JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2004, 52, 5513-5518 5513
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Caffeoyl quinic acid (CQA) derivatives in ku-ding-cha, mate, coffee, and related plants were determined
by HPLC. One ku-ding-cha contained a large amount of 3,5-dicaffeoylquinic acid (3,5-diCQA, 10.6%
in dry weight) as well as 3-CQA (1.7%), 4-CQA (1.1%), 5-CQA (6.3%), 3,4-diCQA (1.8%), and 4,5-
diCQA (4.3%). In this ku-ding-cha, the total caffeic acid moiety was 90.3 mmol/100 g of dry weight.
The leaves of llex latifolia, which is one original species of ku-ding-cha, and another plant of the
same genus, /. rotunda, also contained 3,5-diCQA (9.5 and 14.6%), 3-CQA (4.3 and 1.9%), and
5-CQA (4.8 and 3.8%), respectively, whereas raw coffee bean contained 5.5% 5-CQA and other low
CQA derivatives. 3,5-DICQA and 5-CQA with an apple acetone powder (AP) containing polyphenol
oxidase showed high capturing activities toward thiols, and two addition compounds between 3,5-
diCQA and methane thiol were also identified. Ku-ding-cha indicated extremely strong capturing
activities toward methanethiol, propanethiol, and 2-propenethiol in the presence of apple AP.
Furthermore, drinking ku-ding-cha reduced the amount of allyl methyl sulfide gas, well-known to persist
as malodorous breath long after the ingestion of garlic.

KEYWORDS: Enzymatic deodorization; bad breath; ku-ding-cha; llex latifolia ; llex rotunda ; acetone
powder; caffeoylquinic acid; thiol; allyl methyl sulfide

INTRODUCTION gustrum japonicunvar. pubescend.igustrum robustrumilex

Ku-ding-cha is generally consumed in southern China as acornu_ta,llex k_udincha,llex Ia_tif_olia, Cra_ltoxylum prunifoliur_n,
tea-like beverage. The color of the beverage is light green, but Ehretia thyrsiflora, andPhotinia serruiata(1, 9). The main
the taste is very bitter. This nature is the origin of the Chinese Plants arel. cornuta, I. kudincha, and. latifolia (10), which
name, ku-ding-cha (1). The bitter taste is known to be causedbPelong to the same genus as mallex( paraguariensis). In
by terpenes and their glycoside®, @). It has been reported ~— ancient times, leaves ¢flatifolia were used as paper or cards
that triterpenoids from ku-ding-cha have inhibitory effects on for writing brief letters in temples, because black letters
acyl CoA cholesteryl acyl transferasé 6). These compounds ~ remained on the leaves after writing injured the surface of the
may serve as new types of medicines to treat arteriosclerosisleaves. This phenomenon has been thought to be caused by the
and obesity 4). When we examined ku-ding-cha extracts by reactions of large amounts of polyphenolic compounds and
two-dimensional paper chromatography, two spots emitting Polyphenol oxidases in the leaves.
blue-white fluorescence were detected. These spots are likely Recently we have been studying enzymatic deodorization, a
chlorogenic acid and isochlorogenic acid (3,5-dicaffeoylquinic novel method involving the use of polyphenolic compounds
acid). The coffee bean is well-known as a plant containing (PPs) and polyphenol oxidases (PPOs) or peroxidases (PODs)
caffeoylquinic acid (CQA) derivative$(7). Mate, a traditional to remove bad odors from the mouth and the environnieht(
beverage in South America, has also been reported to contain16). We have previously demonstrated that deodorization with

these compounds (8). ' . foods is achieved by multiple actions including physical and
The original plants of ku-ding-cha consist of about 10 known chemical interactions between volatile sulfur compounds from
species,Ligustrum pedunclareLigustrum purpurascend,i- Allium species and foods, enzymatic degradation of disulfides,

and addition of thiols to PPs catalyzed by PPOs or PABS. (
* Author to whom correspondence should be addressed (telephdhe . .
20-853-4933; faxi-81-29-853-4605; e-mail negishi@sakura.cc.tsukuba.acjp).  On the other hand, the formation of volatile sulfur compounds

lUni\_/erSity of Tsukuba. - o from Allium species (17) andllium breath volatiles (18—22)

o stitute of Nutrition Sciences, Kagawa Rutrition University. have been investigated in detail. It is well-known that malodor-
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the gut, particularly in the case of sulfur compounds produced was washed twice with 80% acetone (200 mL) af@, acetone

after the ingestion oAllium species. Furthermore, it has been
demonstrated that most allyl methyl sulfide (AMS) gas origi-

removed, and the residue lyophilized. The acetone powders containing
enzymes such as PPOs and PODs was store@@tC. It was reported

nates from the gut (rather than the mouth), and this gas is likely that apple AP (or PPO) and pear AP (or PPO) were more specific for

to account for the well-known persistence of malodorous breath ch

long after garlic ingestion1©). AMS is presumed to form via
the methylation of 2-propenethioR?) or the methylation of

diallyl disulfide and diallyl sulfide followed by the breakdown
of the disulfide and sulfide—carbon bond (23).

lorogenic acid (5-CQA) andH)-epicatechin (EC)1), respectively.
Assay of PPO Actvity. PPO activity was assayed by direct
colorimetric method 28). The mixtures of 2 mg of AP and 2 mL of
0.1 M potassium phosphate buffer (pH 6.0) were well suspended and
preincubated at 30C in each test tube, and then the reactions were
initiated by the addition of 2 mL of 10 mM 5-CQA or EC solution.

