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A B S T R A C T

Chemical transformations of Amadori compounds are responsible for the formation of aroma volatiles at the end
of the Maillard reaction cascade, which in turn contributes to unique organoleptic characteristics of chocolate. A
large amount of short peptides reported in fermented cocoa suggests the existence of a much larger variety of
these flavor precursors than previously suspected. An HPLC-MS-MS study was performed on dried Malaysian
cocoa beans to identify novel Amadori and Heyns compounds. In total, 34 species were found, including 26
previously unknown derived from di- and tripeptides. We illustrate how the structures were elucidated via
tandem MS experiments, as well as present a comparative study on their relative quantities in samples coming
from 11 countries of origin. There were significant differences between them, and discrimination was possible by
principal component analysis based on Amadori content alone. However, the PCA separation could be a result of
various post-harvest practices exerted among said countries.

1. Introduction

Chocolate production, from the bean to the factory, involves many
processes, which involve slight to drastic elevations of the temperature.
During cocoa beans fermentation, the temperature reaches approxi-
mately 50 °C (Lagunes Gálvez, Loiseau, Paredes, Barel, & Guiraud,
2007; Camu et al., 2008). Although it is difficult to establish it for
traditional drying methods such as sun-drying, artificial drying is per-
formed at roughly 60 °C (Rodriguez-Campos et al., 2012). Roasting
takes place under the roughest conditions, with the final temperature
reaching between 110 and 140 °C (Beckett, 2009). Increasing the in-
tensity of thermal treatment lets the cocoa develop its extraordinary
character. Paired with its unique composition, it enables many intricate
chemical reactions to occur. Most prominently, the Maillard reaction,
which starts with transformations arising from the reaction of amino
acids or peptides and sugars. It can be initiated even at room tem-
perature; however, it becomes dominant in temperatures above 100 °C
(Ruan, Wang, & Cheng, 2018). It has an enormous effect on the orga-
noleptic properties of foods as it produces many aroma volatiles as well
as colored polymers (Yaylayan, 2003). Hence, it is important to the
food industry as it influences the product quality of heated foods (Ames,
1990, 1998). The first major stable compounds of the Maillard reaction
are Amadori and Heyns compounds, condensation, and rearrangement
products of amino acids with either glucose or fructose, respectively.

They are of most importance as their thermal degradation directly leads
to the formation of aroma compounds and melanoidins (brown pig-
ments). They are very well studied in model systems (Hofmann &
Schieberle, 2000; Davidek, Clety, Aubin, & Blank, 2002) as well as they
were detected in some foods (Meitinger, Hartmann, & Schieberle, 2014;
Yuan, Sun, Chen, & Wang, 2016, 2017). Additionally, they have gained
much attention after the discovery of their formation in physiological
conditions and their involvement in the generation of advanced gly-
cosylation end products (AGEs) (Singh, Barden, Mori, & Beilin, 2001;
Horvat & Jakas, 2004). More importantly, Amadori compounds of di-
peptides were found in model systems. It was shown that their de-
gradation produces more variety of pyrazines than their amino acid
counterparts (Zou, Liu, Song, & Liu, 2018). Hence, the importance of
studying them in an actual food matrix arises. So far, there were only a
few single amino acids Amadori compounds identified in cocoa
(Meitinger et al., 2014). However, taking into account many short
peptides found across cocoa fermentation (D’Souza et al., 2018) and the
mild conditions needed to generate Amadori compounds, more variety
should exist in the raw material for chocolate production. Thus, we
present an HPLC-MS-MS study on Malaysian cocoa beans, which aimed
to identify more novel Amadori compounds in dried cocoa beans. Ad-
ditionally, for the first time, we present a comparative analysis of re-
lative quantities of Amadori compounds in different cocoa samples.
This research can help with differentiation as well as establishing
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quality standards for dried cocoa beans.

2. Material and methods

2.1. Chemicals and reagents

Acetone, dichloromethane, HPLC-grade acetonitrile, HPLC-grade
isopropanol, HPLC-grade methanol, and petroleum ether were supplied
by Carl Roth (Germany). Acetic acid, formic acid, hesperetin, and so-
dium hydroxide were supplied by Sigma-Aldrich (Germany). Milli-Q
water (18.2 MΩ•cm at 25 °C) was used in all the experiments per-
formed.

