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Isolation of chlorogenic acid derivatives
from green coffee beans as unused resources
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Department of Agricultural Chemistry,
Faculty of Agriculture, Kinki University

Synopsis

Statistics released by the United States Department of State in December 2003 show that the world
production and consumption of coffee beans are 6.4 X 10° tons and 3.7 X 10° tons, respectively. Forty-
two percent of the harvested coffee beans include irregular or immature beans, and are not effectively
utilized, because they are regarded as off-grade, and not shipped to the market. However, these
immature beans contain considerable amounts of chlorogenic acid derivatives. The content of total
chlorogenic acid derivatives in immature beans (6g/100g) was the same as that of mature beans, but
the ratio of CQA/diCQA increased with maturity of coffee cherry. One hundred grams of raw coffee
beans of the Robusta breed (Indonesia WIB) were extracted with seventy percent methanol, and seven
kinds of chlorogenic acids were isolated by the formation of chlorogenic acid-K-caffeine complexes, gel-
filtration using Sephadex LH-20, and preparative HPLC. Seven kinds of isolated chlorogenic acids
were identified as 3-, 4-, 5-caffeoylquinic acids, 3-feruloylquinic acid, 3,4-, 3,5-, and 4,5-dicaffeoylquinic
acids by FAB-MS, MS/MS analysis and 'H-NMR spectra. When the contents of chlorogenic acids were
evaluated according to the breed and the area of production, they were highest at 10.5g/100g in the
Robusta breed produced in Indonesia. These results indicate that the immature coffee beans, are not

shipped to the market, can be expected as resources of chlorogenic acids derivatives.
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Fig. 1. Coffee cherry samples of Coffea arabica
collected at the different harvest time.
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Fig. 2. Color tones of seven kinds of coffee cherry
samples.
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Table 1. Analytical samples of coffee bean.

Coffea arabica

Coffea canephola var. robusta

BRAZIL SANTOS No.2 #18
BRAZIL SANTOS No.4/5 #14/16
COLOMBIA EXCELSO
COLOMBIA MARAGO
COLOMBIA SUPREMO

CUBA CRYSTAL MOUNTAIN
DOMINICA

EL SALVADOR

ETHIOPIA MOCHA DJIMMAH
ETHIOPIA MOCHA SIDAMO
GUATEMALA E..P.W
GUATEMALA SHB

HAWAII KONA EXTRA FANCY
HAWAII KONA No.l1

INDIA

JAMAICA BLUE MOUNTAIN No.l1
JAMAICA PEABERRY
JAMAICA PRIMEWASHED
KENYA AA

MEXICO E..P.W

NICARAGUA

PERU CHANCHAMAYO
TANZANIA KIBO

INDONESIA WIB
INDONESIA AP-1
INDONESIA EK-1
INDONESIA MANDHELING
INDONESIA TORAJA
IVORY COAST

UGANDA

VIETNAM

Table 2. Preparative conditions of HPLC for analysis of chlorogenic acids.

column
column temp 40°C
mobile phase
gradient

detection UV 326 nm

Inertosil ODS-3 250 X 19 mm i.d. (GL Sciences Inc.)

solvents A (20% CH,0H in 0.2% acetic acid) and B (methanol)
0.0 min, A=100%, 60.0 min, A: B=1:1, 70.0 min, B=100 %, 80.0 min, A=100 %

% All samples were eluted at 15 ml/min.
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Fig. 3. Chlorogenic acid derivatives containing in the raw coffee beans with different maturity. I was
the most immature bean and VI was the most mature bean. Detailed descriptions of Beans I to VI were

written in Figs. | and 2.
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Fig. 4. Relationships between the maturity of coffee cherry and CQA/diCQA value.
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Fig. 5. Sensory evaluation of coffee drinks prepared from coffee beans with different
maturity (L to V). EF, acidity; [2], bitterness; i, astringency; &=, body;

[-], after taste; W, glassy

Fig. 5. Sensory evaluation of coffee drinks prepared from coffee beans with different maturity (I to VII).
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Fig. 6. Chromatogram of the 70% MeOH extract from green coffee beans by Sephadex LH-20 column
chromatography. The fractions containing hydroxycinnamic acid derivatives were eluted with a linear
gradient of methanol (0 70%) in 0.2% (v/v) acetic acid aqueous solution at 60ml/hr.
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Table 3. Identification of hydroxycinnamic acid derivatives isolated from green coffee beans using
their spectral characteristics in HPLC, positive and negative ions in FAB-MS and MS-MS.