These studies suggest that ku-ding-cha containing CQA After the incubations for 1, 2, and 4 min, the reactions were stopped
derivatives has great potential for deodorization. The purpose by the additions of 0.2 mL 2 N HCI. Furthermore, after centrifugation
of this study was to determine CQA derivatives in ku-ding-cha at 3500 rpm for 5 min, absorbances of the supernatants at 420 nm
and related plants and to investigate the effect of ku-ding-cha were measured. One unit of activity was defined as the amount of

on the in vivo removal of AMS as well as thiols.

MATERIALS AND METHODS

Tea Products and Plants. Several ku-ding-cha varieties were

enzyme that induced a change of 0.01/min in absorbance.
Measurements of the Thiols and AMS-Capturing Activities. (i)
Reactions with ThiolsTo a mixture of 10 mg of apple AP (or 20 mg
of pear AP) and 10@L of a 0.1% thiol aqueous suspension in a 30-
mL borosilicate glass vial with open-top screw cap and Teflon/silicon

purchased from tea stores in Yunnan and Shanghai, China, and coffeedisk (Pierce) was added 2.0 mL of a beverage that was extracted from

beans (Coffea arabica), maté. (paraguariensis, product made in

1.0 g of tea powder with 50 mL of hot water. The vial was shaken by

Argentina), and teas (green tea, black tea, and oolong tea) fromhand at a rate of 2 strokes/s at 25 for 3 min. An aliquot volume of

supermarkets in Japan. Fresh leaveldeafspecied. latifolia, I. integra,
I. rotunda, I. macropoda, and. cornuta were collected from the
botanical gardens of Tsukuba University and Kagawa Nutrition
University. The leaves were lyophilized and stored-20 °C.
Chemicals. A 15% sodium methanethiolate aqueous solution,
propanethiol, 2-propenethiol, AMS, dimethyl sulfide, dimethyl disulfide,
diallyl sulfide, diallyl disulfide, and chlorogenic acid were purchased
from Tokyo Chemical Industry Co., Ltd., Tokyo, Japan. Wakosil 25C18

the headspace gas<8 mL) was passed through a detector tube. The
effect of acetone powder and CQA was measured by mixing 2 mg of
apple AP, 1.0 mL of a 0.1 M acetate buffer (pH 5.0), 0.8 mL of a 2.5
mM 5-CQA or a 1.25 mM 3,5-diCQA solution, 5L of a 0.1% thiol
aqueous suspension, and 140 of water.

A control reaction was carried out without CQA derivatives,
beverages, or acetone powder. The thiol-capturing activity of each
material was measured in duplicate. Capturing activity (percent) was

was obtained from Wako Pure Chemical Industry, Osaka, Japan. expressed as (G- P)/C x 100, whereC is the amount of thiol
Detector tubes (no. 70L), which were used for measuring the amount compound in the control reaction aRds the amount of thiol compound

of thiols, were products of Gastec Corp., Kanagawa, Japanl@)2,
Silica gel adsorbed Hgelvas packed in the detector tubesx5130

in the reaction with CQA derivatives, beverages, or acetone powder.
(ii) Capture of AMS in Vio. The effectiveness of removing bad

mm) and thiol gas passed through the tube. The following reaction breath by drinking a beverage was examined in a healthy 48-year-old

occurred: RSH+ HgCl, — RSHgCI+ HCI. The yellow color of cresol

male with no problem with halitosis. Beverages were prepared by

red in the tube as a pH indicator changed to red with HCI as a reaction extracting 2 g of ku-ding-cha powder or 4 g @feen tea powder with

product.

Isolation of 3,5-Dicaffeoylquinic Acid (3,5-DiCQA). The powder
(20 g) of ku-ding-cha was extracted with 80% MeOH (200 mL) by
stirring for 5 h. After the solution was filtered through a filter paper

150 mL of hot water for 5 min. At lunch, the subject ate 480 g of

cooked rice and a soup containing 9 g of garlic paste in 10 min, rinsed
his mouth with a cup of water, and successively drank 150 mL of a
beverage or ate 150 g of an apple (cv. Ourin) in 5 min. He breathed

under suction, the residue was re-extracted twice with the same solventdeeply and stopped his breath for 20 s, anchtBé of hisbreath was

(200 mL) for 5 h. The solution was filtered, and the combined filtrates
were concentrated te©100 mL in a rotary vacuum evaporator at 45

collected in a polyester film bag, which is odorless and suitable for
the preservation of gases, with each sampling over an 8 h period.