2.2. Sample collection and preparation

A sample of fermented and dried cocoa from Malaysia (internally
labeled as MC01) was supplied by Barry Callebaut AG. This sample was
used for the tandem MS identification of novel Amadori compounds. It
was taken from a farm near Kuala Lipis, Malaysia, and belonged to the
PBC 123 clone. It was harvested as a part of the main crop in January
2016. The cocoa beans were fermented for 144 h and then dried for
96 h. After the shipment, the sample was stored at 4 °C before any
processing.

There were thirteen additional samples obtained by Barry Callebaut
AG in order to perform relative quantification of Amadori compounds
and discriminant analysis. They came from: Brazil (BC03), Cameroon
(PC20), Dominican Republic (E2), two from Ghana (PD04 and PD08),
Indonesia (IA03), two from Ivory Coast (PD07 and PD11), Java (PC23),
Madagascar (PC21), Papua New Guinea (PC18), Nigeria (NE01), and
San Thome (PC19). The Brazilian sample (BC03, CCN-51 hybrid) was
harvested on Copa70 estate (GPS 14° 02′ 53′'S, 039 °23′ 02″W), and
within 12 h, the fermentation was started. The beans were fermented
for 6 days and directly after sun-dried. It was noted that the crop yield
and quality was poor because of a very dry period at that time. The
sample from Indonesia (IA03, TSH 858 hybrid) was obtained from Pt
Bumiloka estate near Sukabumi, Jakarta. The beans were fermented
12 h within harvest, which lasted for 6 days, followed by 7 days of sun-
drying. The post-harvest treatment of the remaining samples is un-
known.

Approximately 30 g of cocoa beans from each sample were de-
shelled and ground to a fine powder using a knife mill (Retsch
Grindomix GM200, Germany) at 10,000 rpm. Obtained ground powder
was stored at 4 °C until further processing. The powder was defatted for
8 h using petroleum ether as an extraction solvent in an automated
Soxhlet extraction apparatus (Büchi B-811, Germany). The defatted
powder was dried under vacuum and stored at 4 °C until further use.

2.3. Extraction

Extraction of the sample for Amadori compound identification as
well as relative quantification of both Amadori compounds and oligo-
peptides was performed according to a previously established protocol
(D’Souza et al., 2018). 5 mL of extraction buffer (MeOH:-
H2O:CH3COOH::70:28:2) was added to 50 mg of defatted cocoa
powder, mixed and sonicated in an ultrasonic bath for 10 min, then
stirred for 30 min, and finally filtered through a PTFE syringe mem-
brane filter (0.45 µm). The obtained extract was spiked with hesperetin
as an internal standard (final concentration of 2 mg/L) and directly
used for HPLC-MS experiments.

2.4. HPLC-TOF-MS-MS measurements

HPLC separation conditions for every experiment were adapted
from a previously established method (D’Souza et al., 2018). Agilent
1260 HPLC system equipped with a Poroshell 120 EC-C18 column
(RRHD, 2.1 × 100 mm, 2.7 µm particle size) was used. Milli-Q water

and acetonitrile with the addition of 0.05% of formic acid were used as
Solvent A and Solvent B, respectively. The sample injection volume
employed was 2 µL. The flow rate was constant at 0.4 mL/min, and the
column oven temperature was set up to 40 °C. The chromatographic
gradient used for the analysis was as follows: (t (min), %B): (0, 8); (1,
8); (2.5, 12); (8, 16.5); (9, 17); (10, 17.5); (11, 17.5); (12, 18.5); (13,
18.5); (23, 95); (28, 95). The above-mentioned HPLC system was cou-
pled to an Impact HD ultra-high resolution ESI-Q-q-TOF mass spectro-
meter (Bruker Daltonics, Bremen, Germany) with an electrospray io-
nization source (nebulizer pressure of 1.8 bars, dry gas flow rate of 9 L/
min, and dry gas temperature of 200 °C). The data were acquired in
positive ion mode and reported NIST monoisotopic atomic masses of
the elements (Coursey, Schwab, Tsai, & Dragoset, 2015) were used to
calculate monoisotopic molecular masses of detected compounds. 0.1 M
sodium formate solution was used to calibrate the TOF analyzer before
each sample measurement. During the MS-MS measurements, the col-
lision energy was set to change dynamically and was proportional to the
mass of the fragmented molecule. The MS relative quantification of
Amadori compounds was performed using Bruker QuantAnalysis soft-
ware, whereas the peptides using a previously established protocol
(D’Souza et al., 2018). In both cases, all samples were normalized using
a sum of all detected MS peaks.

