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Effect of Roasting on the Formation of Chlorogenic Acid
Lactones in Coffee
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Of all plant constituents, coffee has one of the highest concentrations of chlorogenic acids. When
roasting coffee, some of these are transformed into chlorogenic acid lactones (CGL). We have studied
the formation of CGL during the roasting of coffee beans in Coffea arabica cv. Bourbon; C. arabica
cv. Longberry; and C. canephora cv. Robusta. Individual CGL levels were determined by comparison
of HPLC peaks with those of synthetic CGL standards. Seven CGL were identified: 3-caffeoylquinic-
1,5-lactone (3-CQL), 4- caffeoylquinic-1,5-lactone (4-CQL), 3-coumaroylquinic-1,5-lactone (3-pCoQL),
4-coumaroylquinic-1,5-lactone (4-pCoQL), 3-feruloylquinic-1,5-lactone (3-FQL), 4-feruloylquinic-1,5-
lactone (4-FQL), and 3,4-dicaffeoylquinic-1,5-lactone (3,4-diCQL). 3-CQL was the most abundant
lactone in C. arabica and C. canephora, reaching peak values of 230 £+ 9 and 254 + 4 mg/100 g (dry
weight), respectively, at light medium roast (~14% weight loss). 4-CQL was the second most abundant
lactone (116 + 3 and 139 + 2 mg/100 g, respectively. The maximum amount of CGL represents
approximately 30% of the available precursors. The relative levels of 3-CQL and 4-CQL in roasted
coffee were reverse to those of their precursors in green coffee. This suggests that roasting causes
isomerization of chlorogenic acids prior to the formation of lactones and that the levels of lactones in
roasted coffee do not reflect the levels of precursors in green coffee.

KEYWORDS: Coffee; coffee roasting; chlorogenic acid lactones; quinides

INTRODUCTION formation of an intramolecular ester borl) (Figure 1), have
received special attention due to their potential effects on brain
' function independent of the pharmacological effects of caffeine
(25—31) (Chlorogenic acid and lactones nomenclature: the
authors adopted the IUPAC numbering system (36) for chlo-
rogenic acids. Although under IUPAC rules the numbering
system for the lactones is different from that of the acids, to
avoid confusion, in this paper, the authors used for lactones
the same numbering of the carbon atoms as for the acid
precursors. When citing other authors, their numbering has been
changed for consistency.) De Paulis et al. reported that 3,4-
dicaffeoylquinic-1,5-lactone (3,4-diCQL) inhibits the human
denosine transporter and could, therefore, potentially counteract
he stimulant effect of caffeine in the brai®d]. Using rat brain
preparations, Boublick et al. reported that coffee exhibits opiate
. - ) L receptor binding activity with characteristics similar to those
HIVl integrase 19_21)_’ _antlspasr_nodlc _act|V|ty22), and of opiate antagonists (26). Wynne et al. isolated an active
'”h'b'“o_'? of the mutagenicity Of. carcinogenic _comp(_)unﬁs)( fraction containing isomeric feruloylquinic acid lactones (FQL),
In addmory, their correspono_llng chlorogenlc acid lactones which were later identified as 1-FQL, 3-FQL, and 4-FQ7),
(CGL), which are formed during the roasting process by the based on their spectra. Clifford observed both agonist and
loss of a water molecule from the quinic acid moiety and antagonist behavior at opioid receptors from fractions known
to contain CQL and FQL29). In a study with cell homogenates

* To whom correspondence should be addressed. Phone and fax: (55)-expressing the humain opioide receptor (MOR-1), de Paulis
(21):2562-8213; e-mall: afarah@ig.ufrj.br. et al. @1) confirmed the affinities of synthetic 3-FQL and 4-FQL

TVanderbilt University School of Medicine. - g
* Universidade Federal do Rio de Janeiro. for MOR-1. In addition, they found that other synthetic CGL,

Phenolic acids occur widely in nature as mixtures of esters
ethers, or free acids. Caffeic, ferulic, apecoumaric acids are
phenolic compounds derived from cinnamic acid and occur
naturally in the form of mono- or diesters with the aliphatic
alcohols of (—)-quinic acid, under the common name of
chlorogenic acids (CGA)1). The main subgroups of chloro-
genic acids are caffeoylquinic acids (CQA), dicaffeoylquinic
acids (diCQA), feruloylquinic acids (FQA), ang-couma-
roylquinic acids (pCoQA) (23).