°C. One hundred milliliters of water was added to the concentrate, and Furthermore, he did not eat anything except 100 mL of water after

the solution was extracted six times with 100 mL of chloroform to
remove chlorophyll. After the removal of chloroform from the solution,
the pH was adjusted te4 with 2 N HCI. The solution was extracted

each sampling time for-28 h. The concentrations of AMS gas in his
breath were measured with a gas chromatograph. His breath was
introduced inb a 5 mL loop of a gas sampler (model MGS-5, Shimadzu

seven times with 100 mL of ethyl acetate. The ethyl acetate layer was Corp., Kyoto, Japan) and analyzed by a GC-14B (Shimadzu Corp.)
evaporated to dryness under reduced pressure and further dried in aquipped with a flame photometric detector (24) and a glass column

desiccator with a vacuum to yield 1.58 g. A portion of the dry matter
(0.50 g) was dissolved in 20 mL of MeOH/1% AcOH (20:80) and
loaded onto a Wakosil 25C18 column (24532 cm) equilibrated with

(polyphenyl ether 5 ring 10%, 3.2 mm 3.1 m) according to the
methods of Tamaki and SonolkaX). Column temperature was held at
50 °C for 3 min, raised from 50 to 150C at 20 °C/min, and then held

the same solvent. After the column had been washed with the sameat 150°C for 14 min. Helium gas (60 mL/min) was used as a carrier

solvent, a stepwise elution with MeOH concentrations of 30, 40, 50,
60, and 80% in the solvent system of MeOH/1% AcOH was performed.

Eluates were monitored by HPLC and identified by LC-MS. 3,5-DICQA
was eluted with 40% MeOH with 1% AcOH. The fractions containing

3,5-diCQA were combined, concentrated in a rotary vacuum evaporator,

and lyophilized to yield 0.20 g of powder (crude 3,5-diCQA). Crude

gas. Retention times of MeSH, MeSMe, AlISH, AMS, (Mg 3)ISAII,
and (AlIS) standard samples were 1.6, 2.4, 4.1,5.8, 7.0, 8.3, and 13.3
min, respectively. The beverages and apple were assayed on different
days and in duplicate.

Large-Scale Reaction between 3,5-DICQA and MeSH and
Separation of Conjugates.The reactions were done on a large scale

3,5-diCQA (86.1 mg) was dissolved in absolute ethyl acetate and to identify the reaction products between 3,5-diCQA and MeSH. The

chloroform added to precipitat®4) 66.6 mg of a white 3,5-diCQA
powder. The!H NMR spectrum of 3,5-diCQA closely coincided with
those by Noguchi et al. and Chuda et @5¢27). Furthermore, [M-
H]* atm/z517, [M + Na]" atm/z539, and [(M+ H) — H,O]" atm/z
499 were detected by electrospray ionization (ESI) mass spectrum.
Preparation of the Acetone Powder (AP)Raw unripe apples (cv.

reaction mixture contained 200 mg of apple AP, 20 mL of 0.1 M acetate
buffer (pH 5.0), 2QuL of 15% MeSNa, and 20 mg of crude 3,5-diCQA.
The mixture was stirred for 40 min at 2&. Twenty microliters of a
15% MeSNa solution was added at 1, 3, 5, 10, 20, and 30 min after
the reaction started. The reaction was stopped by adding 2.0 mL of a
2 N HCI. The reaction was repeated five times. The reaction products

Ourin) or Japanese pears (cv. Housui) (100 g) were homogenized withwere purified by using a Wakosil 25C18 column according to the

400 mL of cold acetone{20°C) in a Waring blender. The homogenate

methods described for the isolation of 3,5-diCQA. A stepwise elution

was filtered through a filter paper under suction and the residue further with MeOH from 30 to 60% was carried out. The eluates were analyzed
homogenized with 400 mL of 80% acetone. After filtration, the residue by HPLC, and the main products were eluted with 50% MeOH and
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1% AcOH. The fraction containing the conjugates was concentrated
and lyophilized to yield 12.3 mg of powder. Five milligrams of this
powder was analyzed by NMR.

Quantitative Analysis of CQA Derivatives and Catechins in
Beverages and PlantsCQA derivatives or catechins were extracted
twice from 1.0 g of powder of a product for beverage with 90 mL of
hot water for 5 min. The mixture was filtered through a filter paper
under suction, and the filtrate was made up to 200 mL with water. On
the other hand, CQA derivatives from 1.0 g of powder of a lyophilized
or dried plant material were extracted three times with 100 mL of 80%

acetone. This mixture was well dispersed by ultrasonic wave treatment

for 5 min, followed by standing for 50 min. Each mixture was filtered
through a filter paper under suction and the combined filtrate
concentrated ta<2 mL in a rotary vacuum evaporator at 45. Water
was added to this solution, and chlorophyll was removed by extraction
with n-pentane. After removal af-pentane by further concentration,
the extract was made up to 100 mL with 50% MeOH. Eaqkl5of

the solutions prepared from beverages and plant materials was analyzed

by HPLC. Although no authentic samples of 3-CQA, 4-CQA, 3,4-
diCQA, and 4,5-diCQA were available, we identified these compounds
by LC-MS analysis and comparison to HPLC patterns of other
researchers2Q). The amounts of mono- and di-CQA were calculated
by using 5-CQA and 3,5-diCQA, respectively, as standards.