2.5. Discriminant analysis

The discriminant analysis of the mass spectrometric data was per-
formed using Orange software (Demsar et al., 2013). InfoGain method
was used to rank all the features, and subsequently, the top 14 most
discriminant were chosen for the principal component analysis (PCA).

3. Results and discussion

The identification of all of the early Maillard reaction products was
performed on a methanolic extract of a fermented and dried Malaysian
cocoa beans sample. This country of origin was chosen as Malaysian
beans tend to have, on average lower protein content than others.
Therefore, the results of the identification can be easily extrapolated to
other bean origins. Recent studies have shown a large amount (~800)
of previously unknown peptides present in coca (D’Souza et al., 2018).
We were able to generate a mass list of hypothetical Amadori com-
pounds derived from those peptides, which we compared with obtained
MS data. Examination of tandem mass spectra revealed the presence of
thirty-two short-peptide Amadori compounds, surprisingly including
Heyns compounds as well (the difference between them is shown in
Fig. 1). In cocoa, the amounts of fructose and glucose (0.0–103.4 and
4.3–175.0 mg/100 g of dry mass respectively) is considerably low
(Megías-Pérez, Grimbs, D’Souza, Bernaert, & Kuhnert, 2018) in com-
parison to amino acid content reported for fermented beans in the lit-
erature (Rohsius, Matissek, & Lieberei, 2006), which is between 500
and 2520 mg/100 g of dry mass. Moreover, approximate Amadori
content amounting to 80 mg/100 g of unroasted beans (Meitinger et al.,
2014) makes their discovered diversity even more surprising.

3.1. Identification of novel Amadori compounds

The HPLC-ESI-MS-MS experiments revealed the presence of thirty-
two different short-peptide Amadori and Heyns compounds: six derived
from amino acids and already known in cocoa (Meitinger et al., 2014),
twenty-three dipeptide-containing and three tripeptide-containing
compounds which are to our knowledge novel in the food literature.
The summary of all the identified structures is shown in Table 1. The
novel compounds elucidated in this paper are as follows: Fru-VP (1),
Fru-FG (2), Fru-IA (3), Glc-AY or YA or FS or SF (4), Fru-FS (5), Fru-L
(I)G (6), Fru-VA (7), Fru-L(I)P (8), Fru-L(I)V (9), Fru-L(I)V or VL(I)
(10), Glc-WVT (11), Fru-TVW (12), Glc-TVW (13), Fru-IT (14), Fru-L(I)
L(I) (15), Fru-L(I)E (16), Fru-FT (17), Fru-IF (18, 19), Fru-FL(I) (20,
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21), Glc-VY (22), Fru-FE (23), Fru-MF (24), Fru-VS (25), Fru-L(I)S or
VT (26), Fru-V (27). Structures previously described in the literature,
which we have detected are: Fru-L(I) (28), Fru-M (29), Fru-F (30), Fru-
Y (31, 32). An extracted ion chromatogram of chosen examples of
compounds is shown in Fig. 2. After the N-glycosylation of peptides
with glucose, the sugar structure resembles fructose (it is opposite for
fructose reactions), hence Fru- (fructosyl-) and Glc- (glycosyl-) no-
menclature. In some cases, the spectra recorded were ambiguous to an
extent, and the absolute assignment of the compounds was not possible.
Firstly, in the absence of either Amadori- or Heyns-specific fragmen-
tation peaks (6, 10, 12, 18, 19), we assumed that the compound in-
vestigated was an Amadori compound as those should be much more
abundant in cocoa. Secondly, in some cases, the sequence of the peptide
chain was not clear, and we annotated it accordingly. Additionally, the
stereochemistry of the amino acids involved could not be determined,
and we assume that all of them are L-isomers. The spectra of all of the
compounds are included in the Supplementary Information. Here, we
will discuss the general behavior of Amadori and Heyns compounds
during tandem MS fragmentation as well as apply our approach to three
particular examples.

The tandem MS fragmentation patterns of single amino acid
Amadori compounds are known and well understood based on both
analytical standards and Maillard reaction model systems (Hau,
Devaud, & Blank, 2004; Davidek, Kraehenbuehl, Devaud, Robert, &
Blank, 2005; Wang, Lu, Liu, & He, 2008). The distinction between
Amadori and Heyns compounds using their specific fragmentation
patterns is possible and described in the literature as well (Yuan et al.,
2016, 2017). The detection and identification of those species was
achieved in number of foods including cocoa, tomatoes, varieties of
peppers, asparagus, cauliflowers, carrots, celery, coffee, barley, wheat,
garlic, raisins, and jujubes (Eichner, Reutter, & Wittmann, 1993;
Meitinger et al., 2014; Yuan et al., 2016, 2017). Moreover, the presence
of short peptide-derived Amadori compounds was confirmed in Mail-
lard reaction model systems by mass spectrometry techniques
(Mennella, Visciano, Napolitano, Castillo, & Fogliano, 2006; Zou et al.,
2018).

