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SUMMARY

Samples of a dry residue collected from the interiors of ceramic vessels at the
Maya site of Rio Azul in northeastern Guatemala were analyzed by a variety of
high-performance liquid chromatographic techniques. Archeologists at the site had
strong indications that the vessels contained cocoa. Since the literature indicated that
cocoa would tend to be the only Mesoamerican commodity that would contain both
theobromine and caffeine, initial studies concentrated on the determination of these
compounds. Reversed-phase chromatography coupled with photodiode array and
mass spectrometry detection confirmed the existence of these cocoa alkoloids in sev-
eral of the vessels. Amino acid and fatty acid analysis were also conducted on the
residues.

INTRODUCTION

Literature indicates that cocoa cultivation had been well established by the
Aztecs in Mexico and the Maya in Central America for hundreds of years when Co-
lumbus first saw the commodity in 1502 during his fourth voyage. During that voy-
age, he saw a cargo of cocoa beans in a ship that was sighted off the coast of the Gulf
of Honduras. In 1519, Cortes and the conquistadores were introduced to cocoa when
the palaces of Montezuma were captured and large amounts of cocoa beans were
found!~3. Cocoa was introduced to the European continent shortly after this time
where its consumption grew steadily.

In 1984 at the site of Rio Azul in Guatemala, location shown in Fig. 1, excavations
uncovered a burial site that was later designated as Tomb 19. The tomb contained the
remains of a middle-aged man and many other artifacts including fourteen pottery
vessels. One of the vessels was highly decorated with a unique lid, as can be seen in
Fig. 2. Further information indicated that it contained some type of liquid substance.
Hieroglyphics from the vessel can be seen in Fig. 3 and were deciphered to indicate
ka-ka-w(a) or cocoa* . It is not the purpose of this paper to cover the topic of cocoa
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Fig. 1. Map indicating location of Rio Azul.

history or the status of the Rio Azul expedition since both areas have been very well
covered in other publications®3,

A series of samples from several of the vessels were provided by archeologists at
the site and analyzed by a variety of techniques. After initial analytical studies further
investigations centered on the vessel seen in Fig. 2, which was given the designation as
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Fig. 2. Photographs of vessels that contained samples for analysis.

Vessel 15. Archeological evidence indicated that the vessels in Tomb 19 should be
assigned to the period 460-480 AD during the Early Classic Period of Mayan cul-
ture®. The studies that were conducted centered on the determination of theobromine
and caffeine since those compounds tended to be unique to cocoa. Additional data
were also obtained in the areas of fatty acid analysis, general lipid analysis and amino
acid analysis.

Fig. 3. Hieroglyphic irom vessel.
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EXPERIMENTAL

Instrumentation

The high-performance liquid chromatography (HPLC) apparatus was assem-
bled from commercially available components. The pumps utilized were a Model 510
solvent delivery system (Waters) and a Model 6A liquid chromatograph (Shimadzu).
A number of detectors were used in various stages of the study. Initial investigations
were conducted with a Model 990 photodiode array (PDA) detector (Waters) for the
determination of theobromine and caffeine while confirmatory data were obtained
using a Model 201 liquid chromatography-mass spectrometry (LC-MS) apparatus
(Vestec). Fatty acid analysis used a Model SPD-2A UV detector at 254 nm (Shimad-
zu) while amino acid analysis used a Model 440 UV detector at 254 nm (Waters).
Data acquisition was accomplished by the use of an NEC APC III computer and
associated hardware for the PDA detector and the IBM-based Teknivent Vector One
mass spectrometry workstation. Differential scanning calorimetry (DSC) was accom-
plished through the use of a Model 910 DSC apparatus coupled to a Model 1090
thermal analyzer (DuPont Instruments).

Due to the diversity of assays accomplished a number of columns and mobile
phases were used. The particulars are outlined in Tables I and II.

Standards

Standard compounds were obtained from a variety of sources. The theobro-
mine and caffeine were repurified by sublimation. These were made up to approxi-
mate concentrations of 10 ug/ml in water and stored refrigerated at—4°C,

TABLE I

HPLC COLUMNS UTILIZED

Column type Size Manufacturer Assay

5 um Spherisorb ODS 30cm X 3.9 mm HPLC Technol. Theobromine and caffeine
Resolve C, 10cm x 8 mm Waters Theobromine and caffeine
S um Spherisorb ODS 30cm x 3.9 mm HPLC Technol. Fatty acid

Pico-Tag 15cm x 3.9 mm Waters Amino acid

TABLE 11

MOBILE PHASES USED

Composition (v|v) Assay Detector Reference
Water-methanol-acetic acid Theobromine-caf- PDA 12

(74:25:1) feine

0.1 M amonium acetate-metha- Theobromine—caf- MS -

nol feine

Gradient from 80:20 acetonitrile— Fatty acid uv 8

water to 100 acetonitrile

Gradient from Pico-Tag buffers A Amino acid uv 11

to B
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The initial standard was used for the entire course of the study. Fatty acid
standards were made up to varying concentrations in chloroform and stored at
—20°C.

Other reagents

Fatty acid analysis was accomplished using the panacyl bromide derivative
procedure that was reported earlier®.

