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Chemical Composition and Flavor of Ecuadorian Cocoa Liquor

FaBIENNE LUNA,T DoMINIQUE CRouziLLAT,T Loic CirRou,® AND
PETER BUCHELI* *

Department of Plant Science, Nestlé Research Center Tours, 101 Avenue G. Eiffel, Notre Dame d’Oe

B.P. 9716, 37097 Tours Cedex 2, France; Nestlé France, Usine de Saint Menet, 41 Avenue de la gare,

13011 Saint Menet, France; and Nestlé R&D Center Shanghai Ltd., No. 13 Qiao Nan, Cao An Road,
Jia Ding District, Shanghai 201812, People’s Republic of China

The contribution of the chemical composition to the flavor of cocoa liquor from an Ecuadorian selfed
population of clone EET 95 was investigated. Polyphenols, purine alkaloids, organic acids, and sugars
were quantified, and the key sensory characteristics of cocoa were scored by a trained panel. Despite
the short bean fermentation (2 days) commonly used for Arriba cocoa, acetic acid content was closely
correlated to liquor pH, demonstrating its essential role in cocoa liquor acidification. Polyphenols
were positively correlated to astringency, bitterness, and the green note and negatively correlated to
the fruity character. Alkaloid and polyphenol levels fluctuated significantly within the selfed progeny
and tended to be lower than those of the heterozygous clone EET 95 (inbreeding effect). These
results support the idea that polyphenols might be essential to the overall perception of cocoa liquor
characteristics and indicate that the composition and the sensory quality of cocoa liquor are the result
of both a genotypic contribution and the conditions of fermentation and roasting.
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INTRODUCTION The extent to which the genotype ®heobroma cacad.
affects cocoa flavor attributes has not been unequivocally
established, and very few studies have addressed this question
in detail. The investigations of Clapperton et d4¢16) on
gSix varieties grown in Sabah (Malaysia) demonstrated a
genotypic effect on sensory attributes such as astringency,
bitterness, and cocoa flavor intensity. They showed a link
between polyphenols, astringency, and cocoa flavor intensity
and between alkaloids and bitterness intensity. Other studies
pointed to the involvement of other chemical components in
Locoa flavor. Holm et al. (17) worked on the effects of organic
acids on cocoa flavor and acidity, whereas Yoo et &8)(

The different cocoa flavor attributes such as cocoa flavor
intensity, bitterness, astringency, and acidity are thought to be
the result of bean fermentation and roastidy (ndeed, they
may be caused by several constituents, which are modifie
during postharvest processing (fermentation and drying) and
roasting (2,3).

The acidification of cocoa beans by acetic acid during
fermentation leads to various biochemical modifications neces-
sary for cocoa flavor development)( These changes include
the generation of peptides and amino acids from storage protein
by the action of cocoa seed proteasgsand reducing sugars, . . . .
which serve as precursors for the Maillard reactions taking place |nve§tlgated the pattern of the organic acid and sugar composi-
during the drying and roasting of cocoa beafsrj. Fermenta- tion In cocoa mass produced by a new processing method.
tion also leads to a strong reduction of soluble polypher&)ls ( To improve our understanding of cocoa flavor and the
During this stage, one-fourth of the purine alkaloids theobromine Underlying chemical basis of this flavor, we have initiated a
and caffeine are lost by exudatio®)(and various volatle ~ Study on an Ecuadorian cacao population to determine the
components are generated (alcohols, esters, and aldehg@es) ( relathnsh|p be.tween genotype, the chem|ca}l constituents Illkely
11). Roasting leads to the development of specific cocoa aromasgi® P& involved in flavor (polyphenols, alkaloids, organic acids,
via the Maillard reaction, caramelization of sugars, degradation @1d sugars), and the key sensory characteristics of cocoa
of proteins, and formation of volatile components such as (bitterness, astringency, cocoa flavor intensity, acidity, fruity,
pyrazines (23, 12), which were described as one of the few floral and green note).

classes of compounds with desirable flavor properties (13).
MATERIALS AND METHODS

