
Biosynthesis of Chlorogenic Acids in Growing and Ripening Fruits
of Coffea arabica and Coffea canephora Plants
Yukiko Koshiroa, Mel C. Jacksonb, Riko Katahiraa,c, Ming-Li Wangb,
Chifumi Nagaib, and Hiroshi Ashiharaa,*

a Graduate School of Humanities and Sciences, Ochanomizu University, Bunkyo-ku, Tokyo,
112-8610, Japan. Fax: +81-3-5978-5358. E-mail: ashihara.hiroshi@ocha.ac.jp

b Hawaii Agriculture Research Center, Aiea, Hawaii 96701-3911, USA
c Faculty of Home Economics, Tokyo Kasei Gakuin University, Tokyo, 194-0292, Japan

* Author for correspondence and reprint requests

Z. Naturforsch. 62c, 731Ð742 (2007); received April 2, 2007
Chlorogenic acids are major secondary metabolites found in coffee seeds. The accumula-

tion of chlorogenic acids and free quinic acids was studied in Coffea arabica cv. Tall Mokka
and Coffea canephora seeds. Growth stages are specified from I to V, corresponding to rapid
expansion and pericarp growth (I), endosperm formation (II), mature (green) (III), ripening
(pink) (IV), and fully ripened (red) (V) stages. We detected monocaffeoylquinic acids
(3CQA, 4CQA and 5CQA), dicaffeoylquinic acids (3,4diCQA, 3,5diCQA and 4,5diCQA)
and a monoferuloylquinic acid (5FQA) in whole fruits (stage I), pericarps and seeds. The
most abundant chlorogenic acid was 5CQA, which comprised 50Ð60% of the total of C.
arabica and 45Ð50% of C. canephora seeds. The content of dicaffeoylquinic acid, mainly 3,5-
diCQA, was high in C. canephora. A high content of 5FQA was found in seeds of stages III
to V, especially in C. canephora. Total chlorogenic acids were accumulated up to 14 mg per
fruit in C. arabica and 17 mg in C. canephora, respectively. In contrast, free quinic acid varied
from 0.4Ð2.0 mg (C. arabica) and 0.2Ð4.0 mg (C. canephora) per fruit during growth. High
biosynthetic activity of 5CQA, which was estimated via the incorporation of [U-14C]phenyl-
alanine into chlorogenic acids, was found in young fruits (perisperm and pericarp) in stage
I, and in developing seeds (endosperm) in stages II and III. The biosynthetic activity of
chlorogenic acids was clearly reduced in ripening and ripe seeds, especially in C. canephora.
Transcripts of PAL1, C3�H and CCoAMT, three genes related to the chlorogenic acid biosyn-
thesis, were detected in every stage of growth, although the amounts were significantly less
in stage V. Of these genes, CCoAMT, a gene for FQA biosynthesis, was expressed more
weakly in stage I. The transcript level of CCoAMT was higher in seeds than in pericarp, but
the reverse was found in PAL1. The pattern of expression of genes for the CQA and FQA
synthesis is roughly related to the estimated biosynthetic activity, and to the accumulation
pattern of chlorogenic acids.
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