Commit-

tee. Female Sprague–Dawley rats (8 weaks;

168–189 g) were purchased from Charles River Lab-

oratories (Yokohama, Japan). The rats were initially

fed a nutritionally complete purified maintenance diet

(CRF-1, Oriental Yeast, Tokyo, Japan) for 2 days prior

to the study and were maintained in air-conditioned

quarters with a room temperature of 22 ± 2 �C, a

relative humidity of 50 ± 10%, and an alternating

12 h light: dark cycle. The rats were allowed ad libitum

access to their diet and water. The rats were deprived of

food for 12 h prior to the experiment.

Treatment of rats and sample collection

BGI (2 mL) and BGP (125 mg of powder was

dispersed in 2 mL of distilled water just before use)

were orally administrated to the rats (5 per group) by

intragastric gavage. Following gavage, 500 lL of

blood were collected at 1, 3, 6, 11, and 24 h from the

tail vein. Blood samples were placed in Li-heparin

tubes to prevent clotting and then centrifuged

(5,000 rpm, 10 min, 4 �C). Following centrifugation,

100 lL of plasma were collected and stabilized

by the addition of 25 lL of 1% aqueous ascorbic

acid solution (W/V). The samples were then stored at

-80 �C prior to analysis.

Analysis of catechins

The catechin contents of the BGP and BGI were

analyzed as previously reported (Maeda-Yamamoto

et al. 2005). In brief, the plasma levels of total

(sulfatase/glucuronidase-treated) catechins were ana-

lyzed as previously reported (Chen et al. 1997). One

hundred microliters of plasma samples were thawed

at room temperature and 50 lL of 0.4 M sodium

phosphate buffer (pH 7.4) were added. The sample

was mixed with 10 lL of b-glucuronidase (250 units)

and 10 lL of sulfatase (10 units) and then incubated

at 37 �C for 45 min. Two hundred and 50 lL of

dichloromethane were added to the reaction mixture

and then vortexed. After centrifugation at 15,000 g

for 10 min, the supernatant (aqueous phase) was

extracted with fivefold ethyl acetate twice. The

combined ethyl acetate solutions were evaporated to

O
R1

OH

OH

HO

OH

OR2
OR3

OH

OH

C
O R1             R2          R3

EC                   H              H
EGC               OH            H
ECG                H            gallate       H
EGCG            OH          gallate       H
EGCG3"Me    OH          gallate      CH3

gallate

Fig. 1 Chemical structures of catechins in Benifuuki green tea
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dryness in a vacuum centrifuge concentrator. The

residues were redissolved in 100 lL of a NaH2PO4

buffer (pH 2.5) supplemented with 0.1 mM EDTA-

acetonitrile (87:13) solution. The resultant solution

was centrifuged, and a 20 lL sample was injected

into the HPLC. The plasma level of free (uncongu-

gated) EGCG3’’Me was analyzed as previously

described without enzyme treatment, because meth-

ylated EGCG was one of metabolites. The overall

recoveries during the sample preparation procedure

of EGCG, EGC, ECG, and EC were 84 ± 6, 80 ± 8,

90 ± 7, and 82 ± 4%, respectively (Lee et al. 2000).

After being filtrated through a membrane filter

(DISMIC-13HP-PTFE, pore size 0.45 lm, ADVAN-

TEC, Tokyo, Japan), 20 lL of the filtrate were

injected using an autosampler (SIL-10Avp, Shimadzu,

Kyoto, Japan) into the HPLC apparatus (Shimadzu

class VP HPLC system). HPLC was performed with a

Shimadzu LC-10A pump coupled with a Coulochem-

III electrode array detector (ESA Inc., Bedford, MA,

USA) using a reverse-phase Wakopak Navi C18-5

column (150 9 4.6 mm i.d., particle size; 5 lm,

Wako Chemical, Tokyo, Japan) with a Wakopak Navi

C18-5 column (10 9 4.6 mm i.d., particle size; 5 lm,

Wako Chemical) as a guard column eluted with the

eluent described below at a flow rate of 1 mL/min at

40 �C. HPLC analysis was performed using a linear

gradient system with mobile phase A (H2O-acetoni-

trile-H3PO4, 400:10:1) and mobile phase B (methanol-

mobile phase A, 1:2). Linear gradient elution was

performed as follows: 100% mobile phase A for

2 min; 20% mobile phase A for 27 min; 20% mobile

phase A for a further 10 min; and return to 100%

mobile phase A for 7 min. The eluent was monitored

using the Coulochem-III electrode array system with

potential settings at -200 (E1) and 400 mV(E2).

