Food Chemistry 29 (1988) 291-298

The Chlorogenic Acids Content of Green Robusta Coffee
Beans as a Possible Index of Geographic Origin

M. N. Clifford & T. Jarvis

Department of Biochemistry, University of Surrey,
Guildford GU2 5XH, Surrey, UK

(Received 26 October 1987; accepted 24 November 1987)

ABSTRACT

This paper reports a preliminary survey of variations in the content of
chlorogenic acids and 17 quantitatively-minor chlorogenic acid-like
substances in commercial green robusta coffee beans. It was found that ten of
the chlorogenic acid-like components have a restricted occurrence in the 42
samples analysed; the distinctive nature of Angolan robustas was confirmed.

INTRODUCTION

Accumulated experience in this laboratory indicated that the composition of
the chlorogenic acid-rich (CGA-rich) fraction of commercial green robusta
coffee beans can be quite variable. For example, the contents of the major
CGA subgroups (caffeoylquinic acids (CQA), feruloylquinic acids (FQA)
and dicaffeoylquinic acids (diCQA)) are significantly affected by seed
maturity (Clifford & Kazi, 1987). In contrast the contents of the
quantitatively minor, generally unidentified, CGA-like components, seem to
be influenced more by the geographic origin of the beans (Clifford, M. N.,
unpublished results). Whether such variations in composition are due to
genetic peculiarities of the bean being cultivated, or to differences in
agricultural practice and green bean processing, in different producing
countries, is not clear.

Published information is sparse, but attention has previously been drawn
to the distinctive nature of the CGA-rich fraction of Angolan robustas
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(Pictet & Brandenberger, 1960; Rees & Theaker, 1977). This peculiarity of
Angolan robustas has recently been confirmed (Clifford, 1986) although the
significance of the two additional CGA-like components that were detected
was not discussed in the context of an indicator of geographic origin.

Some 99% of World coffee is produced on an internationally agreed
quota system,t and marketed as having a specified origin (Marshall, 1985),
and robusta coffee beans from 34 origins account for some 25% of this.
Concern has been expressed regarding the possibility of fraud perpetrated
by smuggling non-quota coffee into a quota area and its subsequent disposal
under a falsely described origin (Marshall, 1985, p. 257). In cases of
uncertainty or dispute an objective indicator of geographic origin, such as
variations in the composition of the CGA-rich fraction, would be of value.
To gain a preliminary appreciation of the extent to which the composition of
the CGA-rich fraction varies, both within and between origins, a further
seven samples of Angolan robusta have been analysed. The data so obtained
have been compared with the corresponding data simultaneously obtained
by the analysis of at least one sample of robusta from each other commercial
origin except Vietnam.

MATERIALS

Samples of commercial green robusta coffee beans were kindly supplied,
between October 1986 and February 1987, by Brooke Bond Oxo, Douwe
Egberts, General Foods UK, Hag GF, Jacobs Suchard, Lyons Tetley
and the International Coffee Organisation. Such details as were provided
regarding bean quality, size, date of harvest, etc., are recorded in Table 1.
In the case of the Angolan robustas, although seven samples were obtained,
it eventually proved possible to cover with certainty only two of the major
producing areas within the country. All other reagents and standard com-
pounds were obtained from normal commercial sources, or were gifts
obtained as previously acknowledged (Clifford et al., 1985).

METHODS
Samples (25 g) were ground to pass 0-5S mm. The mass loss on drying, and the
chlorogenic acid composition using reversed phase HPLC were determined
essentially as previously described (Clifford et al., 1985; Clifford, 1986). On

this occasion a 15cm x 4mm analytical column packed (Hichrom) with

1 At the time of writing (October 1987) the International Agreement has been suspended.
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Spherisorb ODS1 3 u stationary phase was used in conjunction with a
5cm x 4mm guard column packed with the corresponding 5 u stationary
phase. A linear gradient from 0-5% formic acid in 6% aqueous acetonitrile
to 0-5% formic acid in 34% aqueous acetonitrile over 37 min at a flow rate of
1 mlmin~! was used to separate the CGA. Sample size was 20 ul introduced
via a loop injector, with detector sensitivity as required but normally 0-2
AUFS. .