HPLC Analysis. Phenolic compounds and conjugates with MeSH
were analyzed by HPLC (LC-10AD system controlled by CLASS-VP
software ver. 6.1, Shimadzu Corp., Kyoto, Japan) with a TSKgel ODS-
80Ts column (4.6<x 250 mm, 5um, Tosoh Corp., Tokyo, Japan) at 30
°C. Elution was performed with MeOH/1% AcOH (a linear gradient
from 20 to 44% MeOH for 50 min and holding at 44% MeOH for 20
min) at a flow rate of 0.6 mL/min. Eluates were monitored at 280 and

330 nm and their spectra measured using a photodiode array (PDA),

SPD-M10Avp (Shimadzu Corp.). Six CQA derivatives [3-CQA (10.1
min), 5-CQA (16.3 min), 4-CQA (17.3 min), 3,4-diCQA (42.4 min),
3,5-diCQA (43.8 min), 4,5-diCQA (53.1 min)], 4 catechins-}¢
epigallocatechin (EGC, 11.5 min);-§-epigallocatechin gallate (EGCG,
16.8 min), ()-epicatechin (EC, 21.0 min),—~)-epicatechin gallate
(ECG, 29.7 min)], caffeic acid (21.9 min), and caffeine (19.3 min) in
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Figure 1. Separation of several CQA derivatives in ku-ding-cha by
HPLC: 1, 3-CQA; 2, 5-CQA; 3, 4-CQA; 4, 3,4-diCQA; 5, 3,5-diCQA; 6,
4,5-diCQA.

beans (roasted), ku-ding-cha, except for ku-ding-cha 4, contained
very large amounts of CQA derivatives. Ku-ding-cha 3 con-
tained 6.3 g of 5-CQA, 10.6 g of 3,5-diCQA, and 4.3 g of 4,5-
diCQA in 100 g of dry weight. Smaller quantities of other CQAs
were present. The total CQA derivatives corresponded to 90.3
mmol as caffeic acid moiety. It was reported that several species,
especiallyllex species, have been used to produce ku-ding-cha
in China @, 9, 10). Therefore, we analyzed several plants of
llex species and mate in addition to ku-ding-cha. The results
indicate thalt. latifolia, |. rotundg and matel( paraguariensi$

beverages and plants were separated and determined. The analysis wantain a large amount of total CQA derivatives, 63.9, 73.8,

carried out in duplicate, and the values were averaged.
LC-MS Analysis. LC-MS analysis was carried out using a Waters

and 42.1 mmol as caffeic acid moiety, respectively, as compared
to green coffee beans at 22.3 mmol. On the other hand, a small

LC-MS system (Waters Corp., Milford, MA) equipped with a Waters  amaount of caffeic acid was detected in ku-ding-cha 3 (0.10

ZQ mass detector, a Waters 2690 separations module, a Waters 99
PDA detector, and MassLynx software version 3.5. Column and

chromatographic conditions were the same as those used for the abov
HPLC analysis. The postcolumn split was 4:1. ESI mass spectrometry

§nmol/200 g of dry weight), mate (0.12 mmol/100 g)atifolia
(%0'45 mmol/100 g)). integra (0.07 mmol/100 g)J. rotunda

0.10 mmol/100 g)J. cornuta (0.05 mmol/100 g), and others

was used for the detection of CQA derivatives and the conjugates. The(<0.04 mmol/100 g). In the materials shown Table 1, no

following were the MS parameters: ionization mode;"E&an range,
m/z50—800; scan rate, 0.5 s; capillary voltage, 3.4 kV; cone voltage,
15 V; source block temperature, 120; and desolvation temperature,
400 °C. Nitrogen was used as desolvation and cone gas at flows of
400 and 50 L/h, respectively.

NMR Spectrum. The structures of the isolated compounds were
elucidated by measuring their NMR spectra in D with a JINM-
A400 spectrometer (JEOL, Tokyo, Japan). The methyl resonance of
TMS ato 0 in CD;OD was used as an internal standard.

RESULTS AND DISCUSSION

CQA Derivatives in Beverages and Plants.Six CQA
derivatives, 3-CQA, 4-CQA, 5-CQA, 3,4-diCQA, 3,5-diCQA,
and 4,5-diCQA, in ku-ding-cha were each separated by HPLC
as shown irFigure 1. 3,5-DiICQA was isolated from ku-ding-
cha by extraction and C18 column chromatography and identi-
fied by NMR. 3-CQA, 4-CQA, 5-CQA, 3,4-diCQA, 3,5-diCQA,
and 4,5-diCQA were also identified by LC-MS and the elution
order in HPLC compared to other studi@€{29). The spectra
of other minor peaks also had an absorption maximum near
330 nm, characteristic of caffeic acid moieflyable 1 shows
the contents of the CQA derivatives from the products of several