Green coffee beans contain the largest amounts of CGA found
in plants, ranging from 6 to 12% (4—10). Studies of these
compounds have revealed they have several pharmacologic
properties, such as antioxidant activitg1(13), ability to
increase hepatic glucose utilizatiob4(—18), inhibition of the
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Figure 1. Lactone formation from CGA. Only those CGA that lack a substituent in the 5-position (i.e., 4-CQA and 3-CQA) are able to form a caffeoyl-

1,5-quinide. Lactone formation from 3-CQA is favored relative to 4-CQA because of steric hindrance of the ester group in the axial position of the
equatorial conformer.

especially those with a cinnamoyl substituent in the 4-position (ABIC), where disk #95= very light roast; disk #85= light roast;
of the quinide (i.e., 4-CQL, 3,4-diCQL, 3,4-diFQL, and 3,4- disk #65= light medium roast; disk #45 dark medium roast; disk
di-pCoQL), have stronger affinities for MOR-1 than either FQL. #35= dark roast; and disk #25 very dark roast. _ _
In fact, the extract of instant decaffeinated coffee was able to  EXtraction. Green coffee beans were frozen-&0°C prior to being
reverse morphine-induced analgesia in mice at doses 1 orde@und- Samples were ground to pass through a 0.046 mm sieve and
of magnitude less potently than that reported for nalox@ig. ( extracted in triplicate according to a modification of the method of
While the main CGA, 5-caffeoylquinic acid, was shown to ;’:;%o gfm;r’gﬂfﬁéaii(:f)é;evcvzgu);:;;'gﬁéi% b% @6 e;nﬁ|3(§).4goa/(|)f une_
be at least partially bioavailabl8%—34), there are no data to  oys methanol and shaken at room temperature for 20 min at 300 rpm.
indicate whether other CGA constituents, such as CGL, are The mixture was filtered through filter paper (Whatman No. 1) and
absorbed unchanged after coffee consumption. Furthermore, inwashed with 30 mL of water. For precipitation of proteins and other
light of the relatively weak in vitro affinities of these compounds high molecular weight compounds, 1 mL each of Carrez's solutions,
at theu opioid receptor and the adenosine transporter, acute K2Fe(CN) (0.3 M) and Zn(OAc) (1.0 M), were added, and the volume
pharmacological effects in the central nervous system seemWas made up with water to 100 mL. The mixture was shaken for 5 s
unlikely to be produced by CGL acquired from normal coffee and let stand for 10 min. The colloidal preupltatlon was then flltergd
consumption. However, the future possibility of using such (Whatman No. 1), and the filtrate was used directly for HPLC analysis.

coffee constituents as nutraceuticals should not be discarded Water Content. To express the amount of CGA and CGL per weight
Itu u utl u : of dry matter, the water content of the freshly ground beans was

Sensorially speaking, CGL were found to contribute consider- yetermined according to AOAC (39).
ably to the bitterness of the coffee beverage (35), an important  weight Loss. The percentual weight loss (%WL) was calculated

attribute for coffee quality. using the following equation:

Data on the effects of roasting on the formation and preva-
lence of CGL in coffee are limited. The lack of commercial %WL = 100— WAR x 100
standards makes their identification and quantification in coffee WBR

difficult. In the present work, we studied the formation and
prevalence of CGL during the roasting process in the two main where WBR = weight before roasting and WAR= weight after
species of marketed coffee, represente€bgrabicacv. Bour- roasting.

bon; C. arabicacv Longberry; andC. canephoracv. Robusta. Standards. 5-Caffeoylquinic acid (5-CQA) was purchased from
Sigma-Aldrich (St. Louis, MO). A mixture of 3-CQA, 4-CQA, and
5-CQA was prepared from 5-CQA using the isomerization method of

MATERIALS AND METHODS Trugo and Macraedy). 3-CQL, 4-CQL, 3-FQL, 4-FQL, ®CoQL,

Coffee SamplesC. arabicacv. Bourbon from Brazil,C. arabica 4-pCoQL, and 3,4-diCQL standards were synthesized using the low-
cv. Longberry from Ethiopia; an€. Canephoracv. Robusta from temperature modification4Q) of the method of Wynne et al41),
Uganda, 2002 crop, were obtained from commercial sources. starting with hydroxyl-protected quinide and the appropret@umaric,