HPLC positive ions negative ions

compd retention estimated identification
time(min) MS[M+1]" MS-MS(m/z) MS[M-1]~ MS-MS (m/2) MW
1 14.5 355 163 353 191 354 3-CQA
2 17.7 355 163 353 191 354 4-CQA
3 23.6 355 177 367 191 354 5-FQA
4 14.8 369 163 363 191 368 5-CQA
5 38.6 517 163,355 515 135,173,173,179,191,353 516 3,5-diCQA
6 35.8 517 163,355 135,173,173,179,191,353 516 3,4-diCQA
7 44,0 517 163,355 135,173,173,179,191,353 516 4,5-diCQA
Table 4. '"H-NMR spectral data of compounds 1-7,QA,CA,and FA.
compound
carbon 1 2 3 4 Quinic acid(QA) Cafeic acid(CA) Ferulic acid(FA)
2 2.18 2.19 2.22 2.18 2.18
3 5.66 4.32 4.21 4.30 4.01
4 3.94 5.04 3.82 3.94 3.68
5 4.32 4.35 5.42 4.32 4.18
6 998201 229202 229202 229,202 2.21,1.94
2 6.99 7.00 7.21 7.00 7.02 7.19
5 6.73 6.75 6.81 6.75 6.76 6.79
6 6.88 6.91 7.08 6.91 6.93 7.05
7 6.19 6.21 6.32 6.21 6.18 6.36
8 7.50 7.52 7.58 7.52 7.51 7.55
1-OH 4.82 4.83 4.88 4.81 4.80

4-OH 4.070r4.66 4.070r4.65 4.080r4.66 4.12or 4.65 4.01 or 4.61
5-OH  4.070r 4.66 4.07or 4.65 4.080r4.66 4.12 or 4.65 4.01 or 4.61

7-OH 12.10 12.06 12.09 12.04 12.01
3-OH 9.49 9.46 9.42 9.40
4-OH 9.11 9.10 9.11 9.06 9.02 9.02
OCH, 1.07 112
compound
carbon 5 6 7
2 2.18 2.20 2.18
3 5.49 5.68 4.33
4 3.95 5.12 5.06
5 5.43 4.35 5.64
6 2.30,2.12 2.29,2.03 2.35,2.14
2,2 7.11,7.09 7.03,7.00 7.06,7.03
5,5 6.80,6.78 6.74,6.73 6.76,6.73
6,6 7.00,6.98 6.91,6.88 6.91,6.88
7,7 6.38,6.28 6.29,6.21 6.24,6.21
8,8 7.63,7.61 7.62,7.53 7.59,7.56
1-OH 5.07 5.04 5.02
4-OH 4.41 or 4.95 4.38 or 4.92 4.36 or 4.89
5-OH 4.41 or 4.96 4.38 or 4.92 4.66 or 4.89
7-OH 12.39 12.39 12.36
3,5-OH 9.79,9.76 9.81,9.77 9.78,9.76
4,4-OH 9.48,9.42 9.45,9.42 9.44,9.41
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Table 5. Yield of hydroxycinnamic acid derivatives in WIB and EK-1 Grade 4 (Grams per 100g of Dry

Weight Basis)

compounds WIB EK-lgraded
3-CQA 0.69 = 0.03 0.85+0.04
4-CQA 1.53+0.13 1.46 +0.06
5 CQA 5.55 +0.31 4.38+0.19
5-FQA 1.40 £ 0.08 1.12+0.03

3,4-diCQA 0.31=0.01 0.33 +0.04

3,5-diCQA 0.52£0.03 0.50 £0.04

4,5-diCQA 0.34 £0.07 0.44£0.12
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WaHrOny VEREY LIZIF-HL TV, &<
KA Y RV T EDT AZEICILACQAENE L
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I—b =D DT RFEE - FICHRTEDT
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Brorvr—va rEEIh, ADFTRENN

COLOMBIA MARAGO
BRAZIL SANTOS No.4/5 114/16
BRAZIL SANTOS No.2 #18
KENYA AA

COLOMBIA EXGCELSO
COLOMBIA SUPREMO
INDIA

ETHIOPIA MOCHA SIDAMO
JAMAICA PEABERRY
GUATEMALA E.P.W
TANZANIA KIBO

EL SALVADOR

PERU CHANCHAMAYO
JAMAICA BLUE MOUNTAIN No.1
CUBA CRYSTAL MOUNTAIN
GUATEMALA SHB

MEXICO E.PW

ETHIOPIA MOCHA DJIMMAH
NICARAGUA

HAWAII KONA No.1

HAWAII KONA EXTRA FANCY
JAMAICA PRIMEWASHED
INDONESIA MANDHELING
DOMINICA

INDONESIA TORAJA
UGANDA

INDONESIA EK-1

VIETNAM

IVORY COAST

INDONESIA AP-1
INDONESIA WIB

3
Chrologenic acid (%,dry basis)
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Fig. 7. Contents of chlorogenic acid derivatives in commercial green coffee beans.
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