¥ Corresponding author (telephore36 21 5913 4488; fax-86 21 5913 Plant Material. Cacao beans were harvested tree by tree in August
48}?\16‘;%6‘&6‘?;:?&“%1?{6@?rql.scth?se_s"e'com)' 2000, from a population derived from self-pollinated clone EET 95

§ Nestlé France, Saint Menet. (Nacionalx Venezolano Amarillo) grown at the same farm in Quevedo

*Nestlé R&D Center Ltd., Shanghai. (Ecuador). The trees were open-pollinated within 1 month, but due to
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the self-compatible status of the EET 95 clone, most pollinations were scored from 1 to 5 (¥ absent, 2= weak, 3= moderate, 4= strong,
in fact selfings. The pods were not harvested at the same time due toand 5= very strong): cocoa flavor (flavor of well-fermented cocoa
different pollination dates and differences in the duration of pod beans), bitterness (basic taste quickly perceived on the back of the palate
maturation within the segregating population. All pods were harvested and the throat), astringency (substances causing a contraction of mouth
at maturity, and each bean sample was fermented for 2 days intissues), acidity, fruity (fruit flavor, round sweet aroma note), floral
individual net bags in a heap of 80 kg of cacao beans and then sun-(flavor of flowers, fresh perfume), and green note (typical flavor of
dried to obtain a minimum of 500 g of beans for each tree. Thirteen nonroasted beans). Two representative Ecuadorian liquor (Q and R)
batches of beans from trees of the progeny, coded from D to P, werewere used as reference for Arriba flavor. The liquor samples of clone
randomly selected. One of them was divided into two aliquots before EET 95,which underwent different fermentation times, were tasted by
the stage of fermentation (O1/Qlas were four others after the drying  the internal cocoa panel of Nestlé PTC York (U.K.) composed of eight
(D1/D2, G1/G2, M1/M2, and 0O1/02) to get duplicates for the trained tasters. Cocoa flavor was scored from 0 to 10.
assessment of the chemical and sensory reliability. Three batches of Statistical Analysis. One-way single-factor analysis of variance
the parental clone EET 95 (A/B/C) were fermented in three different (ANOVA) was performed using NCSS 2000 software (version 2000).
net bags but in the same heap. One of these batches was divided afteThe F ratio was used to determine statistical significancp &t0.05.
the drying (B1/B2). In addition, two representative Ecuadorian cocoa A multiple-comparison test using Fisher’s least significance difference
bean samples (Q and R) were harvested in the same period for use agLSD) was achieved. Correlation coefficienty &nd their levels of
references for Arriba flavor and fermented for 2 days the same as the significance were calculated to identify possible associations between
other samples. The effect of different fermentation times was also testedchemical and sensory data. Principal component analysis (PCA) was
on clone EET 95. Cocoa liquor samples corresponding to 2, 3, 4, and realized to describe the variability of sensory and chemical data.
5 days of fermentation were prepared in duplicate.
Liquor Analysis. Samples were roasted in a laboratory roaster-(10 RESULTS AND DISCUSSION

12 min, 210°C) at the Nestlé Saint Menet factory (France), and milled ) ) )
(Bioblock M20) to obtain cocoa liquor. Fat content was determined ~ Chemical Analysis of Cocoa Liquor. The results of the
by placing 20 g of cocoa liquor in an NMR tube and heating in a fan quantification of fat, alkaloids, organic acids, polyphenols, and
oven at 50°C for at least 1 h. The liquor sample was then introduced sugars are shown iffable 1. Significant differences (p<
in the Oxford MQA 6005 pNMR, and fat content was determined and 0.000001) were found for each chemical constituent between
expressed as a percentage of weight. The HRIgof cocoa liquor in the 24 samples examined. Fat content ranged from 47.2 (P) to
solution with 18 mL of water was measured with a pH-meter according 54 194 (G2) within the progeny with a mean of 5Gt31.8%
to an adapted version of the International Office of Cocoa, Chocolate and was 52.8 1.0% for clone EET 95. Fat content determi-
anc[i) Sfu?tf"" Com:jecgonery QEtthd (ég)t' tion. C i nation by the Soxhlet method gave similar results (data not

etafing and .ocoa Fowder txlraction. ~ocoa fliquor was shown). Theobromine content varied from 17 (G1) to 26.3 mg/g

defatted by extracting 20 g of cocoa liquor in a Soxhlet apparatus with . L -
2 x 500 mL of petroleum ether (60—8) during successively 4 and of DW of defatted material (M2) within the progeny, with a