catechins could be detected. Furthermore, caffeine was detected
in mate (1.43 g/100 g) as well as coffee (roasted, 1.35 g/100 g;
green, 1.36 g/100 g from 80% acetone extract).
Thiol-Capturing Activities of CQA Derivatives and Bev-
erages. The analysis of ku-ding-cha and our studies on
deodorization 11—16) have suggested that a very large amount
of 5-CQA and 3,5-diCQA in ku-ding-cha, mate, and coffee can
contribute to removal of bad odor from the environment. The
capturing activities of these compounds toward thiols are shown
in Table 2. No activity of 5-CQA or 3,5-diCQA alone appeared,;
however, by their combination with apple AP, high capturing
activities were revealed toward MeSH and PrSH. If the reaction
time and amount of apple AP is large, All[SH-capturing activity
is thought to become higii2). InTable 2, the amount of caffeic
acid moiety was the same in both tests with 5-CQA and 3,5-
diCQA, because the reaction site involved in the oxidation
reaction of polyphenol oxidase (PPO) and captured thiols is the
caffeic acid moiety. Therefore, this demonstrated that the thiol-
capturing activity of 5-CQA with apple AP is stronger than that
of 3,5-diCQA with apple APTables 3and4 show the content
of catechins in green, black, and oolong teas, and the thiol-
capturing activities of several beverages, respectively. Ku-ding-

beverages and related raw plant materials. Compared to coffeecha 1 also needs AP containing PPO to present sufficient activity
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Table 1. Content of Caffeoyl Quinic Acid Derivatives in Several Products for Beverages and Raw Plant Materials
contents (g/100 g of dry wt) total CA
material 3-CQA 4-CQA 5-CQA 3,4-diCQA 3,5-diCQA 4,5-diCQA (mmol)
beverage product?
ku-ding-cha 1 0.15 0.18 1.45 0.12 3.75 0.62 224
ku-ding-cha 2 0.96 0.64 1.82 0.99 5.44 2.97 46.0
ku-ding-cha 3 1.70 113 6.32 1.81 10.60 4.25 90.3
ku-ding-cha 4 0.61 0.47 1.43 0.05 0.54 0.18 10.1
mate (I. paraguariensis) 2.68 1.22 2.30 0.60 4.04 1.72 421
coffee bean, roasted (C. arabica) 0.60 0.68 1.35 0.07 0.05 0.08 8.2
raw plant material®
|. latifolia® 4.27 0.12 4.80 0.07 9.46 0.28 63.9
. integra® 2.79 0.14 441 0.01 0.71 0.07 238
|. rotunda® 1.88 0.04 3.76 0.09 14.57 0.28 73.8
|. macropoda® 0.11 0.01 2.50 0.06 4.98 0.33 28.2
|. cornuta® 0.59 0.03 2.23 0.06 4.96 0.12 279
coffee bean, green (C. arabica) 0.40 0.61 5.54 0.16 0.39 0.43 223

aproducts were dried matter. Ku-ding-chas 1—4 were different from each other in their shapes. ° All were lyophilized except for coffee beans, which were dried. ¢ The
leaves of the plants were used. 9 Total caffeic acid (CA) moiety (mmol/100 g of dry wt) in the above six CQA derivatives.

Table 2. Thiol-Capturing Activities of CQA Derivatives

capturing activity (%)
substance? MeSH PrsH AlISH
5-CQA 4 9 2
5-CQA + apple APP 100 100 45
3,5-diCQA 0 14 0
3,5-diCQA + apple APP 72 83 19

@ Two micromoles of 5-CQA and 1 umol of 3,5-diCQA were used to measure
thiol-capturing activity. ® Two milligrams (PPO, 6.2 units) of apple acetone powder
(AP) was used.

Table 3. Content of Catechins in Green, Black, and Oolong Teas

contents (g/100 g of dry wt) total ¢ and p?
tea EGC EGCG EC ECG (mmol)
green 4.32 5.95 1.01 1.23 49.2
black 2.01 1.45 0.13 1.20 18.9
oolong 1.80 3.60 0.54 0.85 27.4

2 Total catechol and pyrogarol moiety (mmol/100 g of dry wt) in the above four
catechins.

Table 4. Thiol-Capturing Activities of Several Beverages

capturing activity (%)

beverage? MeSH PrSH AlISH
ku-ding-cha 1 3 21 7
ku-ding-cha 1 + apple AP 100 100 100
green tea 0 13 7
green tea + pear AP 27 26 23
black tea 0 4 0
black tea + pear AP 34 30 30
oolong tea 0 19 4
oolong tea + pear AP 31 30 44

@ Ku-ding-cha 1, green tea, black tea, and oolong tea contained 9.0, 19.7, 7.6
and 11.0 umol, respectively, of catechol and pyrogarol moiety, calculated from
Tables 1 and 3.

On the other hand, ku-ding-cha 1 indicated extremely strong
activities toward three kinds of thiols in the presence of apple
AP. This suggests that ku-ding-cha containing a large amount
of CQA derivatives exerts an effect on the removal of bad odors
with a very small amount of catalysts such as PPO and weak
alkaline materials such as sodium hydrogen carboriatk (n
addition, the AlISH-capturing activity of oolong tea with pear
AP was stronger than that of other beverages belonging to
Camellia sinensis, which contains large amounts of catechins
(31; Table 3). This is thought to link to a low ascorbic acid
content (32). Ascorbic acid appears to suppress the deodorizing
activity of PPs against MeSH8). The deodorizing activity of
green tea may have been weak, because green tea contains much
ascorbic acid.