Quantification was carried out using the external

standard method. Catechin quantification was per-

formed after data acquisition using an LC workstation

(Class VP system, Shimadzu, Kyoto, Japan).

Pharmacokinetic analysis

The AUC (area under the plasma concentration vs.

time curve), Cmax (the maximum plasma concentra-

tion), and Tmax (time to reach the maximum plasma

concentration) were determined using Microsoft

Excel (Office 2007) and KaleidaGraph v.3.6 J (Syn-

ergy software, PA, USA).

Statistical analysis

Data are expressed as the mean ± standard deviation

(SD) of five rats.

Multigroup comparisons were conducted one-way

analysis of variance (ANOVA) followed by the

Tukey–Kramer multiple comparison test, assuming

a significance level of 5 or 1% using Statcel software

(ver. 2).

Results

Pharmacokinetics of plasma catechins

after the intragastric administration of Benifuuki

green tea

To study the bioavailability of EGCG3’’Me and other

catechins after the administration of green tea, BGP

with different particle sizes or BGI (control) was

given to rats i.g. After the Benifuuki green tea had

been i.g. administered to the rats at 125 mg/body

equivalency, blood samples were collected at differ-

ent time points (1, 3, 6, 11, and 24 h). Table 1 shows

a comparison of the intake, Tmax, Cmax, and AUC for

plasma catechins after the intragastric administration

of the Benifuuki green teas (3 powders with different

particle sizes and an infusion).

Lambert et al. (2003) demonstrated that in a

comparison of the EGCG concentration of sulfatase/

glucuronisdase-treated plasma (total EGCG) with that

of free plasma (unconjugated EGCG), 50–90% of

EGCG was present in the conjugated form in mouse

plasma after oral administration of EGCG. Lee et al.

(2002) indicated that after 1 h ingestion, 77% of the

EGCG was present in the free (unconjugated) form

whereas 31% of EGC and 21% of EC were in the free

form. O-methylated EGCG was one of metabolite.

So, EGCG, ECG, EGC and EC were shown as total

(sulfatase/glucuronidase-treated) catechin.

The mean intake concentrations of ester-type

catechins in the BGI group were about half of those

in the other BGP groups, and the differences between

BGI group and the other BGP groups were significant.

The intragastric administration of the green teas

(BGP and BGI) did not result in significant changes in

the Tmax of any catechin (1.17 ± 0.09–2.89 ± 1.89 h).

In the BGP 2.86 lm group, the Cmax of ester-type

catechins (free EGCG3’’Me, total EGCG, and total
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ECG) were significantly higher than those of the other

groups (BGP 2.86 lm [ BGI [ BGP 76.4 lm =

BGP 18.6 lm). Furthermore, the AUC of ester-type

catechins in the BGP 2.86 lm group were significantly

higher than those of the other groups (approximately

2–3 fold higher).

Absorption of catechins after intragastric

administration

Figure 2 shows the mean absorption of EGCG3’’Me

(A), EGCG (B), ECG (C), EGC (D), and EC (E) con-

centration–time profiles after Benifuuki green tea

administration. The peak absorption levels of EGC,

EGCG, EC, EGCG3’’Me, and ECG were 0.13 ±

0.06%, 0.08 ± 0.01%, 0.1 ± 0.05%, 0.21 ± 0.06%,

and 0.32 ± 0.15%, respectively. The EGCG3’’Me

absorption rates of BGP 2.86, 18.6, 76.4 lm, and

BGI were 0.52, 0.16, 0.23, and 0.42%, respectively.

The EGCG absorption rates of BGP 2.86, 18.6,

76.4 lm, and BGI were 0.46, 0.16, 0.19, and 0.39%,

respectively. The ECG absorption rates of BGP 2.86,

18.6, 76.4 lm, and BGI were 0.43, 0.20, 0.21, and

0.40%, respectively. The EGC absorption rates of BGP

2.86, 18.6, 76.4 lm, and BGI were 1.05, 0.96, 0.82, and

0.80%, respectively. The EC absorption rates of BGP

2.86, 18.6, 76.4 lm, and BGI were 1.21, 1.20, 1.12, and

1.17%, respectively. Similar to the AUC of the

Table 1 Comparison of the Intake, Tmax, Cmax, and AUC of plasma catechins after the i.g. administration of green teas (cv.