RESULTS AND DISCUSSION

It should be noted that this publication uses the IUPAC (1976) numbering
system for chlorogenic acids with the system of abbreviation proposed by
Clifford (1985a,b).

Up to 16 minor CGA-like components were readily separated from the
major CGA. The present chromatograms differed from the original
(Clifford, 1986) in that it was not possible to completely resolve component 9
(designated component 6 in the original study) from 3,4-diCQA, but the
presence of component 9 was detectable by measuring the absorbance ratio
A;3:A4,46 This ratio is 2-0 + 0-1 to 1 for pure CQA and diCQA, but fell to
between 124 and 1-50 in samples previously shown to contain this
component, and in the seven Angolan samples analysed in the present study.
Although previous analyses have suggested contents in the region of 0-2 to
0-4%, during the present study it was not possible to quantify component 9
per se since the spectral characteristics of the pure compound are not known.
Component 9 has perforce been interpreted as 3,4-diCQA and recorded
along with the total diCQA content, but its presence has been recorded in
Table 1 also by the use of the symbol (*).

The quantitative data (dmb) are presented in Table 1. Previous experience
indicates that the between-replicate coefficients of variation are 2:76% for
total CQA, 13-34% for 5-FQA and 5-55% for total diCQA (Clifford et al.,
1985). When the minor CGA-like components were visually detectable on
the chromatograms, but were present at levels below the limit of integration
(equivalent to 0-04% of 5-CQA) their presence has been recorded in Table 1
by the symbol (+). The between-replicates coefficients of variation for the
contents of these CGA-like components have not been determined, but are
likely to be relatively large.

The identities of these CGA-like components are not known, but there is
good reason to believe that they will include 5-CoQA; 4-FQA; 4-C,5-FQA;
4-F,5-CQA; and caffeoyltryptophan (Clifford, 1985a; Iwahashi ez al., 1985;
Morishita et al., 1986; 1987). Pictet & Brandenberger (1960) considered
p-coumaric acid to be present in Angolan robustas, but this was not



b8 LOO + 9z0 + 610 + o+ + I b0 LO9 ¢ dpeln dnqnday eV [BNUa)
%6 900 + f0 + $10 + o+ + + €41 880 879 [ apeif) unoswe)
LEG LOO +  ¥20 L00 + 910 + + o+ o+ €1 611 159 Ipunung
L68 + O I£0 ¥00 + €10 10+ + o+ €60 SLO 999 eI wuag
L Y00 +  + S0 $00 €0+ 4+ o0 + o+ + o+ FIL 190 984 ejoduy
61-L + + + S0 pp0 t 2+ TO + + SO + + + + + 00 #4980 L90 SO 9861 Qe eoduy
ov-L + + + 810 + + + €0 + + o + 0+ +  + P00 «880 190 TS ejosuy
96-L + + + 070 S00 + + S0 + + 80 + + + o+ SOT VL0 06 opesn) apepiend ez (zuquy) ejosuy
STL 900 + + 0 + o+ + 10+ +  9z0 + + + o+ 4+ «90-1 850 86t opein) apepiend) e| (wioquy) eloduy
9L-L 900 + + 130 v00 + + L0 + + €0 + o+ + o+ +560  TL0  OES Opeir) apepi[eny) ey (woquy) ejofuy
90-L + + + 60 + + + S0 + + g0 + 0+ + o+ +560  L90 8LV Jjua1Io) apeplEnd e (ZUQUY) e[ofuy
ey
146 $00 + 120 LOO + 910 o+ + o+ o+ €1 801 ¥59 lopenby
856 + 910 800 z10 + o+ + vzl P01 969 Izeig
688 + + 1€0 Y00 +  +  S10 +  p0 o+ +  + 100 160 80 089 (uo[juo)) [zeig
&u_uoE< ~—~=Om
L9-8 + o+ L0+ + L10 + o+ + + 100 L €60 179 9861 OV pepluLL
$9-8 + 810 + 810 + 0zl 111 86 OdIXOW
LES 010 + 620 900 ¥1:0 + + 171 160 99§ BRWSIEND
NGT_DE< _n._:._uo —ucs. .._:OZ