Roasting. Samples were roasted in duplicate, in a Commercial Air caffeic, and ferulic acid chlorides. Melting points were taken on a Haake
Stream Roaster (Model 40001, Hearthware, Gumee, IL) operating at Buchler apparatus. Th&# and *3C NMR spectra were recorded in
the maximum temperature of 23C. Samples were roasted from5to  CDCl,—DMSO-ds (2:1) with tetramethylsilane as internal standard
15 min to obtain very light (5 min), light (6 min), light medium (7  on a Bruker instrument operating at 300 and 75 MHz, respectively.
min), dark medium (8 min), dark (9 min), and very dark {115 min) Proton coupling constants of the cyclohexane ring were confirmed by
roasting degrees. Roasting degrees were determined by comparison witlsimulation of proton spectra using MestRe-C, v 2.3 (courtesy of Dr. J.
the Roast Color Classification System (Agtron-SCAA, 1995), following C. Cobas, University of Santiago de Compostela, Spain). Optical
the standards used by the Brazilian Coffee Industries Association rotations were recorded on a Rudolph Autopol Il using the sodium
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Figure 2. HPLC separation of chlorogenic acids in green C. arabica cv. Bourbon. 1 = 3-CQA; 2 = 3-FQA; 3 = 5-CQA; 4 = 4-CQA; 5 = 5-FQA; 6
= 4-FQA; 7 = 3,4-diCQA; 8 = 3,5-diCQA; and 9 = 4,5-diCQA. The three major peaks are shown off scale to show minor peaks.

emission line at 589 nm and a 10 cm cell (1.8 mL). 3-FQA, 4-FQA,
and 5-FQA were synthesized from 3-FQL and 4-FQL, respectively,
by hydrolysis in 50% aqueous tetrahydrofuran as repod@). (The
identity and purity of the lactones were confirmed by proton &l
NMR spectroscopy and by HPLC. For diCQA, a mixture of 3,4-, 3,5-,
and 4,5-diCQA from Roth (Germany) was used.

HPLC Analysis. Extracts of phenolic acids and lactones were

analyzed by a HPLC gradient system using two high precision pumps

(model 582, ESA, Chelmsford, MA); a UV detector (Model M 486,
Waters Corp., Milford, MA), operating at 325 nm; and an ODS-C18
column (Rexchrom, zm; 250 x 4.6 mm, Regis Technologies, Morton

Grove, IL) coupled with a guard column (Rexchromu, 10 x 3

the response factor of the 5-CQA standard (expressed in)g & is
the molar extinction coefficient of 5-CQAc, is the molar extinction
coefficient of the analogue or positional isomer in question;;N&R
the molecular weight of 5-CQA; MRs the relative molecular weight
of the isomer in question; andl is the area of the peak of the isomer
in question 81). Molar extinction coefficients X 10%) were as
follows:

at Amax 330 nm, 5-CQA= 1.95; 4-CQA= 1.80; 3-CQA= 1.84;
3.4-diCQA = 3.18; 3,5-diCQA= 3.16; and 4,5-diCQA= 3.32. At
Amax 325 nm, 5-FQA= 1.93; 4-FQA=1.95; and 3-FQA= 1.90 n1*
cmt (31).

Because not all CQL standards were of analytical grade, the

mm, Regis). Chromatographic data were recorded and integrated inquantification of lactones was also performed using the area of 5-CQA
the Easy Chrom Elite computer software (ESA). The chromatographic combined with the molar extinction coefficient of the CGA that

conditions for the gradient were as follows: eluent A: 80% 10 mM
citric acid solution, acidity adjusted to pH 2.5 with 6 N hydrochloric

originated each particular lactone, except forpl@»QL for which the
area of the 5-CQA standard was used due to lack of molar extinction

acid and 20% methanol, which had previously been added to eluent A coefficients. The use of molar extinction coefficients of the precursors

to avoid formation of air bubbles in the system. Eluent B: methanol.
The flow rate was 1 mL/min and run time: 60 min. The gradient
program was as follows:

time (min) eluent A (% viv) eluent B (% viv)

0.01 100 0
19 100 0
25 80 20
35 80 20
50 60 40
60 60 40
61 100 0

for quantification of lactones was considered valid because the UV
absorbances of the conjugated double bonds of the lactones are virtually
identical with those of the corresponding chlorogenic acids. When
compared with results from some of the lactone standards with high
purity, this method was shown to be appropriate.

Statistical Analysis. The HPLC results were analyzed by Statistica
software, version 6.0, using ANOVA. Differences were considered
significant whenp < 0.05.

Detection Limit. The detection limit for 5-CQA (4-fold baseline
noise) under the conditions used in this work was Qu@BnL.

