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Abstract

In this study, we analysed cocoa (a dried and fully fermented seed of Theobroma cacao
L.) from two Amazonian cultivars and a commercial sample of the Amazonian variety
EETP801, grown under sustainable organic conditions, in comparison to CCN51 cocoa
grown on a neighbouring commercial farm using standard practises and a European
commercial cacao powdered beverage. The overall metabolite profile of the 70% aq ace-
tone sample cocoa extracts was analysed using high-performance TLC analyses (HPTLC),
and the xanthine alkaloids were analysed using quantitative liquid chromatography-UV
photodiode array (HPLC-DAD) analyses. The volatile fraction in the headspace of the
freshly ground cocoa was subjected to solid phase micro-extraction and analysed by gas
chromatography—mass spectrometry (HS-SPME/GC-MS). Total polyphenol content was
determined by the Folin—Ciocalteu method. Despite the reduced production of cocoa by
the EETP801 cultivar in comparison with the CCN51 cultivar, the obtained produce is
significantly richer in theobromine (130 mg vs. 170 mg per g of cacao), with CCN51 having
a double concentration of theophylline (12.6 vs. 6.5 mg per g of cacao). Qualitatively, the
two Amazonian cocoa samples had a similar polyphenolic composition (per the HPTLC
fingerprint). HS-SPME/GC-MS analyses revealed that all the samples show a sponta-
neous emission profile mainly rich in non-terpene derivatives, of which hydrocarbons and
pyrazines are the most abundant groups. The most represented volatile organic compound
is n-tridecane for both EETP801 and CCN51. The variability in the artisan fermentation
and roasting processes influenced certain aspects of the volatile composition as reflected
by the trimethyl pyrazine/tetramethyl pyrazine ratio, which was zero in EETP-801 and
lower than 1 in CCN51. Acetic acid was absent in CCN51 but significant (c.a. 5.5.%) in
EETP801 and the commercial samples. The cultivar EETP801 is a viable option for a more
ecologically conscious sector of the cocoa beverages consumer group.
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1. Introduction

The earliest evidence of cocoa drink consumption dates back to the Early Formative
Period (1900-900 BC) in Mesoamerica. The Mokayan people on the Pacific coast of Chiapas,
Mexico, were consuming cacao drinks by 1900 BC. However, the earliest written references
to cocoa drinks come from the Mayan civilisation, who called it “xocolatl” (meaning “bitter
water”) [1]. Today, it is among the most traded commodities in the drinks industry, along
with tea and coffee [2,3].

The development of cocoa beverages still faces challenges due to the peculiarities of
its composition, dominated by lipids and polyphenols. The main issues during production
are sedimentation and layer formation, but marbling and curdling might also occur [4].
The content of stimulant alkaloids and cardiovascular protecting/antioxidant/antidiabetic
polyphenols [5,6], as well as the sustainability of the production of cocoa beverages [7],
have added pressure to these challenges as the consumers’ base grow more conscious of
the health value and environmental footprint of their choices [8].

There are many steps and factors in the cocoa beverage production process—mainly
fermentation and roasting—that can affect the content of “bioactive” polyphenols. To com-
pensate for this loss, there is an increased interest in replacing them by adding polyphenols
from other herbal sources. It is an important requirement to expand academic studies to en-
rich products with bioactive components during mixing and production without affecting
the quality parameters such as the aroma and colour of cocoa-based beverages [4,9].

The chocolate industry has changed to a much higher demand for certified cocoa
(Rainforest Alliance, UTZ, FairTrade) [10]. Companies like Mars have stated that by 2020,
all their cocoa will be certified sustainable [11]. By this time, demand for cocoa is predicted
to surpass the available supply by more than one million tons [7]. There is, therefore, a
need for new sustainable and fair-trade sources of cocoa.