Generally, the N-glycosylated amino acids fragment producing ions
with characteristic multiple neutral losses of H2O (up to three) along
with consecutive losses of CO2 and H2CO as the most abundant peaks.
The remaining peaks come from the fragmentation of the amino acid
itself, most notably the peak of protonated amino acid [AA + H]+. The
distinction between Amadori and Heyns compounds is possible based
on unique neutral losses of 96 and 150, which is [M+ H-2H2O-CH3OH-
CO]+ ion specific for Heyns and [AA-H + CH2]+ ion specific for
Amadori compounds respectively. Another paper describes fragmenta-
tion patterns of more complex glycosylated peptides: Amadori com-
pounds of tri- and tetrapeptides, glycopeptide esters, a glycosylamine,
and a cyclic Amadori compound (Jeri, Versluis, Horvat, & Heck, 2002).
The data reported show each of the compound class fragments simi-
larly, differing only in abundance of specific ions, especially the mul-
tiple neutral losses of H2O as well as losses of CO2 and H2CO.

Fig. 3 shows spectra we obtained for following N-glycosylated
peptides: a) (27) Fru-V, b) (14) Fru-IT, and c) (13) Glc-TVW. Only
peaks with intensity larger than 1% were considered. Fru-V (27, m/z
280), similarly to other single amino acid Amadori compounds in this
investigation, was already studied via mass spectrometry techniques,
and its fragmentation pattern is previously known (Hau et al., 2004;
Davidek et al., 2005; Wang et al., 2008; Yuan et al., 2016). Further-
more, it is amongst seven Amadori compounds known to cocoa
(Meitinger et al., 2014). The most abundant peaks in its fragmentation
come from a typical pattern of sugar dehydration and subsequent loss of
carbon dioxide or formaldehyde. The parent ion (m/z 280) loses an H2O
molecule producing the first fragmentation peak at m/z 262, followed
by consecutive loss of CO2 resulting in the m/z 234 peak. Similarly, the
loss of two water molecules leads to the formation of m/z 244 ion,
which after the decarboxylation, yields the most abundant daughter ion
[M + H-2H2O-CO]+ at m/z 216. This compound does not produce a
stable [M + H-3H2O]+ ion, instead forming the cyclic [M + H-3H2O-
CO]+ and [M + H-3H2O-H2CO]+ ions directly, at m/z 198 and 196
respectively, which are much less abundant overall. The amino acid
component can be cleaved off from the sugar as well, yielding a pro-
tonated peptide peak (m/z 118), which in turn helps the structure

Fig. 1. Difference between Amadori (fructosylamine) and Heyns compounds (glucosylamine), which originate from glucose and fructose, respectively.
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elucidation. Lastly, the bond between C1 and C2 carbon of the carbo-
hydrate can break yielding the [M−H + CH2]+ ion (m/z 130), which
confirms that the structure belongs to an amino acid and an aldohexose
that underwent condensation and furtherly rearranged into the Ama-
dori compound. Strangely enough, the spectrum contains a much
smaller peak specific for Heyns compounds [M + H-2H2O-CH3OH-
CO]+ at m/z 156, which could be a result of the poor chromatographic
resolution. The above-mentioned peaks derived from amino acid are
mostly much less abundant than those resulting from the dehydration of
the hexose. The fragmentation pattern matches a previously proposed
fragmentation mechanism of N-glycosylated amino acids (Wang et al.,
2008).