RESULTS AND DISCUSSION

Green Coffee A total of nine CGA were identified. A typical
chromatogram obtained for green arabica coffee at 325 nm is

Identification of CQA and CGL was performed by comparison with depicted inFigure 2. The contents of individual CGA in green

retention time of the respective standards. Coffee samples were spike

with small amounts of the appropriate standards for confirmation of
peak identity. The quantification of 5-CQA was accomplished by
comparison of the area of the UV peak with that of the standard.
Quantification of all other CGA was performed using the area of 5-CQA

%.arabica cv. Bourbon, C. arabica cv. Longberry, andC.

canephoracv. Robusta are presented Trable 1. The most
abundant CGA group in green coffee samples was the CQA,
which represented about 80 and 76% of the total CGA in arabica

standard, combined with molar extinction coefficients as reported by and Robusta coffee, respectively, with 5-CQA being the major

Rubach (36), using the following equation:

RFgMR,A
MR,

whereC is the concentration of the isomer in question in ¢;LRF is

CQA (62 and 56%, respectivelyJéble 1). The diCQA isomers
were the next three most-abundant CGA. Total diCQA repre-
sented 15 and 18% of the total CGA present in green arabica
and Robusta samples, respectively. Total levels of FQA
represented 5.2 and 6.2% of the CGA in arabica and Robusta
coffee, respectively. The total contents of CQA and diCQA in
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Table 1. Chlorogenic Acids Content in Green and Roasted C. arabica Cv. Bourbon, C. arabica Cv. Longberry, and C. canephora Cv. Robusta?

roasting roasting

degree  time (min) 3-CQA 4-CQA 5-CQA 3-FQA 4-FQA 5-FQA 34-DICQA 3,5-DiCQA 4,5-DiCQA
C. arabica cv. Bourbon green 0 4833+6.1 5435+93 3126.1+29.7 283+09 40.1+18 210.7+18 2362+40 2549+47 2789+125

(Brazil) very light 5 996.0+13.7 1277.7+434 28085+88 743+27 732+27 167.0+23 1641+51 15234209 1905+4.6

light 6 816.1+131 999.6+451 19958+19.9 478+79 68038 109.1+82 1197+23 88.6+3.8 127.8+40

light medium 7 4585+234 5904+512 11035+409 342+26 439+16 873+59 51.7+37 352+14 501+16

dark medium 8 1986+10.1 281.6+11.0 4475+229 176+31 307452 66.0+48 140+30 122+20 16615

dark 9 1228+30 155876 2443+179 97x02 199+10 22108 7412 5127 92+18

very dark 10 80.1+2.0 713+33 159.6+99 7.6+05 137400 126+0.7 Nd? 22+0.8 Nd

C. arabica cv. Longberry  green 0 478.2+853 4735+127 36058+33.2 229+21 345+03 2349+54 2343+30 2635%147 3426+49
(Ethiopia) very light 5 950.7+11.1 12343+76.1 31022+7.2 629+35 652+20 1658+7.2 189.1+51 176.0+10.8 281.4+11.6
light 6 804.7+116 933.0+204 17241+19.0 4224109 56.8+30 107.0+59 943+70 725+112 1189+295

light medium 7 3438+238 4948+124 8157376 41.1+37 42257 68462 409+43 363+x90 541+23

dark medium 8 180.8+12.6 2650+95 3764+85 146+11 226450 431+23 113+12 112+04 158+06

dark 9 1101+96 156.2+55 2186+52 92+09 17.0+1.0 145+09 34+02 51%02 6.1+0.8

very dark 10 53084 513+17 1047+113 63+11 12204 74%08 Nd Nd Nd

C. canephora cv. Robusta green 0 9248+299 6024+121 42433+153 341+17 578+30 379.2+188 4235+6.3 400.7+89 511.5+27
(Uganda) very light 5 1257.3+21.4 1481.0+285 3802.4+10.5 89.7+48 1080457 3108+17.9 337.2+44 279.6+185 3343+13.8

light 6 1086.7 +96.8 1342.9+421 2520.8+77.3 57.1+04 1100+09 241.7+114 2173116 158.6+7.6 205.0%95

light medium 7 6234+65 790.9+359 1347.1+79 792+15 861+4.1 1698480 81.8+37 614+29 919+38

dark medium 8 3340+140 3083142 4480+96 408+18 701+51 734x43 231+11 180+13 19.0+08

dark 9 218.6 +3.3 1675+34 2258+914 244+44 394+19 37727 6.9+05 6.5+04 6.0+03

very dark 10 108.0+6.9 99.9+108 111.0+22 147+07 182+18 234+16 25+06 32+02 19+0.2

aResults are shown as the means of roasting in duplicates and extractions in triplicates + standard deviation, expressed in mg/100 g of coffee, dry weight. ®Nd = not
detected.
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Figure 3. HPLC separation of chlorogenic acids and lactones in C. arabica cv. Bourbon roasted to light medium roast (i.e., ~14%weight loss) after 7
min of being roasted at a maximum temperature of 230 °C. The three major peaks are shown off scale to show the very minor peaks. 1 = 3-CQA; 2
= 3-FQA; 3 = 5-CQA; 4 = 4-CQA; 5 = 3-CQL; 6 = 5-FQA; 7 = 4-FQA; 8 = 4-CQL; 9 = 3-pCoQL; 10 = 3-FQL; 11 = 4-pCoQL; 12 = 4-FQL; 13
= 3,4-diCQA; 14 = 3,5-diCQA; 15 = 4,5-diCQA; and 16 = 3,4-diCQL.