3 h. The defatted residue (cocoa powder) was air-dried and stored atMean of 21.8 2.4 mg/g. The level was higher for clone EET
—20°C before being extracted in triplicaterfa h in boiling water at 95 (29.8+ 2.4 mg/g). Caffeine concentrations were-37times

a concentration of 20 mg/mL. After cooling at room temperature, the lower than those for theobromine, which is in accordance with
samples were centrifuged in Eppendorf tubes (10000g, 10 min). The an earlier study (16). Levels of polyphenols were also higher
obtained supernatant was used to quantify alkaloids, organic acids, andfor clone EET 95 (74.7 7.1 mg/g) than for the progeny (48.0
sugars. For the determination of polyphendisg of cocoa powder -+ 13.2 mg/g), which ranged from 30.3 (H and I) to 74.2 mg/g
was extracted fo2 hin~60 mL of boiling water under reflux according  (p2). Comparison with other studies is difficult because of the
to the method described in thefficial Journal of the European ittarent methods used for the quantification of polyphenols
Communltleg(ZO). Samples were centrlfuged in 50 mL_ Falcon tubes (22). However, the results concur with those found using the
(150cg'51£,/r;"n)’ and the supernatant was filtered (Schieicher & Schuell colo.rimetric FoI’in—CiocaIteu method with catechin as a standard

aper 2). ;

P I?Zhemical Analyses of Extracts The alkaloids were separated by (65 mg/g of DW of defatted material)2g). Generally, as
HPLC using a Nucleosil 100-5 ¢ column (250 x 4 mm i.d.) illustrated for theobromineT@ble 1), concentrations of chemical
(Macherey-Nagel, catalog no. 720014) with a mobile phase of 0.05% constituents tended to be lower for the selfed population than
phosphoric acid/acetonitrile (9:1). The injected sample volume was 20 for the heterozygous clone EET 95, suggesting an inbreeding
uL, and the separation was performed at a flow rate of 1 mL/min. The effect. This was in agreement with earlier data on the same
detection (diode array) was monitored at 274 nm. Theobromine and population (24) that had shown that bean weight of clone EET
caffeine were quantified by external ca_libration with standard S(_)Iutiqns 95 was higher than for most of the segregating progeny.
of theobromine (0.08 mg/mL) and caffeine (0.02 mg/mL). Organic acids Theohromine content was significantly correlated to polyphenol
were analyzed by high-performance anion exchange chromatographyContent (r= 0.75) (Table 2), a fact that cannot be explained

coupled to pulsed electrochemical detection (HPAE-PED) using a . - Lo .
Dionex AS 11 (250x 4 mm i.d.) column connected to an anionic by a direct link between their biosynthetic pathways. Poly-

membrane suppressor and separated by a gradient ©88.35 mM phenols are s_ynthesized by the shikimat_e and acetate pathv_vays
NaOH for 18 min. The injected sample volume was2Q and the (25), both deriving from glucose metabolism, whereas alkaloids

flow rate was 1.5 mL/min. Sugars were quantified by HPAE-PED, using Originate from the ubiquitous nucleotide pod).(However,

a Dionex PA 1 (250« 4 mm i.d.) column, with a gradient of 200 theobromine and polyphenols appear to be co-localized in
mM NaOH for 23 min and a flow rate of 1 mL/mir2(). Polyphenols storage cells of cocoa seed (26).
were quantified according to the method described in @fécial Citric acid was the main organic acid, whereas malic acid