Ecuador is a region where cocoa is farmed by different communities such as Afro-
Ecuadorian, Mestizo and Indigenous. All of them face the dilemma of the sustainability
performance between fine flavour cultivars (collectively known as “Complejo Nacional”
cultivars) vs. the most productive but less flavoured cultivars such as CCN-51 [12]. In 2011,
The Iamoe Center started an experiment growing a native Amazonian cultivar of cocoa,
commonly named “Nacional 801” or “Fino Pichilingue” and classified by the International
Cocoa Germplasm Database as “EET-801” or “EETP-801" [13] relatively dispersed within a
defined plot under the rainforest canopy. Aspects of its morphology are shown in Figure 1.

Figure 1. Above: EETP801 pods from Iamoe Centre (Dayuma, Ecuador) at two maturity stages.
Below: characteristic purple CCN51 pods from a neighbouring plantation (Dayuma, Ecuador)
(Credits: Dr. Viteri).
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It was therefore our aim to examine the composition of this Amazonian cocoa in
comparison with the more productive but less sustainable cultivar CCN51 in terms of
volatiles and polyphenols.

2. Materials and Methods
2.1. Plant Materials

Cocoa beans, defined as the dried and fully fermented seed of Theobroma cacao L. from
two Amazonian cultivars and a commercial sample, were sampled.

Seeds of the EETP-801 cultivar (also known as “Fino Pichilingue”) [14] were acquired
from the Ecuadorian National Institute for Agricultural Research (INIAP) and grown
under organic conditions in a shaded area of primary rainforest (Lat 0, 41’ South, Lon
76, 50" West, Altitude 260 m). Only organic kitchen waste, coffee grounds and rice hulls
were used to support the growth of the plants. Not any kind of fertiliser or pesticide
was applied. They yielded the first fruits after 15 months only. The seeds were collected,
dried, roasted, peeled and ground within the premises of the lamoe Centre (Kupi Village,
Dayuma Parish, Francisco de Orellana Province, Ecuador) following traditional, fully
manual processing techniques.

Cocoa samples from the high-yield cultivar CCN-51 (INIAP, Quito, Ecuador) grown
under non-organic conditions in a neighbouring, deforested area of lamoe Centre were
collected by Dr. Rocio Alarcén and Dr. M. Viteri with the owner’s permission.

A commercial pure defatted cocoa powder (Chocolate Valor S.A., Villajoyosa, Spain)
was bought in the supermarket and used for comparison with the Amazonian samples.
The manufacturer’s labelling declares a 16% fat content and no added sugars. It did not
claim to be organic.

2.2. Extraction

Cocoa samples of 0.25 g were extracted in 5 mL acetone and water (70:30 v/v) in a
15 mL test tube shaken for 20 min.

After the extract was separated by centrifugation (1600 rpm for 10 min), it was filtered
with a 0.22 um pore filter and aliquoted into 1.5 mL glass vials. The extract was used in the
subsequent analyses.

2.3. Phenol Content Determination by the Folin-Ciocalteu Method

The samples were dissolved in methanol 4.12 mg/5 mL. An amount of 50 uL of each
filtered extraction solution was transferred to a 15 mL test tube with 3,5 mL of water.
After swirling the contents, 250 uL of Folin—Ciocalteu’s phenol reagent was added, and
the solutions were swirled again. After 8 min, 750 uL of sodium carbonate solution was
filled up to 5 mL exactly with water. UV absorption was measured 2 h after the carbonate
solution was added, at 610 nm.

The percentage of total phenols in extracts was calculated using the following equation:

Total phenOIS % =100 x (Asample X Astandard)/ (Astandard % Csample)

where A denotes absorption, and C denotes concentration. The absorbances of blank
experiments were subtracted from the absorbances of samples. Blanks were prepared the
same way as samples by changing the Folin-Ciocalteu reagent with water.