Benifuuki)

BGP 2.86 lm BGP 18.6 lm BGP 76.1 lm BGI

EGCG3’’Me

Intake (mg/rat) 1.88 ± 0.05a 1.81 ± 0.04ab 1.74 ± 0.02b 0.84 ± 0.04c

Tmax (h) 1.57 ± 0.58 1.17 ± 0.09 1.85 ± 0.95 1.47 ± 0.10

Cmax (lg/L) 224.8 ± 98.9a 40.5 ± 47.3b 64.8 ± 40.6b 74.5 ± 24.3b

AUC (lg h/L) 760.9 ± 273.4a 229.9 ± 152.3b 319.8 ± 123.7b 288.2 ± 112.6b

EGCG

Intake (mg/rat) 7.71 ± 0.15a 7.46 ± 0.06a 7.41 ± 0.05a 3.60 ± 0.17b

Tmax (h) 1.74 ± 0.57 2.89 ± 1.89 1.85 ± 0.88 2.76 ± 0.75

Cmax (lg/L) 642.7 ± 263.6a 148.3 ± 97.1b 739.3 ± 275.2a 130.9 ± 63.4b

AUC (lg h/L) 2763.5 ± 1158.9a 968.3 ± 169.6b 1157.7 ± 417.7b 1166.4 ± 312.8b

ECG

Intake (mg/rat) 1.95 ± 0.04a 1.88 ± 0.02a 1.87 ± 0.01a 0.80 ± 0.04b

Tmax (h) 1.42 ± 0.09 2.87 ± 2.04 1.18 ± 0.62 2.11 ± 1.08

Cmax (lg/L) 171.2 ± 82.6a 44.2 ± 34.2b 79.4 ± 61.6a 58.0 ± 24.5b

AUC (lg h/L) 660.8 ± 191.9a 305.2 ± 151.2b 315.4 ± 150.9b 222.1 ± 87.2b

EGC

Intake (mg/rat) 4.42 ± 0.09a 4.30 ± 0.02a 4.31 ± 0.04a 3.75 ± 0.16b

Tmax (h) 1.86 ± 0.61 1.55 ± 0.27 1.83 ± 0.93 1.47 ± 0.27

Cmax (lg/L) 903.1 ± 202.0 819.0 ± 251.0 757.6 ± 247.1 674.4 ± 213.1

AUC (lg h/L) 3577.0 ± 793.2 3447.5 ± 841.5 2887.0 ± 923.2 2463.2 ± 730.1

EC

Intake (mg/rat) 1.38 ± 0.03a 1.34 ± 0.02a 1.33 ± 0.02a 1.16 ± 0.05b

Tmax (h) 1.83 ± 0.66 1.78 ± 0.75 1.83 ± 0.88 1.45 ± 0.28

Cmax (lg/L) 420.8 ± 148.2 571.2 ± 299.5 405.5 ± 168.3 479.9 ± 174.7

AUC (lg h/L) 1288.3 ± 315.7 1300.8 ± 462.3 1192.6 ± 839.9 1091.7 ± 443.0

All values represent the mean ± SD of 5 measurements except for the intake values (3 measurements)

EGCG3’’Me, (-)-epigallocaetchin-3-O-(3-O-methyl) gallate; EGCG, (-)-epigallocatechin-3-O-gallate; ECG, (-)-epicatechin-3-O-

gallate; EGC, (-)-epigallocatechin; EC, (-)-epicatechin. The catechin content was analyzed by HPLC with a binary gradient and

ultraviolet visible detection (Intake) or a Coulochem-III electrode array system (Tmax, Cmax, and AUC). In each row, means with

different superscript letters are significantly different, P \ 0.05 (ANOVA and Tukey-Kramer’s method)
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ester-type catechins, the absorptions of ester-type

catechins were highest in the BGP 2.86 lm group.

However, among the tested groups, the peak absorp-

tion level of EGCG3’’Me was highest in the BGP

2.86 lm and BGI groups (BGP

2.86 lm C BGI [ BGP 76.4 lm = BGP 18.4 lm).

The peak absorption levels of free-type catechins

(EGC and EC) did not differ between the groups.

Discussion

We studied the bioavailability of EGCG3’’Me and

other catechins after the i.g. administration of BGP

with different particle sizes (2.86, 18.4, and 76.4 lm)

or BGI (infusion, control) to rats. The mean intake

concentrations of all catechins in the BGI group were

about half of those of the other BGP groups, and the

differences were significant. The reason was that the

extraction rate of the BGI was lower than those of

the BGP groups, despite the same green tea leaf

quantity being administered in all groups. After the

administration of BGP 2.86 lm, the Cmax of ester-

type catechins were significantly higher than the

values seen in the other groups, and the following

order was observed: BGP 2.86 lm [ BGI [ BGP

76.4 lm = BGP 18.6 lm. The AUC of ester-type

catechins in the BGP 2.86 lm groups were signifi-

cantly higher than those in the other groups, and the

differences were approximately 2–3 fold.