Journal of the European Communiti¢20), which is based on the  had the lowest concentrations of the acids examifiedble 1).
oxidation of polyphenols (0.1 mL of extract) by the FeliBiiocalteu A similar trend and the same range of concentrations were found
reagent. The absorbance of the solution was measured by a spectron, o, qies that reported the levels of these acids in cocoa beans

photometer at 750 nm against a reference sample. Linear standardrr m different raphic regionsl nd durina different
curves were obtained for a solution of epicatechin in the concentration 0 erent geographic regionslY) a uring ere

range of 0—8 mg/L. All results are expressed as a mean of six values St2ges of bean maturity2T). Within the progeny, acetic acid
in milligrams of epicatechin equivalents per gram of dry weight (DW) content ranged from 8.6 to 13.7 mg/g of DW of defatted material

of defatted material. and pH values were between 5.6 and 6.3 (Table 1). Acetic acid
Sensory Analysis.Liquor was tasted by a panel of Nestlé France Was found to be the only acid significantly correlated with pH
(Saint Menet) composed of seven trained tasters. Seven attributes werdr = —0.69) (Table 2). Liquors D and J had the lowest pH
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Table 1. Contents? of Fat, Alkaloids, Organic Acids, Polyphenols, and Sugars (in Milligrams per Gram of Dry Weight of Defatted Material) for 24
Ecuadorian Cocoa Liquor

fat theo organic acids poly- sugars
sample content? bromine caffeine acetic malic oxalic citric pH phenols glucose fructose sucrose
EET 95 A 53.2 333 4.8 8.2 25 7.6 9.7 6.3 70.4 1.6 1.4 22.6
B1 52.0 28.3 48 10.6 39 7.6 9.2 6.0 85.2 3.2 5.7 15.5
B2 51.8 28.3 4.3 10.8 4.1 7.9 95 5.9 70.5 2.6 6.3 16.5
C 54.0 29.3 4.9 9.7 3.1 7.4 8.1 6.2 72.8 1.8 25 18.1
selfing D1 50.1 23.0 43 133 3.6 8.7 10.6 5.6 58.8 2.9 79 22.3
progenies D2 49.8 21.3 4.9 135 42 7.7 9.1 5.6 74.2 3.1 10.5 20.3
E 50.4 21.2 4.3 11.9 3.9 6.3 12.8 5.8 46.7 4.9 12.2 20.9
F 48.1 21.1 3.1 8.7 35 7.2 16.6 6.1 34.1 4.2 8.8 20.3
Gl 53.2 17.0 2.8 8.9 3.6 6.2 8.8 5.8 33.7 49 7.8 16.7
G2 54.1 214 4.0 10.0 25 7.6 12.3 5.7 51.8 49 12.9 211
H 50.1 17.5 3.6 10.3 43 53 16.7 6.3 30.3 39 75 25.9
| 47.3 235 3.9 12.0 3.7 7.1 12.7 6.1 30.3 2.5 52 155
J 50.8 22.7 5.2 137 3.7 75 12.1 5.6 54.1 3.0 9.9 18.7
K 51.8 22.1 4.1 12.9 2.8 7.1 9.6 5.7 66.9 2.7 9.2 10.2
L 50.0 215 4.9 11.0 2.3 8.1 114 5.8 46.5 1.7 6.3 234
M1 49.0 24.4 7.1 9.3 34 6.5 8.7 6.0 51.6 25 1.6 20.5
M2 50.0 26.3 7.2 9.6 2.9 7.8 114 5.9 63.5 2.7 5.0 24.5
N 49.1 24.8 4.4 10.7 3.7 7.3 12.9 6.0 60.1 2.5 55 16.4
01 50.9 20.2 5.1 8.6 3.2 7.1 10.2 6.3 33.9 39 8.1 24.5
02 51.1 21.1 5.0 11.3 3.8 75 13.3 6.2 38.1 3.7 7.1 25.0
or' 51.9 234 41 8.9 25 6.7 11.5 6.0 48.2 22 6.9 24.9
P 47.2 19.7 4.0 11.9 2.7 7.2 114 6.0 42.1 3.2 79 22.1
Ecuadorian Q 52.2 22.6 5.2 7.8 35 7.4 12.0 6.3 53.9 1.8 5.0 21.4
references R 53.8 274 6.6 9.2 4.4 8.6 11.0 6.2 66.5 3.3 8.1 21.9

aResults are expressed as means of three values except for polyphenols (six values). ® Percentage of weight.

