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We previously reported that certain constituents in brewed coffee exhibited antibacterial activities against a strain of
Legionella pneumophila. The constituents showing antibacterial activities were included only in extracts cold with water
or hot water. To determine the antibacterial substances in coffee extract, the extract was fractionated by HPLC using a
UV /photodiode array detector. The optimum HPLC conditions for analysis were UV wavelength of 250 nm and eluents
of methanol/acetic acid (10/90), pH 3.0. When several fractions separated by HPLC were investigated for antibacterial
activities against L. pneumophila, it was found that three peak fractions exhibited strong antibacterial activities. Each
product from these fractions was analyzed by NMR and LC-mass spectrometry, and the chemical structure of each was
determined. It was shown that the antibacterial substances was were protocatechuic acid (3,4-dihydroxy benzoic acid),

chlorogenic acid, and caffeic acid.
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Fig. 1. Principal HPLC Chromatograms Obtained Using Several Eluents
Eluents: (A) CH3;CN/H,0=0/100 (0 min) —10/90 (10 min) —100/0 (30 min), (B) CH;0H/10 mm NaH,PO, (pH 4.8) =10/90, (C) CH;0H/0.07 m CH;

COOH (pH 3.0) =10/90.

0 20.00 40.00 60.00 80.00
Retention time (min)

Fig. 2. HPLC Chromatogram of Coffee Extract with Boiling Water
HPLC conditions: Column: Mightysil RP-18 (4.6 mm i.d. X 150 mm), Mobile phase: methanol/0.07 m acetic acid (pH 3.0) =10/90, Flow rate: 1.0 ml/min,

column temp.: 30°C, Detector: UV /photodiode array (at 250 nm), Injection volume: 10 ul.
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Table 1. Antibacterial Activities against L. pneumophila of
7 Fractions Separated from Coffee Beverage by HPLC

Fraction No. Antibacterial activities ~ Range (mm)

peak a - 0
peak b - 0
peak ¢ + 18.0
peak d - 0
peak e H 19.0
peak f - 0
peak g - 0

Estimation of activities. 0mm : (=), 1~9mm : (+), 10~19 mm :
(), 20 mm~ : ().

oy

UV QPN =22 e L. —J, a—kb—H
IC—xA9IZ & H S5 chlorogenic acid D ZHE %
Hw, 20 UV RN — > 2@ L THE—2
Zlm LU=k (Fig. 4), E—2720NF -2 &
FFE BT HENbhok. iz, B2 20
LC-MS ZJ#lEL, YAARY ML % Fig. 51TRL
fo. XAANRYZ BV5 m/z3531C (M-1) S
FFAFENREDEN, E—T2DRAARY b
IWE 5 T-&D 354 @ chlorogenic acid D XA X7 k)L
EXL—FKL& 7, =2 20O'H-NMR KU
BC-NMR A X7 k7 —4% Z 2N <4 Table 3 K&
U\ Table 4 1278 L 7=, Z# 513 chlorogenic acid ®

Table 2. Antibacterial Activities against L. pneumophila of
Fraction of Peak 1, and Peak 2~4 Separated from Fraction
of Peak e

Fraction No. Antibacterial activities Range (mm)

peak ¢ [=peak 1] +H 18.0

peak e + 19.0
[peak 2] +H 16.0
[peak 3] H 19.0
[peak 4] - 0

Estimation of activities. 0mm : (—), 1~9mm : (+), 10~19mm :
(), 20 mm~ : ().