Identification of Conjugates between 3,5-DICQA and
MeSH. Previously we isolated 2-methylthiochlorogenic acid,
which is a conjugate between 5-CQA and MeSH, and demon-
strated a mechanism for thiol capturEl]. As it was demon-
strated in the amount of caffeic acid moiety that 3,5-diCQA
has a similar level of thiol-capturing activity as 5-CQA, we tried
to identify the reaction products between 3,5-diCQA and MeSH.
We obtained two conjugates as a mixture, which were separated
at the retention times of 54.1 and 55.9 min and at a ratio of
about 1:1 by HPLC with the conditions described under
Materials and Methods. This fraction did not contain any 3,5-
diCQA. In ESI mass spectra of both peaks, {MH]" at m/z
563, [M + NaJ" atm/z585, and [(M+ H) — H,O]" atm/z545
were detected as compared to [MH]™ at m/z517, [M +
Na]" atm/z539, and [(M+ H) — H,O]* atm/z499 in the ESI
mass spectrum of 3,5-diCQA. The NMR spectra were compared
to those of 2-methylthiochlorogenic acidll) and 3,5-diCQA.

In the™H NMR spectrum, four sets of signals were derived from
caffeic acid moietiesTable 5). In the two caffeic acid moieties,
the 2-positions of aromatic rings were substituted by SMe
(Table 5, CA-3 and CA-4). In thé*C NMR spectrum, two
methyl signals ato 19.25 and 19.33 were also observed.
Furthermore, three signals of H-2 and H-6, H-4, and H-3 and

to capture thiols. The removal of MeSH by tea catechins without H-5 in quinic acid moieties were observeda2.17-2.34 (8H,
AP has been reported by other researchg@. (However, the
activities of green tea toward thiols were not strong in our confirm that the conjugates consist of two kinds of 3,5-diCQA
experiments, even in the presence of a large amount of AP (oradding one SMe at the 2-position of either aromatic ring. As it
PPO activity). Apple AP (10 mg) with 31 units of PPO activity
for 5-CQA and pear AP (20 mg) with 175 units of PPO activity substitution of caffeic acid to 3-OH of the quinic acid moiety
for EC were used for ku-ding-cha 1 and three teas, respectively.rather than to 5-OH27, 34), structures combining quinic acid

m), 3.97 (2H, dd), and 5.43 (4H, m), respectively. These data

is known that the H-osignal shifts to a lower field with the
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Table 5. *H NMR Signals of Caffeic Acid Moieties in a Mixture of 120
Conjugates between 3,5-DICQA and MeSH

chemical shift (6) [coupling constant (J, Hz)]

caffeic acid C=C aromatic ring 100
moiety  H-o' (@) H-p' (") H-2'(2") H5(5") HE(6") -S-Me
CA-1 6.36 7.62 7.07 6.78 6.97
(d,15.9) (d,159) (d,21) (d,82) (dd,15,8.1)
CA-2 6.27 7.58 7.06 6.78 6.97 80
(d,159) (d,159) (d,1.8) (d,82) (dd,1.8,8.1)
CA-3 6.45 8.47 6.84 7.25 2.292
(d,16.2)  (d,16.2) (d,85) (d,85) (s)
CA-4 6.37 8.44 6.84 7.24 2.287
(d,15.9)  (d, 15.9) (d,85) (d,85) (s)

60

40

Concentration of AMS gas (ppb)

20

0 1 2 3 4 5 6 7 8
Time after garlic ingestion (h)

Figure 3. Effects of ku-ding-cha 1, green tea, and apple on capture of
AMS in vivo: (O) control (water); (®) ku-ding-cha 1; (A) green tea; (O)

Ry Re apple (cv. Ourin).
Adduct1: H SCH;,
2: SCH; H respectively. These suggest that ku-ding-cha 1 is superior to
Figure 2. Structures of conjugates of 3,5-diCQA and MeSH. green tea in deodorization. Although the decreased amount of

AMS was small, these results indicate a good effect of ku-ding-

with CA-1 and CA-4 and with CA-2 and CA-3rble 5) are cha on deodorization. The beverage was fed to a subject only
assigned to adducts 1 and Ridure 2), respectively once after the ingestion of garlic in this investigation. If the
In Vivo Deodorization Ku-ding-chél is recognizéd to have beverage were consumed frequently, the effect on deodorization

a high thiol-capturing activity catalyzed by PPO in vitro. might be more remarkable. The early decrease in AMS by eating

. . . an apple is likely to be a result of decrease in AlISH by
Furthermore, we investigated the effect of ku-ding-cha on the ; o
removal of AMS, which is formed in the gut and causes the enzymatic deodorization (15), because AMS has been reported

X o to be formed by the methylation of AlISH22). However, this
persistence of malodorous breatl8) when garlic is consumed. . .
i effect does not continue because an apple does not contain as
Ku-ding-cha 1 Table 1), green teaTable 3), or apple (cv.