Additional amino acid causes the fragmentation pattern to be more
complex. Still, the most abundant peaks for Fru-IT (Fig. 3b), m/z 395)
are the ones originating from the dehydration of the hexose, but the
ratio between individual peaks changes. Formation of the [M + H-
3H2O-H2CO]+ ion at m/z 311 is favored, and the decarboxylation does
not occur for the [M + H-H2O]+ (m/z 377), [M + H-2H2O]+ (m/z
359), and [M + H-3H2O]+ (m/z 341) ions. Additionally, another de-
hydration can take place on the C-terminus of the peptide chain (m/z
323). On the other hand, Amadori-specific (m/z 245) and protonated
peptide (m/z 233) peaks are not abundant, but other patterns arise as
the fragmentation of both hexose and peptide components of the
structure can break down at the same time. Most notably, a series of a1
peptide fragments still attached to a hexose are present, alongside their
sugar dehydration and decarboxylation products. Among them, the
Sug-L(I)T a1-H2O peak at m/z 230 was the most abundant (46% relative
intensity). The specific d fragment ion at m/z 136 enabled us to confirm
the presence of isoleucine moiety in the dipeptide. Besides other small
peaks, three daughter ions contradicting our structure assignment were
present (Fig. 3b), grayed out). Especially, the m/z 276 and 198 peaks
containing y1 peptide fragments attached to hexoses, which could not
be formed without some unlikely rearrangement.

Unsurprisingly, the N-glycosylated tripeptide Glc-TVW (Fig. 3c), m/

z 567), exhibit the most complex fragmentation pattern. The sugar
component degradation behavior is similar to the one displayed by the
previous dipeptide, but the relative intensity of the peaks decreased
with respect to the rest of the spectra. The [M + H-3H2O-H2CO]+ ion
at m/z 483 is not the most abundant fragment. Heyns-specific peak, as
well as the protonated peptide, is smaller, but present (m/z 471 and 405
respectively). The most abundant peak in the spectra is a y2 peptide
fragment of either TVW or TWV at m/z 304, followed by the Sug-**W
b2-2H2O-CO at m/z 299. Most of the remaining daughter ions originate
from the b2 fragment ion and fragmentation of the protonated peptide.
Additionally, there are also three peaks not conforming to our ex-
pectations, similarly to the previously described dipeptide.

The collision energy depended on the mass of individual parent ion,
but still, all the compounds in this study were fragmented in similar
conditions (energy between 26 and 34 eV). Although only the twenty-
three-dipeptide group is large enough to derive some general pattern of
behavior. Still, we have identified six N-glycosylated amino acids
known in cocoa, twenty-three N-glycosylated dipeptides, and three N-
glycosylated tripeptides that were previously unreported. Twenty-three
of them are undoubtedly Amadori compounds (1–3, 5, 7–9, 14–17, 20,
21, 23–32), four Heyns compounds (4, 11, 13, 22), and five lack dis-
tinguishing fragments but were assigned as Amadori compounds (6, 10,
12, 18, 19). Recent literature does not indicate that the analytical
standards of Amadori compounds can fragment producing Heyns-spe-
cific peaks. In total, nineteen were ambiguously assigned because of
unclear peptide sequence or lack of Amadori- or Heyns-specific peaks
(see Table 1).

Each type of N-glycosylated species in this study is clearly distin-
guishable from each other (see Fig. 3 and Supplementary Information).
The single amino acids containing compounds have the simplest frag-
mentation spectra among all and exhibit a particular pattern of the
hexose-specific dehydration and decarboxylation. In most of them (the
only exception is Fru-M, 29), the most abundant peak is the [M + H-
2H2O-CO]+ ion. The amino acid part-specific peaks are not abundant

Fig. 2. Extracted ion chromatogram showing some of the identified Amadori compounds.
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and are limited only to the protonated amino acid peak [AA + H]+. In
the case of dipeptide Amadori and Heyns compound, the spectra change
slightly. Still, the peptide degradation occurs in a smaller degree, and
the main peaks produced belong to the hexose degradation. However,

the ratio between the hexose peaks changes, with the most abundant
one being the [M + H-3H2O-H2CO]+ for most cases, except the pro-
line-containing compounds. Fru-VP (1) and Fru-L(I)P (8) display the
Sug-VP a1-H2O and the [M + H-3H2O-CO]+ as the most abundant

Fig. 3. An example of HPLC-ESI-MS-MS fragmen-
tation spectra of N-glycosylated peptides for a) (27)
Fru-V, b) (14) Fru-IT, and c) (13) Glc-TVW, Fru-
being fructosyl (Amadori compound), and Glc-
glycosyl- (Heyns compound) species respectively.
All important ion fragments (> 1% relative in-
tensity) are annotated. “AA” and “*” indicate any
single amino acids that are part of the individual
structures. Letters and numbers in italics (e.g., a1)
are the notations based on the standard peptide
fragmentation nomenclature. Grayed-out text in-
dicates fragments specific to other isomers of the
elucidated structure, while the red highlights point
out how those peaks contradict our assignment. L(I)
annotation implies that the fragment is the same for
both leucine and isoleucine.
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peaks, respectively. As the length of the amino acid chain increase by
one, the variety of the peptide-specific fragments increases. This is true
for the tripeptides, as well. In their case, the hexose degradation pattern
is very similar, but the most abundant peaks are the ones that combine
both hexose and peptide fragmentations. The complexity of spectra
dramatically increases.