2.4. High-Performance Thin Layer Chromatography (HPTLC)

Extracts were diluted to a concentration of 50 mg/mL in methanol. Control com-
pounds were prepared at a concentration of 1 mg/mL, also diluted in methanol. A CAMAG
Linomat 5 was used to apply 5 uL of the samples onto TLC silica gel 60 F254 aluminium
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sheets. The plates were developed using a CAMAG ADC2 automatic developing cham-
ber. The method included 30 s pre-drying, a 10 min humidity control using magnesium
chloride to 48.3% relative humidity and a 20 min saturation time using saturation pads, all
performed at 25.2 °C. The mobile phase used was ethyl acetate/formic acid/water (82:9:9).
During development, the solvent front was allowed to migrate 80 mm before a drying time
of 5 min. For derivatisation, we used the natural products reagent (NPR) followed by PEG
4000. All visualisation and analyses were performed using a CAMAG TLC visualiser both
before and after derivatisation.

2.5. High-Performance Liquid Chromatography (HPLC)

The HPLC unit used in this study was an Agilent 1200 series. The HPLC conditions
used were Evo Biphenyl (Phenomenex, Macclesfield, UK) 150 x 4.6 mm column, a flow
rate of 1 mL/min, an injection volume of 10 pL for samples and 5 uL for standards,
column oven temperature of 35 °C and a gradient mobile phase as follows: 0 min—90%
acid water (0.001% H3POy,) 10% acetonitrile and 30 min—10% acid water (0.001% H3PO,)
90% acetonitrile.

2.6. Headspace (HS) Solid Phase Micro-Extraction (SPME) of Volatiles

Each sample, once ground, was put in a glass vial closed with aluminium foil and left
to equilibrate at room temperature for 30 min. Supelco SPME (Solid Phase Micro-Extraction)
(Merck KGaA, Darmstadt, Germany) devices coated with polydimethylsiloxane (PDMS,
100 um) were used to sample the headspace. SPME sampling was performed using the
same new fibre, preconditioned according to the manufacturer’s instructions, for all the
analyses. Sampling was accomplished in an air-conditioned room (22 & 1 °C) to guarantee
a stable temperature. After the equilibration time, the fibre was exposed to the headspace
for one hour for each sample. Once sampling was finished, the fibre was withdrawn into the
needle and transferred to the injection port of the GC-MS system. The desorption conditions
were identical for all the samples. Furthermore, blanks were performed before each first
SPME extraction and randomly repeated during each series. Quantitative comparisons of
relative peak areas were performed between the same chemicals in different samples.

2.7. Gas Chromatography—~Mass Sepctrometry (GC-MS) Analysis of Volatiles

GC-MS analyses were performed using a Varian CP-3800 apparatus equipped with
a DB-5 capillary column (30 m x 0.25 mm i.d., film thickness of 0.25 pm) coupled with a
Varian Saturn 2000 ion-trap mass detector. The oven temperature was programmed to rise
from 60 °C to 240 °C at 3 °C/min; injector temperature, 250 °C; transfer-line temperature,
240 °C; carrier gas, He (1 mL/min).

The identification of the constituents was based on the comparison of their retention
times (tR) with those of pure reference samples and their linear retention indices (LRIs)
determined relative to the tR of a series of n-alkanes. The mass spectra were compared with
those listed in the commercial libraries NIST 14 and ADAMS, a homemade mass-spectral
library built from pure substances and components of known mixtures, and MS literature
data [15-21].

2.8. Statistical Analyses

Statistical analyses were performed with GraphPad Prism v. 5 using a one-way
Analysis of Variance (ANOVA) and a multiple comparison test (Tukey’s HSD). Other basic
statistical calculations (averages, SD, SEM, etc.) and figures were performed with the help
of Excel (Microsoft, Redmond, WA, USA).
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3. Results
3.1. Total Phenol Content

The content of phenols calculated as per the Folin-Ciocalteu’s method showed that the
CCNG51 cultivar had a significantly higher content (p < 0.01) followed by EETP801, which

was also significantly higher (p < 0.01) than the commercial sample. The latter had a lower
content, probably due to the industrial processing (Figure 2).