. - X much PPs as ku-ding-chd5). Although PPs have a weak ability
Ourin) was separately fed to a subject after the consumption of | capture sulfides and disulfided), PPs in ku-ding-cha

garlic. In th(;S expe(rjin;)ent, thi_of decreased quickly t% Ievelséhat probably capture large amounts of thiols produced from sulfides
were not detected by GC; however, AMS was detected at and disulfides in the intestine. As a result, formation of AMS

significant levels as was also reported by Rosen et1#). ( gas is suppressed. Bad odors of the mouth and body may be
Figure 3 shows the time course of AMS decrease. The presence jocreased by drinking ku-ding-cha, mate, or coffee, which

of AMS early after garlic ingestion is thought to form in the
oral cavity, the throat, and the esophagus and later to be release
from the lungs after being absorbed in the intestit®) (When

an apple was eaten by a subject as a deodorant material, th

amount of AMS decreased significantly 1 h after garlic ingestion suggest that the combination of eating an apple and drinking a

as compared to the control in which a subject drank water . nroqenic acid tea such as ku-ding-cha may be most effective
instead of the deodorant material. However, the amount of AMS ¢ 4o 5dorization after garlic ingestion.

increased 2—4 h after garlic ingestion and became about the
same or more as compared to the control experiment. This
indicates that PPO in apple is not important in vivo. In this
case, deodorization with apple is attributed to its polyphenol  AMS, allyl methyl sulfide; AP, acetone powder; CA, caffeic
content. In ku-ding-cha;-10 ppb of AMS was less than the acid; CQA, caffeoyl quinic acid; diCQA, dicaffeoyl quinic acid,;
control during 3—5 h after garlic ingestion, whereas in green EC, (—)-epicatechin; ECG, (—)-epicatechin gallate; EGC, (—)-
tea the amount of AMS was about the same as in the control epigallocatechin; EGCG, (—)-epigallocatechin gallate; ESI,
experiment. In this experiment, we as2 g of ku-ding-cha 1 electrospray ionization; PDA, photodiode array; POD, peroxi-
and 4 g ofgreen tea, which contain 0.45 mmol of caffeic acid dase; ODS, octadecyl silicone; PP, polyphenolic compound;
moiety and 1.97 mmol of catechol and pyrogarol moieties, PPO, polyphenol oxidase; TMS, tetramethylsilane.

ontain large amounts of PPs such as chlorogenic acid deriva-
aves, as well as teas, which contain large amounts of catechins

31) and less ascorbic aci®2). These may be classified as

atechin teas and chlorogenic acid teas. Furthermore, our results

ABBREVIATIONS USED



5518 J. Agric. Food Chem., Vol. 52, No. 17, 2004
LITERATURE CITED

(1) Lau, K. M.; He, Z. D.; Dong, H.; Fung, K. P.; But, P. P. H.
Anti-oxidative, anti-inflammatory and hepato-protective effects
of Ligustrum robustumJ. Ethnopharmacol2002,83, 63-71.

(2) Alikaridis, F. Natural constituents of llex speciek. Ethno-
pharmacol.1987,20, 121—144.

(3) Ouyang, M. A,; Liu, Y. Q.; Wang, H. Q.; Yang, C. R.
Triterpenoid saponins frortex latifolia. Phytochemistryi 998,
49, 2483—2486.

(4) Nishimura, K.; Fukuda, T.; Miyase, T.; Noguchi, H.; Chen, X.
M. Activity-guided isolation of triterpenoid acyl CoA cholesteryl
acyl transferase (ACAT) inhibitors frotex kudincha.J. Nat.
Prod. 1999,62, 1061—1064.

(5) Nishimura, K.; Miyase, T.; Noguchi, H. Triterpenoid saponins
from llex kudinchaJ. Nat. Prod.1999,62, 1128—1133.

(6) Clifford, M. N.; Wight, J. The measurement of feruloylquinic
acids and caffeoylquinic acids in coffee beans. Development of
the technique and its preliminary application to green coffee
beansJ. Sci. Food Agric1976,27, 73-84.

(7) Clifford, M. N. Chlorogenic acids and other cinnamatesture,
occurrence and dietary burdeh. Sci. Food Agric 1999, 79,
362—372.

(8) Filip, R.; Lotito, S. B.; Ferraro, G.; Fraga, C. G. Antioxidant
activity of llex paraguariensisand related speciedlutr. Res.
2000,20, 1437—1446.

(9) He, Z. D.; Ueda, S.; Akaji, M.; Fujita, T.; Inoue, K.; Yang, C.
R. Monoterpenoid and phenylethanoid glycosides ftagustrum
pedunculare Phytochemistryi 994,36, 709—716.

(10) Jiang su xin Medical School. Ku ding cha. Dictionary of
Chinese Materia Mediacén Chinese); Shanghai Scientific and
Technical Publishers: Shanghai, China, 1977; p 1288.

(11) Negishi, O.; Ozawa, T. Effect of polyphenol oxidase on
deodorizationBiosci., Biotechnol., Biochemi997,61, 2080—
2084.

(12) Negishi, O.; Negishi, Y. Enzymatic deodorization with raw fruits,
vegetables and mushroonfsood Sci. Technol. Red4.999, 5,
176—180.

(13) Negishi, O.; Ozawa, T. Inhibition of enzymatic browning and
protection of sulfhydryl enzyme by thiol compoundBhy-
tochemistry2000,54, 481—487.

(14) Negishi, O.; Negishi, Y.; Ozawa, T. Enzymatic deodorization
with variegatic acid fromBoletus subvelutipeand its mecha-
nism. Food Sci. Technol. Re&000,6, 186—191.