Table 2. Correlation? between Sensory Attributes and Chemical Components of 24 Ecuadorian Cocoa Liquor

bitter- astrin- theo-
ness acidity gency fruity green bromine  caffeine acetic malic  oxalic citric pH glucose
bitterness
acidity 0.54*
astringency 0.80%** 0.61**
fruity —0.58* —0.69%**
green 0.75%** 0.53** 0.56**
theobromine 0.59** 0.54**
caffeine
acetic
malic
oxalic
citric —0.64%** —0.52*
pH =0.72% —0.69*
glucose —0.61**
fructose —0.60** —0.54** .73
sucrose —0.58**
polyphenols 0.84%** 0.79**  —0.64** 0.78** 0.75%* 0.55**  —0.60**

2 Only significant correlations (**, p < 0.01; *** p < 0.001) are shown.

values and the highest acetic acid concentrations. Indeed, duringr _—
the fermentation stage, acetic acid develops in the pulp through able 3. Effect of Fermentation Time on EET 95 Cocoa Flavor Score
. . . . . and pH
sugar degradation by microorganisms and then diffuses into the
Cotyledon g»), in which it generates a decrease of pH fro.5 fermentation time (days) cocoa flavor score? pr
to <5 (28). This indicates that acetic acid could be associated 2 45 64a
with acid flavor as was shown in a previous study). The 3 4.6 59D
influence of fermentation on pH was studied by analyzing liquor 4 5.0 53¢
made from EET 95 beans that were subjected to different 5 55 56d
fermentation times. As expected, pH was found to decrease
significantly as fermentation proceedéthble 3). Despite the @ Cocoa scores are means of two sampleg ta}sted by eight paqelists. f’R_elsults
fact that sucrose is being hydrolyzed during fermentation to are means of four values. The same letter indicates that there is no significant
glucose and fructose?), it was found to be quantitatively the ~ dierence (p < 0.05)
most important with concentrations ranging from 10.2 to 25.9 those cited in a previous review)(and why levels of sucrose
mg/g of DW of defatted material. This is probably due to the were higher than those of maximum 0.1% reported by Ziegleder
short fermentation (2 days), which limits the acetic acid and Biehl (2) for cocoa beans fermented between 4 and 6 days.
production and, thereby, the consequent drop of bean pH and Sensory Analysis of Cocoa Liquor.Concerning bitterness
sucrose hydrolysis. This would explain why the pH values found and the green note, values tended to be higher for clone EET
for the samples fermented for 2 days were high compared to 95 than for the selfed population coming from this genotype
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Table 4. Flavor Scores? for 24 Ecuadorian Cocoa Liquor

cocoa bitter- astring-
sample flavor ness acidity ency fruity floral green
EET 95 A 31 34 17 29 24 33 23
B1 29 4.0 31 34 17 17 2.6
B2 31 33 2.0 29 23 2.7 2.0
C 37 43 24 3.0 2.0 2.3 23
selfing progenies D1 34 3.3 33 2.7 24 2.3 2.0
D2 31 41 2.7 34 19 19 2.6
E 33 2.7 24 24 27 24 23
F 31 2.1 20 24 26 2.0 16
Gl 31 2.7 2.7 24 21 2.4 1.7
G2 34 33 24 24 29 1.9 2.0
H 29 2.4 13 21 24 2.3 14
| 33 2.4 19 23 3.0 2.7 13
J 3.0 31 2.0 2.6 2.7 24 19
K 30 33 29 39 1.9 1.9 17
L 3.0 3.0 24 29 23 2.6 14
M1 33 39 2.3 29 2.7 21 19
M2 33 34 24 3.0 2.0 23 2.3
N 30 37 1.7 31 2.0 2.1 19
01 29 2.3 13 2.0 27 2.3 17
02 31 24 14 21 31 23 16
or 31 2.6 21 23 26 1.9 19
P 31 2.4 14 21 34 2.9 1.6
Ecuadorian references Q 3.1 2.4 1.6 2.0 2.0 2.0 1.6
R 34 33 16 3.0 24 29 19