Commercial - |[NE-
const I I . ab

0 1 2 3 4 5
Total phenols content (%)

Figure 2. Total phenols content measured by the Folin—Ciocalteu method. (a) CCN51 vs. commercial
(p < 0.01); (b) CCN51 vs. EETP801 (p < 0.01); (c) EETP801 vs. commercial (p < 0.01) according to
Tukey HSD.

3.2. HPTLC Anlysis of Cocoa Samples

The overall fingerprint of the pure Amazonian cocoa samples EETP801 and CCN51
was obtained using high-performance thin-layer chromatography (Figure 3). The standards
used included kaempferol, catechin gallate, epicatechin, epigallocatechin gallate, gallic acid,
chlorogenic acid, rutin, ferulic acid and hesperidin. Only catechin was unambiguously
identified in the cocoa samples.

Figure 3. Cont.
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Figure 3. Representative HPTLC analysis of cocoa samples (mobile phase ethyl acetate/eater/formic
acid/acetic acid (100:11:11:27): (a) no derivatisation, UV light (235 nm); (b) no derivatisation, UV
light (366 nm); (c) derivatisation with 5% NPR + PEG4000, Vis light (380 to 750 nm). The three last
lanes on the right are ETTP801 (“Cacao Iamoe”), CCN51 (“Cacao vecinos”) and commercial sample
(“Cacao Commercial”).