Additionally, we have identified some irregularities in the behavior
of most of the presented compounds during HPLC-ESI-MS-MS frag-
mentation. First of all, the differentiation between Amadori and Heyns
compounds was ambiguous in some cases. Only nineteen from thirty-
two compounds had obvious fragments of either Amadori or Heyns
compounds. Surprisingly, seven had both of them (2, 4, 21, 25, 27, 30,
31), and six none of them (6, 10, 12, 15, 18, 19). This behavior is not
clear, and literature does not indicate that it occurs for MS-MS frag-
mentation of analytical standards. Secondly, most di- and tripeptide-
containing structures produced fragments that would indicate a dif-
ferent sequence of amino acids in the peptide chain that suggested by
other daughter ions (e.g., Fig. 3b), m/z 132). However, those peaks
appear infrequently; therefore, they did not affect our assignment. Their
appearance in the spectra would have to be associated with either poor
chromatographic resolution of different isomers, or an unlikely re-
arrangement. Finally, in some cases of di- and tripeptide-containing
structures, an ion comprised of y peptide fragment and hexose fragment
is produced (e.g., Fig. 3b), m/z 276, and 198). This is highly un-
expected, as the formation of y ions would mean that the peptide part of
the compound broke off the hexose part. There is no clear explanation
for this behavior.

3.2. Discriminant analysis of different cocoa samples based on Amadori
compound content

Employing both reported previously and newly identified Amadori
and Heyns compounds, discriminant analysis was performed, which
successfully distinguished the samples based on their geographical
origin (see PCA in Fig. 4). At first, all the chemical species were in-
cluded, however, using only the top 14 most important features (ranked
by InfoGain method of Orange software) improved the separation. The
principal component analysis distinguishes African countries very well,
even among themselves. The Brazilian sample stood out as well, most
likely because of bad weather conditions during the year of the harvest.
The rest of the samples separate as well, yet it is difficult to speculate

why without including more samples from each of the regions. Most
notably, the separation based on origins is doubtlessly affected by a
variety of the cocoa hybrid as well as post-harvest practices (such as
drying and fermentation), and those should be taken into account in
further studies.

Fig. 5 shows bar charts of chosen Amadori compounds and their
putative peptide precursors for some of the samples presented in the
study. There seems to be a slight connection between the Amadori
compound content and their corresponding peptides; however, this
result furtherly enforces the earlier point, that the important factors
shaping the Amadori content profile of cocoa are the hybrid type and
the fermentation and drying. Unfortunately, our data lack this basic
information for most of the samples. Nevertheless, there are significant
differences in Amadori and Heyns compounds content between the
presented samples. Additionally, considering the well-known funda-
mental involvement of these compounds in aroma and color formation
in heated foods. novel compounds described herein should be con-
sidered as important markers of cocoa quality and origin. However,
direct links between aroma quality and presented compounds have yet
to be established.

4. Conclusions

In our study, we have identified thirty-two N-glycosylated short-
peptides (Amadori and Heyns compounds), of which twenty-six are
novel to cocoa. We have demonstrated their general ESI-MS-MS frag-
mentation patterns, which agree with previous findings in the litera-
ture. Additionally, we have described some unusual daughter ions that
occur in many of the presented compounds, which should be confirmed
by experiments on authentic analytical standards. Our data shows that
there is more variety in Amadori compounds in cocoa (and in food)
than it was reported so far. We believe that further studies on these
compounds can shed some light on chemical transformations occurring
during cocoa processing. Moreover, we have relatively quantified all
presented species in thirteen samples of cocoa originating from dif-
ferent countries. The principal component analysis has shown that
these samples have different Amadori compound profiles, and it is
possible to distinguish them on this basis alone, which suggests they
could be an important quality marker. Nevertheless, further research is
necessary as it could be a result of different fermentation and drying
practices as well as a variety of cocoa. Still, we believe this research

Fig. 4. Principal component analysis of dry cocoa beans from different origins based on their Amadori and Heyns compounds content (explained variance: PC1
49.8%; PC2 18.8%).
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provides groundwork for the identification of further Amadori and
Heyns compounds, as well as linking them to the quality and origin of
different cocoa beans.
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