arabica green coffee were 8.9 and 8.4%, respectively, higher inpreviously described (45—49). The high temperature of the
Longberry cultivar than in Bourbon. There was no significant roasting process causes a breakage of the caftembon bonds
difference between the total content of FQA in both arabica of CGA, resulting in isomerization and degradation. After 5
cultivars. The total CGA content in Robusta green coffee was min of roasting (~7% weight loss), the levels of 5-CQA had
28% higher than the average CGA content in arabica cultivars. decreased substantially, while the levels of 3-CQA and 4-CQA
The difference between the contents of CGACinarabicaand had increased to twice their original values. This behavior was
C. canephorahas been extensively reported, (L0, 45). No also observed for FQA. This is evidence that isomerization of
lactones were identified in green arabica coffee beans. However,CGA takes place at the beginning of roasting, as previously
small amounts of FQL and diCQL were identified in green observed by Trugo and Macra&7) and Leloup et al.43). In
Robusta beans. While Hucke and Maié6) did not find any addition, it is possible that partial hydrolysis of diCQA to
lactones in the analysis of green coffee samples by gasmonoester derivatives occurs in addition to isomerizati3).(
chromatography, Schrader et &7§ have detected 4-CQL. The An initial rise in the total CGA amount was observed at 5 min
presence of lactones in green beans may be due to heating duringf roast. This could be a result of the loss of other compounds
primary processing. that are more sensitive to heat, causing a relative increase in
Roasted Coffee.Samples were roasted from 5 to 15 min. levels of the remaining ones. Longer periods of roasting
The loss of CGA during the roasting process of coffee has beenresulted in a loss of total CGA. Besides isomerization
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Figure 4. Structures of chlorogenic acid lactones and their precursors in roasted coffee. The numbers in parentheses refer to the peaks identified in the

chromatogram (Figure 3).

Table 2. Chlorogenic Acid Lactone Content in Green and Roasted C. arabica Cv. Bourbon, C. arabica Cv. Longberry, and C. canephora Cv.

Robusta?
roasting roasting
degree time (min) 3-CQL 4-CQL 3-FQL 4-FQL 34-diCQL  3-pCoQL  4-pCoQ L
C. arabica cv. Bourbon (Brazil) green 0 Ndb Nd Nd Nd Nd Nd Nd
very light 5 716+87 256+ 16 65+1.3 19+02 2802 21+03 05+00
light 6 160.2 +2.3 921+29 141+12 70+04 41+04 46+04 53+02
light medium 7 2485+9.4 11563+1.0 283+20 134407 6.6%12 75+04 7.8+02
dark medium 8 146.6 +9.8 87.7+21 298%16 96+04 21zx11 73+£07 6.6+04
dark 9 95.7+4.7 53.1+35 21.2+19 78+03 1.0%0.2 44+02 40+16
very dark 10 59.6 +10.0 248+26 158+6.0 62+04 07+006 23+02 38+06
C. arabica cv. Longberry (Ethiopia ) green 0 Nd Nd Nd Nd Nd Nd Nd
very light 5 513+19 225+11 18+00 Nd 31403 Nd Nd
light 6 1612 +34 944+31 202+13 65+03 6.8%06 16+01 19+02
light medium 7 2105+8.6 1160+47 297+03 116+06 7.8%06 44+03 26+03
dark medium 8 163.3+8.1 724+16 284+13 9.7+04 61205 30£02 11+01
dark 9 945+4.8 479+17 155428 56+04 1704 35+08 0.6+0.1
very dark 10 56.3+7.7 37.1+08 102+12 35+x02 1.1+01 20+£02 Nd
C. canephora cv. Robusta (Uganda)  green 0 Nd Nd 4000 91+08
very light 5 57.7+4.4 258+ 1.4 64+04 164+17
light 6 1988+ 4.4 1100+ 2.1 184+07 236%10
light medium 7 253.6 £ 4.3 138.8+2.0 311+13  254+10
dark medium 8 1654 +106 1259+88 166+04 100x1.2
dark 9 87.6+4.8 45.0+2.0 84+13 43%14
very dark 10 544 +6.7 259+29 51+03 0802