3.3. Analysis of the Volatile Metabolites of the Amazonian Samples

In terms of volatiles, all the samples show a spontaneous emission profile (Table 1),
mainly rich in non-terpene derivatives, of which hydrocarbons and pyrazines are the most
abundant groups. For EETP801 and CCNb51, n-tridecane is the most represented volatile
organic compound, whilst 2,3,5,6-tetramethyl pyrazine (TMP) is the most abundant volatile
in the headspace of the commercial chocolate (Figure 4).
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Table 1. Volatile compounds identified in cocoa samples by HS-SPME/GC-MS.
Constituents LR.I.? Relative Abundance (% + SD)
Commercial CCN51 EETP801
acetic acid 599 5.52 +0.19 -b 5.56 + 0.37
ethyl acetate 616 7.58 £ 0.29
2,3-butanediol 799 5.78 £0.17 224 +0.14
2-methyl pyrazine 833 1.21 +0.13 0.33 £ 0.04 1.04 + 0.08
isovaleric acid 834 1.03 £ 0.09 0.99 + 0.12 0.60 = 0.04
2-methylbutanoic acid 860 0.55 £ 0.07 0.39 £ 0.02
isopentyl acetate 876 0.15 £ 0.02
2-heptanone 891 0.90 £0.13
2-heptanol 902 3.29 £0.19 0.88 £ 0.04
2,6-dimethyl pyrazine 910 3.18 £0.16 1.73 £ 0.11 5.10 £ 0.33
2,5-dimethyl pyrazine 920 0.90 £0.14
2-ethyl pyrazine 925 1.51 £0.11
2,3-dimethyl pyrazine 930 0.96 £ 0.05 0.60 £ 0.04 1.02 + 0.05
benzaldehyde 963 2.06 £0.11 0.63 £ 0.06 0.77 £ 0.07
myrcene 993 0.85 4 0.07
2-ethyl-6-methyl pyrazine 1001 1.42 + 0.08 0.75 £ 0.09 1.44 +0.12
2,3,5-trimethyl pyrazine 1005 5.64 £ 0.30 484 £0.16 6.45 + 0.46
limonene 1032 1.26 + 0.16 1.72 +0.14 0.76 £0.03
(Z)-B-ocimene 1042 1.31 £0.10
(E)-B-ocimene 1052 0.22 £ 0.02
acetophenone 1068 0.47 £ 0.04 0.63 £ 0.02
trans-linalool oxide (furanoid) 1076 1.40 +£0.10 1.09 £+ 0.09
2,6-diethyl pyrazine 1080 3.57 £0.30 2.58 £0.16 6.31 £0.35
2,3,5,6-tetramethyl pyrazine 1086 10.04 &+ 0.55 9.60 £ 0.36
cis-linalool oxide (furanoid) 1090 5.53 +0.23
2-nonanone 1093 1.05 + 0.06 710 £ 0.28 113 +0.15
n-undecane 1100 1.19 £ 0.05 0.87 £ 0.07
linalool 1101 1.01 + 0.05 8.64 £ 0.30 2.66 £ 0.15
nonanal 1102 1.01 £ 0.04 1.16 £ 0.08
isodihydrolavandulyl aldehyde 1110 2.01+0.22
phenylethyl alcohol 1111 1.15 + 0.06
trans-limonene oxide 1141 0.14 £ 0.01
5H-5-methyl-6,5-dihydrocyclopentapyrazine 1142 0.32 £ 0.07
camphor 1143 0.63 £0.16 0.27 £ 0.05 0.36 £ 0.06
3,5-diethyl-2-methyl pyrazine 1156 0.78 = 0.10 0.27 +0.03 0.99 £+ 0.21
2,3,5-trimethyl-6-ethyl pyrazine 1163 0.83 £ 0.04 0.80 £ 0.10 1.59 + 0.20
tetrahydrolavandulol 1168 0.19 = 0.02
trans-linalool oxide (pyranoid) 1177 0.93 £ 0.08
a-terpineol 1191 0.17 £ 0.02
1-dodecene 1192 1.58 + 0.19 0.42 + 0.06
n-dodecane 1200 1.96 + 0.11 8.90 £ 0.38 8.53 £0.34
decanal 1204 0.40 = 0.09
2,5-dimethyl-3-(2-methylpropyl) pyrazine 1208 2.07 £0.14
2-phenylethyl acetate 1258 2.69 +0.12 2.61+0.19 1.45 £+ 0.09
1-tridecene 1292 5.12 £0.19 0.30 £ 0.04 0.61 £ 0.08
2-undecanone 1294 0.46 + 0.04
2,5-dimethyl-3-(3-methylbutyl) pyrazine 1298 1.62 = 0.15
n-tridecane 1300 4.08 £0.12 11.37 + 0.45 16.44 + 0.96
1-nonanol acetate 1312 0.48 + 0.04
(Z)-2-tridecene 1315 0.12 £0.03 0.42 £0.04
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Table 1. Cont.

Constituents L.RI.2 Relative Abundance (% £ SD)
Commercial CCN51 EETP801
geranyl acetate 1385 1.26 + 0.08
isolongifolene 1387 0.27 £ 0.05
1-tetradecene 1392 6.37 £ 0.25 0.19 £ 0.05
ethyl decanoate 1395 0.90 &+ 0.05 0.65 + 0.10
-longipinene 1398 3.31 +£0.18 3.18 £ 0.15
n-tetradecane 1400 5.88 + 0.33 1.91 +£0.10 3.50 + 0.55
longifolene 1403 0.48 + 0.08 0.98 +0.11
[3-caryophyllene 1420 0.33 +£0.03 0.70 £ 0.10
a-neo-clovene 1454 0.74 £ 0.07 0.58 + 0.06
y-muurolene 1477 0.39 + 0.04
cis-B-guaiene 1490 0.23 £0.02
epizonarene 1497 0.54 +0.05
o-muurolene 1498 0.19 £ 0.03 1.17 £ 0.09
n-pentadecane 1500 7.00 £ 0.37
trans-y-cadinene 1513 1.11 £ 0.10
d-cadinene 1524 0.49 £ 0.10 3.13+£0.14
ethyl dodecanoate 1596 1.63 £0.13 1.75 £ 0.10
n-hexadecane 1600 1.66 +£0.17 0.40 + 0.03 0.96 + 0.05
1-tetradecanol 1676 1.37 + 0.11
n-heptadecane 1700 2.35 £0.12
Total identified: 96.87 97.39 94.60

a L RL: Linear Retention Index; ® not detected.