VoD V7 SR 7 Y AR 7 B ¥ BN J BN § /] B 8 L 9 < 14 £ 4 I voow vod vOO

WL (9¢ 79 kT LET IEC 8T €TC 9IT 161 TLA LS 81 STI £80 SL0 0L0 980 wiof mwiof

YOO~ 01 2a11D]24 3] uoNud}a4 pup (QuIp % ) 14a1u0J ‘C11iuaps wauoduio)

A1muapr puv wpBrio apdwnsg

uonoelj yoryg-puy smagoroy) 2y jo uonisoduo))

1 TdVL



-6 WauodUIo)) JO JUSIUOD SOPNIOUL OS|E SNBA

14-01 + + 670 900 12:0 800 + 611 60 9L eauinD maN ended
rIUBIOO

66-L 90-0 + 610 Y00 + €10 + + o+ + +  + 500 60 880 TLS | SWOYsEp puefey]
€18 + + €10 SO0 610 010+ $00 T L0 TS Ovd eyue] us
9¢-8 800 + 1zo + + L10 + + 4+ 00 0l 60 06§ T souddijiyg
£6:L + + $70 + L10 + o+ + LOT 080 €£9§ eishefep
96:01 600 +  $€0 S00 (480 + Wl 901 LSL eisoUOpU]
¥58 800 + €20 SO0 00 910 + 4+ + + 8¢ 690 I8¢ 9861 AV Axay) erpu|
BISY

708 $00 + 010 00 + €10 + o+ + €80 990 119 9861 WO.LH 2117
958 o + + 920 SO0 + 610 Lo+ $0-0 101 $90 609 epuedpy
£96 10 + 080 V00 910 o+ + ST1 SO 099 epued)
018 + + +  0£0 +00 81-0 010+ + L0 £80 9§ Ovd epues()
£€6 + +  $T0 00 SI0 + + 8¢ 101 0S9 odo1
¥6-8 o +  pE0 P00+ SI0 810 + + SOl 8L0 879 eluezUe ]
888 10 + €20 900 910 + o+ o+ + + 4+ £l V80  SE9 OVd 2u0aT eudlg
w8 10 + 160 Y00 + $1-0 i+ €11 680 V6§ epuemy
YL L + + 620 900 ¥1-0 €10+ + $0-1  SLO  £8€ ruadIN
€08 00 + + TZo SO0 +  s10 + s00 + + o+ + 4+ €01 960 TSS reoseSepey
658 80-0 + 120 +00 61-0 + o+ + 801 1.0 8€9 OV euaqry
el o+ 4+ 910 LI + 810 + 861 880 €£8 15800 A10A|
¥Z01 + + + 0 0+ + 710 + €61 11 SSL 15800 AI10A]
£9-8 + + t+ 610 900 + 910 + 600 + + +  +  L00 S01 060 119 $8/¢8 eoumo) [euojenby
6LL 60-0 + o ot 810 + 0+ + SO TLO 8PS eauIny
€18 s00 + +  $T0 $00 $0-0 €10 +  s00 + + 100 001 8,0 €LS 9861 OV eueqD
88-L S0-0 + szo0 o+ 610 + o+ + I'E 0.0 85§ uogen
£0-8 + + sz0 + 610 + o+ + Y01 990 68¢€ ofuo)



296 M. N. Clifford, T. Jarvis

confirmed in the present study. This apparent discrepancy can probably be
explained by the greater resolution achievable with modern HPLC
compared to paper chromatography. Comparison with authentic standards
has also excluded 1,3-diCQA (Clifford, 1986), caffeic acid, ferulic acid, 3-
CoQA, 4-CoQA, aesculin, scopolin and scopoletin.

Table 2 presents a statistical comparison of the current data with a
compilation (Clifford, 1985a) of previously published data which were
originally obtained by three separate groups of workers who used similar,
but not identical, methods of analysis, on commercial robustas from seven
(non-Angolan) origins. The present data differ from the compilation in terms
of a significantly lower ( p < 0-001) diCQA content, for which no explanation
can be offered at present.