aResults are shown as the means of roasting in duplicates and extractions in triplicates + standard deviation, expressed in mg/100 g of coffee, dry weight. ®Nd = not

detected.
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and degradation, other chemical transformations may occur, the a) C. arabica cv.Bourbon
dominant being dehydration of the quinic acid moiety and

formation of a lactone ring (24)F{gure 1). Because the & 300
elimination of a water molecule from the six-membered ring 2 250 - —a—3-CQL
of the quinic acid (R,R,S,R)-1,3,4,5-tetrahydroxycyclohexane- 2 —a—4-CQL
1-carboxylic acid) requires ayn-1,3-diaxial configuration of < i —e—3-FQL
the hydroxyl and carboxyl groups to form lactones, only those w150 ——4-FQL
isomers that lack a cinnamoyl substituent in the 5-position of § 50 —%—3 4 diCQL
the quinic acid (i.e., 3-CQA and 4-CQA) are able to form a g —=—3-CoQL
1,5-quinide during roasting. The rate at which all these changes g 50 4 ——4-CoQL
occur depends on both temperature and the amount of beans g o |
inside the roaster. = 0 5 10 15

In addition to nine CGA identified in the green samples, seven Roasting time (min)
CGL have been identified in roasted coffee. CGL reached their
maximum levels approximately 7 min after the start of the b) C. arabica cv. Longberry
roasting process (i.e., light medium roast equatiet% weight T 300 -
loss). Longer roasting times resulted in lower amounts of both &
CGA and CGL. A typical HPLC chromatogram of CGA and = 250 4 i il
CGL present in light medium roasted coffee is showRigure ?;“ St —&—4-0QL
3. Their chemical structures are shownHigure 4. Arabica - —e—3-FQL
cultivars offered the clearest identification and quantification o 150 4 ——4-FQL
of lactones, except for one case in the Bourbon cultivar, in which g —%— 3,4-diCOL
pCoQL seemed to coelute with other compound(s). Because B 1005 i
Robusta coffee is richer in phenolic compounds than arabica % 504 —+—4-CoQL
coffee (10,44, 45), separation of lactones is more difficult due g '
to coelution. The elution order of CGA and CQL was similar & 0
to that reported by Schrader et ak7§, who used mass 0 5 10 15
spectrometry, NMR spectroscopy, and LC-MS for characteriza- Roasting time (min)
tion. The exception was 3-CQL, which in our column eluted
before 5-FQA and 4-FQA. Spiking the samples with synthetic ¢) C. canephora cv. Robusta
standards and with green coffee extract made it possible to 0 300
distinguish between CGA and CQL using a reverse phase s
column with a slightly different selectivity from that used by E 250 -
Schrader et al. Apparently, these seven CGL have not been E o —&—3.COL
previously separated in a single HPLC analysis. g —a—4-COL

The contents of individual CGA and CGL in green and 2 150 MG,
roasted arabica and Robusta samples are showialites 1 2 1004 A
and 2, respectively. The maximum amount of total CGL was g R
398 and 424 mg/100 g of coffee f@. arabica(average) and g 501
C. canephora, respectively, which correspond to 7.3 and 5.6% § 0 X
of the contents of total CGA in green arabica and Robusta o

samples, respectively. This difference between arabica and

Robusta coffees is not as high as expected, considering that

Robusta showed 28% higher CGA levels than arabica. This factFigure 5. Lactones formation during roasting of (a) C. arabica cv. Bourbon;

has also been observed by Bennat et48) for CQL. The total (b) C. arabica cv. Longberry; and (c) C. canephora cv. Robusta coffee

maximum amount of lactones in a Bourbon cultivar (427 mg/ beans. Maximum lactone levels were observed after 7 min of being roasted

100 g) was higher than in Longberry cultivar (383 g/100 @), (i.e., ~14% weight loss).

even though the total amount of CGA in green Longberry coffee

(5690 mg/100 g) was higher than in Bourbon (5172 mg/100 maximal values. Most CGA could not be detected after 11 min,

g). However, for the total amounts of the precursors, Bourbon and only trace amounts of CGL could be detected after 15 min

presented a higher content of corresponding precursors forof roasting.