Non-terpenes

Terpenes Acids
Monoterpene 40
hydrocarbons
12 . 30
Pyrazines Alcohols
10 20
Q
5 W
6 !
4 ()
y Ketones / Aldehydes
PN /)
\\ Hydrocarbons Esters
Sesquiterpene 2. Oxygenated
hydrocarbons monoterpenes
e EETP801 CCN51 Commercial

Figure 4. Comparison of the main chemical families found in the volatile profile of the cacao samples.

3.4. Quantitative Analysis of the Xanthine Alkaloids in Cocoa Samples

Xanthine alkaloids, the stimulant bioactive ingredients of cocoa, were separated
and quantified by HPLC-UV, showing the following order of elution: theophylline
(Rt = 2.1 min), theobromine (Rt = 3.1 min) and caffeine (Rt = 5.3 min).

All the samples showed theobromine as their most prominent one, followed by theo-
phylline and caffeine, with EETP801 showing the highest content in theobromine (Figure 5).
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Figure 5. Concentration of xanthine alkaloids (mg alkaloid per gram of cocoa) in the samples. All
values within each series are significantly different from each other (p = 0.01), according to Tukey HSD.
(a) CCN51 vs. commercial (p < 0.01); (b) CCN51 vs. EETP801 (p < 0.01); (c) EETP801 vs. commercial
(p < 0.01) according to Tukey HSD.

4. Discussion

The total polyphenol content measured by Folin-Ciocalteu using caffeic acid as stan-
dard showed that it is slightly higher in CCN51 than in EETP801, at 4.42% and 3.09%,
respectively, and significantly higher than in commercial cocoa, at 2.21%.

In terms of volatiles, all the samples show a spontaneous emission profile mainly rich
in non-terpene derivatives, of which hydrocarbons and pyrazines are the most abundant
groups. For EETP801 and CCNGb51, n-tridecane is the most represented volatile organic
compound, whilst 2,3,5,6-tetramethyl pyrazine (TMP) is the most abundant volatile in the
headspace of Valor chocolate.

Pyrazines are important aroma-active compounds in chocolate volatile emissions.
Apart from tri- (TrMP) and tetra-methyl pyrazines (TMP), which are produced during
the fermentation process by bacterial enzymes [15,16], pyrazines are developed during
the Maillard reactions, which take place during the roasting phase of cocoa seeds. Their
total abundance reflects the degree of fermentation and the overall aroma potential [17].
Tetramethyl pyrazine was not detected in the Jamoe sample, whilst it represents 9.60 and
10.04% in CCN51 and commercial samples, respectively (see Table 1). TMP confers positive
characteristics to chocolate flavour: it is described as a green aroma contributor to cocoa,
with coffee- and cocoa-like attributes [15,18,19]. The second most represented pyrazine in
the samples is 2,3,5-trimethyl pyrazine, representing 6.45, 4.84 and 5.64% in EETP801 and
CCN51 and commercial samples, respectively. It is a positive aroma contributor described
as green, thum-, cocoa- and roasted nuts-like [15,18]. The TMP/TrMP ratio is an important
parameter for evaluating the degree of roasting: the higher the ratio, the better the roasting
conditions [20]. Therefore, CCN51 and commercial samples have undergone better roasting
conditions than the EETP801 sample.