(15) Negishi, O.; Negishi, Y.; Aoyagi, Y.; Sugahara, T.; Ozawa, T.
Mercaptan-capturing properties of mushroohsAgric. Food
Chem.2001,49, 5509—-5514.

(16) Negishi, O.; Negishi, Y.; Ozawa, T. Effects of food materials
on removal ofAllium-specific volatile sulfur compoundsl.
Agric. Food Chem2002,50, 3856—3861.

(17) Block, E. The organosulfur chemistry of the gerAlfum—
Implications for the organic chemistry of sulfukngew. Chem.,
Int. Ed. Engl.1992,31, 1135—1178.

(18) Suarez, F.; Springfield, J.; Furne, J.; Levitt, M. Differentiation
of mouth versus gut as site of origin of odoriferous breath gases
after garlic ingestionAm. J. Physiol.1992, 276 (2, Part 1),
G425—-G430.

(19) Rosen, R. T.; Hiserodt, R. D.; Fukuda, E. K.; Ruiz, R. J.; Zhou,
Z.; Lech, J.; Rosen, S. L.; Hartman, T. G. Determination of
allicin, S-allylcysteine and volatile metabolites of garlic in breath,
plasma or simulated gastric fluid3. Nutr. 2001,131, 968S—
971S.

Negishi et al.

(20) Taucher, J.; Hansel, A.; Jordan, A.; Lindinger, W. Analysis of
compounds in human breath after ingestion of garlic using
proton-transfer-reaction mass spectromelnAgric. Food Chem
1996,44, 3778—3782.

(21) Tamaki, T.; Sonoki, S. Volatile sulfur compounds in human
expiration after eating raw or heat-treated garlicNutr. Sci.
Vitaminol. 1999,45, 213—222.

(22) Lawson, L. D. Garlic: a review of its medicinal effects and
indicated active compounds. IRhytomedicines of Europe:
Chemistry and Biological Actity; ACS Symposium Series 691;
Lawson, L. D., Bauer, R., Eds.; American Chemical Society:
Washington, DC, 1998; pp 176—209.

(23) Sheen, L. Y.; Wu, C. C.; Lii, C.-K.; Tsai, S.-J. Metabolites of
diallyl disulfide and diallyl sulfide in primary rat hepatocytes.
Food Chem. Toxicol1999,37, 1139—1146.

(24) Corse, J.; Lundin, R. E.; Waiss, A. C., Jr. Identification of several
compounds of isochlorogenic aci@hytochemistryl965, 4,
527—529.

(25) Noguchi, S.; Sasaki, H.; Tachiyashiki, S.; Sugahara, T. Isolation
and identification of antimutagen from MOMIJIGASE#écalia
delphiniifolia). Nippon Shokuseikatsu Gakkaigtim Japanese
with English abstractp001,12, 248—254.

(26) Chuda, Y.; Ono, H.; Ohnishi-Kkameyama, M.; Nagata, T.;
Tsushida, T. Structural identification of two antioxidant quinic
acid derivatives from garlandChrysanthemum coronariuin).

J. Agric. Food Chem1996,44, 2037—2039.

(27) IUPAC and IUPAC-IUB Commissions. Nomenclature of cy-
clitols. Recommendations, 197Biochem. J.1976, 153, 23~
31.

(28) Okamoto, A.; Imagawa, H.; Arai, Y.; Ozawa, T. Partial purifica-
tion and some properties of polyphenoloxidases from sago palm.
Agric. Biol. Chem.1988,52, 2215—2222.

(29) Clifford, M. N. Coffee bean dicaffeoylquinic acid8hytochem-
istry 1986,25, 1767—1769.

(30) Yasuda, H.; Arakawa, T. Deodorizing mechanism ef)-(
epigallocatechin gallate against methyl mercapt8iosci.,
Biotechnol., Biocheni 995,59, 1232—1236.

(31) Maeda-Yamamoto, M.; Sano, M.; Matsuda, N.; Miyase, T.;
Kawamoto, K.; Suzuki, N.; Yoshimura, M. The change of
epigallocatechin-3-O-(3-O-methyl) gallate content in tea of
different varieties, tea seasons of crop and processing method.
Nippon Shokuhin Kagaku Kogaku Kaisfin Japanese with
English abstractp001,48, 64-68.

(32) Takayanagi, H.; Anan, T.; Ikegaya, K.; Nakagawa, M. Chemical
composition of oolong tea and pouchung téaa Res. J(in
Japanese with English abstrat§84,60, 54-58.

(33) Yasuda, H.; Onogi, A. Effects of ascorbic acid on the deodorizing
activity of polyphenols against methanethiBiosci., Biotechnol.,
Biochem.1996,60, 1703—1704.

(34) Iwahashi, H.; Morishita, H.; Osaka, N.; Kido, R G+eruloyl-
4-O-caffeoylquinic acid from coffee bearBhytochemistryL 985,

24, 630—632.

(35) Murata, M.; Noda, |.; Homma, S. Enzymatic browning of apples
on the market: Relationship between browning, polyphenol
content, and polyphenol oxidas&lippon Shokuhin Kagaku
Kogaku Kaishil995,42, 820—826.

Received for review February 24, 2004. Revised manuscript received
June 8, 2004. Accepted June 13, 2004.

JF049693J