CGL formation (1331 mg/100 g) than the angberry cultivar Caffeoyl-1,5-lactones (CQL).The identification and quan-

(1244 mg/100 g). The lactone contents in Bourbon and tification of 3-CQL and 4-CQL in roasted coffee have been

Longberry cultivars correspond to 32 and 31%, respectively, previously reported47, 48). Although the three major CGA in

of their precursors. In a similar evaluation of the Robusta coffee are 5-CQA, 3-CQA, and 4-CQA, only the latter two

sample, taking into account the exclusion of minor CGL from  compounds, having no substituent in the 5-position of the quinic

the table, the maximum amount of total CQL was equivalent zcid, are able to form a 1,5-lacton€igure 1). Therefore,

to 26% of the corresponding precursors. This brings the 3.cQL and 4-CQL are expected to be the major lactones in

percentages in both species closer, but the occurrence of a lowefpasted coffee extracts, which was confirmed in this study.

percentage of lactone formation in Robusta coffee still remains 3-cQL was the most abundant lactone in all samples, reaching

to be explained. its maximum amount at 7 min of roasting (i.e., light medium
At a 10 min or longer time of roasting (i.e., dark roast equal roast (249+ 9 mg; 211+ 9 mg; and 254 mgt 4 mg/100 g

to >20% weight loss), the amounts of total CGA and CGL coffee forC. arabicacv Bourbon,C. arabicacv. Longberry,

decreased to less than 5.2 and 20%, respectively, of theirandC. canephorayv. Robusta, respectivelyJéble 2)). 4-CQL

Time (min)
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Figure 6. Formation of 3-CQL by thermal rearrangement of 4-CQA.

showed the second highest amount, reaching its maximum Feruloyl-1,5-lactones (FQL).The occurrence of FQL has
amount also after 7 min of roasting (1351 mg; 116+ 5 mg; been previously described in fractions of roasted cofe® (
and 1394+ 2 mg/100 g coffee, respectively). These levels of 27). We identified and quantified two major feruloyl-1,5-
lactones are in concordance with those from the analysis of lactones, 3-FQL and 4-FQL. The highest amount of these
commercial coffee brands reported by Schrader et4dl), (as compounds also occurred at 7 min of roasting, and the same
well as with those reported by Bennat et &@8]. pattern observed for CQL was observed for FQL. Although the
The average amount of 3-CQL and 4-CQL at 7 min of amount of 4-FQA was higher than the amount of 3-FQA in all
roasting represented 37 and 23% of the average amounts of CGAhree samples, 3-FQL was the major FQL. The maximum levels
in green coffee beans, respectively. Even though the amount ofof 3-FQL for Bourbon and Longberry samples were 29.8 and
the precursor 4-CQA was higher than 3-CQA in arabica green 29.7 mg/100 g, while the maximum levels of 4-FQL were 13.4
samples, at light medium roast, when CGL reached their and 11.6 mg/100 g, respectively. 3-FQL could not be quantified
maximum levels, a 65:35 ratio between 3-CQL and 4-CQL was in the Robusta sample due to its coelution with other peak(s).
observed, similar to that of 60:40 observed by Bennat et al. The formation of 3-FQL and 4-FQL mirrored that of CQL, as
(48). The ratio of 3-CQL/4-CQL in Robusta sample was evidenced by the ratio of 70:30 between 3-FQL and 4-FQL in
68:32. The higher levels of 3-CQL as compared to 4-CQL could arabica samples.
be explained by assuming that 3-CQL is generated also from p-Coumaroyl-1,5-lactones (pCoQL).The occurrence of
4-CQL. During 4-CQL formation, elimination of a water pCoQL in roasted coffee has not been reported previously,
molecule from the axial chair conformer of the cyclohexane probably because they are present in very small amounts. The
ring of 4-CQA occurs. Because of the elimination of the axial precursorspCoQA, are known to be minor CGA in both green
conformer, the equilibrium between the equatorial and the axial and roasted coffee2( 28), with typical amounts of 3670
chair conformers tends to be shifted until most of 4-CQA is mg/100 g and 50—60 mg/100 g for green arabica and Robusta
transformed. After formation of both 3-CQL and 4-CQL from coffees, respectively28). The total amount of BCoQL in
their corresponding precursors, 4-CQL undergoes an intramo-Bourbon and Longberry samples after 7 min of roasting was
lecular migration of the caffeoyl substituent. The carbonyl group 7.5 mg and 4.4 mg/100 g of coffee, respectively. The total
of the caffeoyl moiety can form an intermediate five-membered amount of 4-pCoQL was 7.8 and 2.6 mg/100 g of coffee,
orthoformate ring with the hydroxyl group in the 3-position of respectively. During the roasting process, many secondary
the quinide Figure 6). Breaking the bonds of this ring may compounds are formed. Robusta coffee is rich in minor
occur at either of the two oxygen atoms. If the break occurs unidentified phenolic compounds, and under these chromato-
between the caffeoyl carboxylic carbon atom and the quinide graphic conditions, it was not possible to quantify 3-pCoQL
oxygen atom in the 4-position, the intermediate returns to and 4-pCoQL, which coeluted with other compounds. A ratio
4-CQL, and the process repeats. However, if the bond in the of 63:37 between PCoQA and 4-pCoQA was observed in
3-position is broken, the intermediate is transformed into 3-CQL. roasted Longberry beans, which follows the pattern ob-
This process is reversible, but the equatorial conformation of served for CQL. However, this ratio was not seen in the Bour-
the caffeoyl group in 3-CQL is energetically favored over the bon cultivar, which suggests that the quantification of
axial conformation of 4-CQL. Further, because of the axial 3-pCoQL or bothpCoQL may have been confounded due to
configuration of the 4-substituent in 4-CQL, the conformation coelution with other minor compounds, as was the case for
of the cyclohexane ring necessary for lactone formation is less Robusta coffee.
favored as compared to that of 3-CQEigure 1). As a result, 3,4-Dicaffeoyl-1,5-lactone (3,4-diCQL). The maximum
3-CQL is the dominant lactone in roasted coffee. amount of 3,4-diCQL in Bourbon and Longberry cultivars was
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6.6 and 7.8 mg/100 g of coffee, respectively. These represent (10) Trugo, L. C.; Macrae, R. A study of the effect of roasting on