Other typical and positive attributes of chocolate come from the ester’s bouquet of
chocolate headspace: they are aroma-active compounds with low odour thresholds and
confer fruity and floral notes to the final product [15]. 2-Phenylethyl acetate is detected in
all the samples, accounting for 1.45, 2.61 and 2.69% in EETP801 and CCN51 and commercial
samples, respectively. Its aroma contribution is perceived as positive, as it has rose, honey
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and tobacco-like notes [21]. Ethyl acetate was only detected in the CCN51 sample, account-
ing for 7.58%. Its aroma contribution is defined as sweet and fruity [21], so its presence is
desirable. It is developed during the fermentation as a product of esterification from acetic
acid and ethanol [22]: in the CCNb51 sample, acetic acid was not detected, presumably
because it has all been converted in ethyl acetate through this esterification reaction and/or
volatilised during the roasting phases.

Aldehydes, particularly those derived from Strecker degradation like benzaldehyde
and phenyl acetaldehyde, are relevant in the perception of a desirable cocoa aroma [17,23].
Benzaldehyde confers a bitter final aroma to chocolate [15]: in EETP801 and CCN51, it
was detected in low amounts (0.77 and 0.63%, respectively), whilst its relative abundance
is more significant in the commercial sample, where it accounts for 2.06%. According
to Bonvehi [15], the presence of aliphatic aldehydes is favourable, as they confer fruity
and flowery notes to the final product: nonanal accounts for 1.16 and 1.01% in EETP801
and commercial samples, respectively, whilst decanal is only detected in CCN51, where
it accounts for 0.4%. Aldehyde’s behaviour is like that of pyrazines, as their relative
abundance is lower in less fermented chocolate: the commercial sample seems more
fermented than EETP801 and CCN51.

The only relevant non-terpene ketone detected is 2-nonanone, whose relative abun-
dance is particularly significant in the CCN51 sample, where it accounts for 7.10%. Its
aroma contribution is positive, as it is described as fresh and sweet [15].

Volatile acids are critical for the consumer appreciation of the final product: high
amounts (over 1%) of these compounds are undesirable, as they confer unpleasant rancid
notes to chocolate [15]. Among these, acetic acid is the most important contributor, as
it generally is the most abundant one and tastes more acidic than the other acids [24].
They are produced during the fermentation phase and are then released during the drying
and roasting phases. Acetic acid relative abundance is significant in EETP801 and the
commercial samples, as it accounts for 5.56 and 5.52%, respectively. The reasons could
be different: (i) the raw seeds were particularly rich in acid content to begin with, which
is generally the case for low-quality varieties of cocoa (like other cocoa cultivars such as
Trinitario and Forastero); (ii) the drying phase was conducted with forced air drying and/or
at high temperatures, which hardened the husks and did not permit the volatile acids
release; (iii) incomplete or inadequate roasting. Acetic acid was not detected in the CCN51
sample headspace. Another negative contributor to chocolate taste is 2-methylbutanoic acid,
in which the aroma notes are described as rancid and sweaty [15,25,26]. It was detected
only in EETP801 and CCN51 samples but with low relative abundance, as it accounts for
0.39 and 0.55%, respectively.

The HPLC-UV analyses of the characteristic stimulant xanthine alkaloids of cocoa bev-
erages showed that the organically grown EETP801 is significantly richer in theobromine.
The samples were similar in their contents of theophylline and caffeine. Theobromine
is a sought-after bioactive ingredient in the wellness industry, both as nutraceutical and
cosmeceutical [9].

The use of different varieties (or clones) of cocoa started in response to the devastating
incidence of “witches” broom” disease in Ecuador by 1960, caused by the fungi Monilioph-
thora perniciosa. The highly productive and adaptable CCN 51 clone was obtained from
the crosses (IMC-67 X ICS-95) * “Canelo” (Oriente 1). It rapidly spread to neighbouring
countries, but research continued to try and improve some challenging traits particularly
the lack of the valuable fine-flavour profile of “Nacional type” (such as the “EET-xxx” clone
series). The EETP clone series, such as EETP-800 and EETP-801, are cultivars recently
released by the INIAP from the cross between CCN 51 x EET-233. Interestingly, EETP-801
has shown a low susceptibility to frosty pod rot disease and a medium incidence of witch’s
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broom infection. The high endurance of INIAP clones and productivity between 1 to
1.2 t/ha in comparison to CCN51 productivity oscillated between 1.5 and 2 t/ha, indicating
its promising value. Recently, the breeders expected an increase in productivity up to
2 t/ha, keeping the quality of nacional cacao [13,27].