D24 K E
. - .
G2
3 o .J . e Gl
- Acetic acid Fructose
Acidity Glucose
B1 . F
. Astringency o *
Axis 1 Bitterness Gpge _p-Citricacid o p
[ Tl = — h
Polyphenols 5. ¥7c acid Fat — > Frity | ®
_B2 e 02 H
Theobromine. Caffeine o Sucrose
. '
M2 R® . 01 e O1
C 1 pH
* Ml
| ]
Q
*a

Axis 2 -
Figure 1. Principal component loading plots from chemical and sensory data of Ecuadorian cocoa liquor: (¢) EET 95 (A, B1, B2, C); (M) two reference

samples; (@) samples of the progeny. Axes 1 and 2 represent 36.3 and 19.1% of the variability, respectively. Each duplicate is annotated with the same
letter.

(Table 4). Liquor D2 had the highest scores for bitterness, note, and~30% of the total variance of these two attributes
astringency, and green note and the weakest score for fruity,was explained by the panelldble 5). The nonsignificant
and it had increased acidity. The correlation analysis performed variability of cocoa flavor was probably because of a weak
on the sensory data indicated that bitterness was correlateddevelopment of cocoa flavor upon 2 days of fermentation and
positively with astringency (= 0.80), green note (= 0.75) the difficulty for the panel to detect it. The effect of the

and acidity (r= 0.54) and negatively with fruityr(= —0.58). fermentation time on the development of the cocoa flavor was
Astringency was correlated negatively with fruity= —0.69) confirmed by tasting liquor made from EET 95 beaiialfle
and positively with acidity(= 0.61) and green note & 0.56) 3). This experience showed that samples with longer fermenta-

(Table 2). An ANOVA was performed to quantify the extent tion had higher cocoa flavor. This result is in agreement with
of the origin of the variability that was due to the panel and the recent finding of Cros et al. (3). With regard to bitterness,
due to the liquor. There were no significant differencep at significant differences were detected only for liqudable 5).

0.05 between the liquor concerning cocoa flavor and the floral For acidity and the green note, significant differences between
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Table 5. Origin of the Variability of the Sensory Evaluation on 24 polyphenolic compounds3{). In addition, the results show that
Ecuadorian Liquor the higher the level of polyphenols, the less fruity were the cocoa

liquor. It is conceivable that bitterness and astringency, both

. . N -
variable iuor V?”ance panel variance related to polyphenols, mask the fruity flavor.
cocoa flavor NS! 30.QxxHxx L .
bitterness 38, Qre NS The notable diminution of alkaloids and polyphenols levels
acidity 35, grier 17,300 found in the selfed progeny samples compared to the hetero-
;Eti:mgency %S: ggg:::: zygous clone EET 95 point to a possible influence of the
ﬂorgl NS 27 Gt genotype on alk_aloid and polyphenql content with a consequent
green 24.7% 12.2% impact on the bitter, green, and astringent noi€s.(However,
a physiological effect on the chemical and sensorial differences
“Expressed as percentage of the total variance. **=**, significant at p < between the parental clone and the progeny cannot be excluded,
0.000001; ***, significant at p < 0.00001; ****, significant at p < 0.0001; **, as illustrated by the fact that clone EET 95 used in the study

ot cant at | , Sinficant : _
significant at p < 0.01; *, significant at p < 0.05. ® Not significant was~5 years older than the segregating population.

the samples originated for the most part from the liquor. Liquor
and panel variances were approximately equal for the fruity ACKNOWLEDGMENT
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