2.8 and 3.3% of the amount of the precursor 3,4-diCQA present the chlorogenic acid composition of coffee using HPIE@od

in green beans, respectively. Green Robusta coffee reached a Chem.1984,15, 219-227. _

maximum value of 25.4 mg/100 g of coffee, also after 7 min  (11) Kono, Y.; Kobayashi, K.; Tagawa, S.; Adachi, K.; Ueda, A;

of roasting. The green Robusta sample seemed to already contain ~ Sawa, Y.; Shibata, H. Antioxidant activity of polyphenols in-

a small amount of 3,4-diCQL. diets. Rate constants of reactions of chlorogenic acid and caffeic
The present work demonstrates that the formation of CGL is gic(';:)r:’; gh gst‘:gg‘g; ig%%'eg 3%f_o3>;yzgen and nitrog&ochim.

highly dgpendent on the degr_ee of roasting. The optimum degree (12) Luzia, M. R.: Paixdo, K. C. C.: Marcilio, R.: Trugo, L. C.:

of roasting to achieve a maximum amount of lactones in coffee

- . . Quinteiro, L. M. C.; de Maria, C. A. B. Effect of the 5-caf-
is light medium roast{14% weight loss), whereas darker roasts feoylquinic acid on soybean oil oxidative stabilitpt. J. Food

yield lower amounts. Despite favorable structural configurations Sci. Technol1997,32, 15-19.

of CGA, less than 10% of the total CGA and about 30% of the (13 castilho, M. D.; Ames, J. M.; Gordon, M. Effect of roasting on
possible precursors in green coffee were converted to lactones. the antioxidant activity of coffee brewd. Agric. Food. Chem.
Despite the higher amounts of 4-CQA as compared to 3-CQA 2002,50, 3698—3703.

in green beans, 3-CQL was the major lactone followed by (14) Herling, A. W.; Burger, H. J.; Schwab, D.; Hemmerle, H.; Below,
4-CQL. The bioavailability and the physiological effects of these P.; Schubert, G. Pharmacodynamic profile of a novel inhibitor
compounds in humans, in both normal and high coffee of the hepatic glucose-6-phosphatase system. J. Physiol.
consumption, need to be determined. In addition, the fact that 1998,274, G1087—1093.

the hot water extraction method used for home coffee prepara- (15) Shearer, J.; Farah, A.; de Paulis, T.; Bracy, D. P.; Pencek, R.
tion would theoretically tend to extract lesser amounts of R.; Graham, T. E.; Wasserman, D. H. Quinides of roasted coffee

lactones than those obtained in this study raises the need for ~ €nhance insulin action in conscious ras.Nutr. 2003, 133,

further investigation on the effect of preparation conditions. 3529-3532. )
(16) Hemmerle, H.; Burger, H.-J.; Bellow, P.; Schubert, G.; Rippel,

R.; Schindler, P. W.; Paulus, E.; Herling, A. Chlorogenic acid
and synthetic chlorogenic acid derivatives: novel inhibitors of
hepatic glucose-6-phosphate translocdsévied. Chem1997,
40, 137—-145.

(17) Arion, W. J.; Canfield, W. K.; Ramos, F. C.; Schinder, P. W_;
Burger, H. J.; Hemmerle, H.; Schubert, G.; Below, P.; Herling,
A. W. Chlorogenic acid and hydroxynitrobenzaldehyde: new
inhibitors of hepatic glucose-6-phosphatagech. Biochem.
Biophys.1997,339, 315—122.
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