The seven Angolan samples differ slightly among themselves in the
pattern of CGA-like components. All seven contain components 1, 2, 5 to 10,
and 13 to 17, but components 3, 4, 11 and 12 occur irregularly. The contents
of the major CGA subgroups are very similar. If the mean values for the
Angolan samples are compared (Table 2) with the corresponding mean
values for the 35 samples from other origins, then the Angolan samples are

TABLE 2
Statistical Comparison of Current and Previously Published Data
Component Previous studies Present investigation
(N=7)
(% dmb) Non-Angolan samples  Angolan samples
(N=35) (N=7)
Total CQA 670 £ 061 627 + 067 502+ 019
t=115 NS t =434
5-FQA 0-84 +0-17 0-87 £ 015 0-67 + 0-06
=032 NS t=2:99*%*
Total diCQA 1-82 + 033 1117+ 024 098 + 0-10°
t=3-85%** t=176*
10 0-16 + 0-024 0-14 £ 0-010
t=1-80*
14 0-24 + 0-057 0-15 40023
£ =3.54%%*
Total CGA 9-04 + 0-58 8-83 + 093 7:39 + 024
t =046 NS t=3-62%**

¢ Data taken from Clifford (1985a).
* Including component 9.
NS = not significant.
* Significant at 0-1%.
** Significant at 0-01%.
*** Significant at 0-001%.
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found to have significantly (p < 0-01) lower contents of total CQA, FQA and
total CGA. The total diCQA content is also lower but with an apparently
lesser significance (p <0-1) due to the incorporation of the content of
component 9 in the Angolan total diCQA value. Of the CGA-like
components only two (10 and 14) occurred consistently at levels above the
limit of integration. The contents of these two also were significantly lower in
the Angolan beans.

However, if the individual values for the other 35 samples are compared
individually with the corresponding mean values for the Angolan samples, it
is clear that the single samples from eleven other origins (Congo, Gabon,
Ghana, Guinea, Madagascar, Nigeria, Uganda (FAQ), Zaire, Malaysia, Sri
Lanka and Thailand) have compositions that fall within, or near to, the
corresponding upper (three standard deviation) limit for the Angolan
sample distributions. Provisionally assuming similar distributions for the
composition of samples from these other origins, and normality of
distribution in each case, one must conclude that there would be difficulty in
distinguishing unequivocally, on these compositional criteria, from which
particular origin among these twelve, any particular sample was derived.

However, the Angolan samples used in this investigation are characterised
also by the presence of CGA-like components 5, 7, 9 and 16, and this
combination of characters was not observed in any other sample. If these
distinctions prove to be real and consistent, then the use of these additional
criteria would greatly increase the discrimination that could be achieved, but
it would be premature to conclude that even this combination of characters
would reliably and consistently distinguish an Angolan robusta.

Why these Angolan robustas are so distinctive is not known but it is said
(Smith, 1985, p. 13) once to have been much sought after for its clean neutral
taste. In a separate study to be reported elsewhere (Clifford, M. N., Williams,
T. & Bridson, D., unpublished results) it was noticed that the Angolan
pattern of CGA-like components more closely resembled the pattern of a C.
canephoravar. Ugandae from the living collection at Lyamungu in Tanzania,
rather than C. canephora var. robusta or var. Kouilou. The var. Ugandae (also
known as var. nganda) is known to have originated in Uganda and other
parts of equatorial Africa.

Finally, in judging the potential of this chromatographic method for
identifying the origin of green robustas it should be noted that seven other
CGA-like components apparently show restricted occurrence among the
non-Angolan samples (component 2 in 12 origins; component 3 in 10
origins; component 4 in 3 origins; component 8 in 11 origins; component 11
in 14 origins; component 12 in 5 origins and component 10 in 18 origins). If
these peculiarities prove to be consistent they may manifest themselves as
unique patterns that would discriminate at least some of the non-Angolan
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origins. On this basis it is suggested that an extension of this study might
provide a means whereby green robusta coffee from some origins could be
identified with a low risk of error.
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