In our case, we cannot provide a meaningful calculation of the yield per hectare as
the tress are grown ecologically dispersed under the canopy of the rainforest. Previous
studies have shown that this “informal setting, small-scale cocoa farming” may achieve
a satisfactory level of economic and environmental robustness, but it is not exempt from
difficulties [28]. This is exactly the sustainability aspect of our approach, and the difficulty
is that harvesting must be performed manually by the local people, knowing where the
trees are located. Growing EETP801 in this manner is more sustainable as it can thrive
under the natural canopy, whilst CCN51 needs to grow in full sunlight to reach its highest
potential [27]. Therefore, farmers do not hesitate to opt for deforestation of their plots thus
leading to soil degradation [29] and loss of pollinators [30]. In our experiment, we planted
400 EETP801 seedlings 13 years ago. At the age of 3 years, it gave its first harvest. About
50 plants have died for different reasons in the past 13 years (drought and strong winds
cause trees to fall on them). The average amount of cocoa beans produced per year is ca
45 kg in a single annual harvest. This variety does not produce two harvests per year as
CCNS51 does [27].

The interest of a “health-conscious beverages consumer base” is warranted for the
EETP801 variety as it has a significantly higher content in theobromine. This xanthine
alkaloid is endowed with numerous potential health benefits [31]. Gao et al. [32] reported
that daily intake of theobromine was associated with better cognitive performance. Further-
more, Lee et al. [33] stated that theobromine has been demonstrated to act as an immune
response stimulator and might have protective effects against inflammatory disorders.
In addition, Camps-Bossacoma et al. [34] observed that theobromine in cocoa plays an
immunoregulatory role in systemic and intestinal antibody concentrations. Wei et al., [35]
study results showed theobromine improved dyslipidemia, decreased body weight and
fat mass, mitigated liver injury and significantly reduced hepatic triglyceride level in mice
with obesity. Noteworthy, the combination of theobromine and caffeine in cacao beverages
seems to have the expected benefits of methylxanthines with lower secondary effects such
as insomnia or anxiety [36].

Before scaling up the ecological agroforestry production of the EETP801 variety, we
need to address some limitations of the present study, such as the influence of environ-
mental factors on the potential phytochemical variability of the product during a longer
time frame, plus further fine-tuning in the traditional processing methods. In line with the
findings of Silva et al., there is a need for standardisation in the pre-processing of cocoa to
truly understand variations in the quality of the beans among producing regions [37].

Last but not least, the degree of acceptance/integration of this commercial activity in
the surrounding Indigenous community is a key factor in the resilience to deforestation
driven by the community’s changing needs and pressures from external stakeholders.
Hopefully, EETP801 agroforestry may help stabilise the frontiers of Amazonian forest in the
buffer zone of the Yasuni Park, a designated UNESCO Biosphere Reserve, and the welfare
of communities adjacent to the Waorani Ethnic Reserve.

5. Conclusions

Despite the lower cocoa yield of the EETP801 cultivar compared to CCN51, the
EETP801 cultivar’s produce boasts a higher theobromine content. While the overall
polyphenolic composition of EETP801 is qualitatively similar to CCN51, the latter ex-
hibits a richer quantity of these metabolites. Both Amazonian cacao varieties exhibit a
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superior fragrance profile compared to the commercial sample, although the artisan fermen-
tation and roasting processes introduced some variability in volatile composition. EETP801
may represent a viable and sustainable option for the ecologically conscious cocoa beverage
consumer that truly contributes to local communities in resource-limited areas of the planet
if properly and sensibly scaled up.
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