50.00

100.00 150.00

Retention time (min)

Fig. 3. HPLC Chromatogram of Coffee Extract with Boiling Water

HPLC conditions; Column: Mightysil RP-18 GP (6.0 mm i.d.X250 mm), Mobile phase: methanol/0.07 m acetic acid (pH 3.0) =10/90, Flow rate: 1.0 ml/
min, column temp.: 30°C, Detector: UV/photodiode array (at 250 nm), Injection volume: 20 ul.
The fraction of peak 1 corresponded to the peak c in Fig. 2. The fractions of peak 2, 3 and 4 were separated from the peak e in Fig. 2.
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Fig. 4. UV Spectra of Peak 2 and Chlorogenic Acid
(A): peak 2, (B): chlorogenic acid. Fig. 5. LC-MS Spectrum of Peak 2
Table 3. 'H-NMR (500 MHz) Spectral Data for Compounds in Coffee Extract
Peak 1 Peak 2 Peak 3 Peak 4
H. No.
Jd ppm Jin Hz J ppm Jin Hz Jd ppm Jin Hz J ppm Jin Hz
2 7.42 d, 2.0 7.01 d, 2.0
2a 2.13 dd, 7.6, 13.1
2b 2.18 dd, 4.0, 13.1
3 5.27 ddd, 7.6, 4.0, 7.6
4 3.74 dd, 7.6, 3.3
5 6.80 d, 8.3 4.14 ddd, 3.3, 7.0, 3.7 6.74 d, 8.3
6 7.41 dd, 2.0, 8.3 6.95 dd, 2.0, 8.3
6a 2.00 dd, 7.0, 13.8
6b 2.20 dd, 3.7, 13.8
7 7.40 d, 15.9
8 6.15 d, 15.9 8.41 s
10 3.34 S
11 3.54 s
12 4.05 S
2 7.05 d, 1.8
5 6.79 d, 8.6
6 6.94 dd, 1.8, 8.6
7 7.52 d, 15.9
8 6.22 d, 15.9

TH-NMR Spectra were recorded in 0.2% DCI-CD;0D (1, 2 and 4), DMSO-d4 (3), using the CD;0D or DMSO-d, signals as internal reference (3.30 ppm, 2.49

ppm).
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Table 4. BC-NMR (125 MHz) Spectral Data for Compounds in Coffee Extract and Observed HMBC Correlations
Peak 1 Peak 2 Peak 3 Peak 4
C. No.
Jd ppm Jd ppm HMBC (H to C) Jd ppm HMBC (H to C) J ppm HMBC (H to C)

1 123.1 75.8 H-2, H-3, H-6 125.7 H-5, H-8

2 117.7 37.8 H-6 114.7 H-6, H-7 152.6 H-10, H-11

3 146.0 72.1 H-2, H-4 145.6 H-2, H-5

4 151.5 72.5 H-3, H-6 148.2 H-2, H-5, H-6 146.4 H-8, H-11

5 115.8 70.3 H-6 115.8 108.7 H-8, H-12

6 123.9 38.0 H-2 121.2 H-2, H-7 156.1 H-10

7 170.2 175.5 H-6 144.6 H-2, H-6

8 115.1 141.6 H-12

9 168.0 H-7, H-8
10 28.5
11 30.8
12 35.0 H-8

1 127.6 H-5", H-8

2 115.1 H-6", H-7

3 146.8 H-2", H-5

4 149.6 H-2’, H-5", H-6

5 116.6 H-6"

6 123.0 H-2", H-7

7 147.2 H-6

8 115.0

9 168.3 H-7", H-8

BC-NMR Spectra were recorded in 0.2% DCI-CD;0D (1, 2 and 4), DMSO-d4(3), using the CD;0D or DMSO-dj signals as internal reference (49.0 ppm, 39.5

ppm).
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F— & O SCHE 7 5 caffeine (MW =194.19) &
[FE SN/,

U kXD, L. pneumophila \Z%t L THE M %2R~
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FE BRI D 1 DIZ, BHEKOREIERREDEE
FAME L TERMWRERS o TEs 252 5.

d—bt —H D L. pneumophila \Z3%t 5 % i &
Y& %= HPLC T/r L, 73R %Z LC-MS 7347
i N2 'TH-NMR, BC-NMR Z X7 MVHEIEIZ X 5
THEE MR 217 > 7= #5 R, LN TE MY E 1 pro-
tocatechuic acid (£°—# 1), chlorogenic acid (&—
772) KU\ caffeic acid (E—7%7 3) ThHD, REHIL
d—b—HIZZEENE7 /- ILEWTH
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