The plasma levels of ester-type catechins

(EGCG3’’Me, EGCG, ECG) were highest in the

BGP 2.86 lm, but those of free-type catechins (EGC

and EC) showed no difference among the 4 groups.
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Fig. 2 Absorption of

catechins versus time

profiles after the oral

administration of 4 types of

Benifuuki green tea in rats

i.g. BGP 2.86 lm:

Benifuuki green tea powder

with a mean particle size of

2.86 lm, BGP 18.6 lm:

Benifuuki green tea powder

18.6 lm, BGP 76.1 lm:

Benifuuki green tea powder

76.1 lm, BGI: Benifuuki

green tea infusion.

Absorption was

calculated as follows;

Absorption = (plasma

concentration (lg/L)/1,000

* blood volume (rat

weight(g) * 70/1,000))/

(intake (mg) * 1,000) * 100).

Each point represents the

mean of five rats, and the

cross-vertical bars represent

the SD of the mean. All rats

were given Benifuuki green

tea within 1 min via

gavage. a EGCG3’’Me,

b EGCG, c ECG, d EGC,

e EC
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The absorption of free-type catechins in rats was

higher than that of ester-type catechins. In ester-type

catechins, absorption was highest in the BGP 2.86 lm

group, followed by the BGI, BGP 18.6 lm, and BGP

76.4 lm groups. This result suggested that a Beni-

fuuki green tea powder particle size of around 2 lm

would be good for efficiently delivering the anti-

allergic EGCG3’’Me or the anti-oxidant EGCG.

The mean particle size of Matcha green tea, which

is commonly used, was reported to be approximately

20 lm (Haraguchi et al. 2003; Sawamura et al. 2010).

However, in this study the ester-type catechin plasma

level was higher in the BGP 2.86 lm group than in

the infusion or larger particle size groups. The present

study demonstrated that the bioavailability of the

beneficial components of Benifuuki green tea, espe-

cially ester-type catechins, could be significantly

improved by reducing the particle size (11 )
2.8 lm). Li et al. (2008) demonstrated that reducing

the particle size (3.5 lm ) 220 nm) produced sig-

nificant increases (two-fold) in the antioxidant and

antitumor activities of green tea particles in vitro.

Deng et al. (2001) demonstrated that Realgar with a

smaller particle size of 150 or 100 nm markedly

reduced cell viability through apoptosis compared

with that with a particle size of 200 or 500 nm.

Suzuki et al. (2003) demonstrated that synthesized

catechins were localized to restricted regions within

the large central vacuoles (5–15 lm) or some small

vacuoles (0.5–3 lm) in tea leaf mesophyll cells. It is

conceivable that catechin form complexes with metal

ions such as Ca(II) and Mg(II) and special proteins in

central vacuole. Suzuki et al. (2003) supposed that

synthesized catechins in ER or Golgi apparatus are

packed in the formation of a small vacuole and small

vacuoles fuse with each other and as a result,

catechins are transported into the large central

vacuole. However, localization of individual catechin

was not fully elucidated. We supposed that ester type

catechins were absorbed at 2.86 lm well by these

catechins being located in small vacuole mainly.

On the other hand, Lambert et al. (2004, 2008)

demonstrated that genistein (2008) from soybean and

piperine (2004) from black pepper enhanced EGCG

availability. This study revealed the modulation of

EGCG bioavailability by a second dietary component

and the plasma concentrations of free-type catechin,

EGC, and EC, and there were no differences between

any of the groups.

In our study, we found that the absorption of the

beneficial components of Benifuuki green tea, espe-

cially the absorption of ester-type catechins, was

significantly improved by reducing the particle size.

It was previously shown that an extremely small size

particle (e.g., nano-scale powder) showed nano-

specific toxicological actions (O’brien and Cummins

2010), so it is important to clarify the optimal particle

size and food components for modulating bioavail-

ability in humans in future.

The present results regarding the pharmacokinetic

properties of EGCG3’’Me, EGCG, ECG, EGC, and

EC provide a base for understanding the size effects

of Benifuuki green tea powder in rats. To understand

the health effects of this tea in humans, we are

studying the pharmacokinetics of Benifuuki catechins

in human volunteers.
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