Amino acid analyses were accomplished using the Pico-Tag method'?.

Sample preparation

Samples were provided by the University of Texas at San Antonio and used as
received. The samples in question not only contained some of the vessel contents but
also seemed to contain some of the interior of the vessel. No attempt was made to
differentiate the various components due to the small sample size available. In Table
I11 the sample preparation techniques used for each assay are outlined. After sample
preparation, all samples were analyzed using the technique of interest.

RESULTS AND DISCUSSION

Initial studies with UV detection indicated peaks in the chromatogram of the
sample extract at the same point as theobromine and caffeine. Since the occurrence of
peaks at the same retention times as pure compounds is inconclusive, further studies
were conducted more fully utilizing the capabilities of the PDA detector. The PDA
detector will provide a three-dimensional plot of time versus wavelength versus ab-
sorbance for each injection. It additionally will allow one to obtain a UV spectrum at
any portion of a peak of interest whether it be leading edge, apex or trailing edge. Fig.
4 and 5 provide a chromatogram of standard and sample extract indicating the peaks
of interest at 254 and 280 nm. The PDA detector additionally allowed the determina-
tion of derivative spectra of theobromine and caffeine. First and second derivative
spectra were obtained for the peaks of interest and found to agree.

A series of LC-MS studies was conducted to provide further confirmation of
theobromine and caffeine. Fig. 6 illustrates the LC-MS data on the series of standard
compounds. The mobile phase and column used are given in Tables I and II. The
mobile phase flow-rate was 1.3 ml/min. The MS interface operating temperatures
were as follows: Vaporizer, 155°C; block heater, 220°C; tip heater, 233°C; lens heater,
85°C.

TABLE III
SAMPLE PREPARATION TECHNIQUES USED
Sample preparation Assay Reference
Dissolve in water and filter Theobromine and caf- 12

feine
Extract with chloroform, make potassium salt and  Fatty acid 10
derivative

Extract with 0.1M HCI and make derivative Amino acid 11
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Fig. 4. Chromatograms of standard compounds. Top: 244 nm; bottom: 280 nm.
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Fig. 5. Chromatograms of extract from Vessel 15. Top: 254 nm; bottom: 280 nm.
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Fig. 6. LC-MS data on standard compounds.

The peaks of interest were collected and injected into the LC-MS and the
extract was also injected in the “column-out” mode of operation. The total ion cur-
rent (TIC) and a sample spectrum are shown in Fig. 7. Since LC-MS in the thermo-
spray mode can be classified as a “soft-ionization” technique'® the major ion seen is
the MH + for the compound of interest. These ions are m/z 181 for theobromine and
mjz 195 for caffeine. A related compound, theophylline, also exhibits an MH™* ion at
m/z 181 but does not have the same retention time as theobromine. This data provides
further evidence to the existence of these compounds in this sample.

Other chemical assays were accomplished to provide further data on the con-
tents of Vessel 15. The DSC results indicated that the vessel contained no detectable
amount of lipid material. This data was further reinforced by the negative results
from the fatty acid analysis. The lack of lipid is not disconcerting since even under
ideal conditions one sees lipid degradation due to oxidation or other mechanisms.

An amino acid profile was also accomplished with the standards chromatogram
shown in Fig. 8 and the sample chromatogram shown in Fig. 9. The results provide
no information as to the existence of cocoa in the vessel but are intriguing since they
do indicate the existence of some amino acids in this sample irrespective of the source.
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Fig. 7. Positive ion spectrum of theobromine peak from residue of Rio Azul cocoa vessel.
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Fig. 8. Standard Pico-Tag amino acid profile.

It also is noteworthy since it provides information on the use of this assay on an
archeological sample.

CONCLUSIONS

These results provide valuable information to epigraphists on the contents of
this vessel and show that it did contain cocoa in some form. For reasons of length all
aspects of each assay were not outlined in detail. This study serves to illustrate the
results that can be obtained from a multidisciplinary team in solving this type of
problem.
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Fig. 9. Pico-tag amino acid profile of vessel extract.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the Life Sciences Laboratory of Waters for
the Pico-Tag amino acid analyses, and John Robbins of the Analytical Services
Group of the Hershey Foods Technical Center for the DSC analyse. Additionally,
they wish to thank Hershey Foods Corporation for the opportunity to conduct these
studies and publish the results.

REFERENCES

H. Fincke, Handbuch der Kakaoerzeugnisse, Springer, Berlin.

W. H. Prescott, The Conquest of Mexico, Routledge, London, 1834.

The Cocoa Plant and It’s Products, Walter Baker, Dorchester, MA, 1891.

S. G. Morley, G. W. Brainerd and R. J. Sharer, The Ancient Maya, Stanford University Press, Stan-
ford. CA 1983.

1
2
3
4



AUTHENTICATION OF COCOA IN MAYA VESSELS BY HPLC 289

5 G. D. Hall, S. M. Tarkar Jr., W. J. Hurst, D. Stuart and R. E. W. Adams, Am. Antig., in press.

6 D. Stuart, Antiquity, 62 (1988) 153.

7 R.E. W. Adams, Rio Azul Reports: The 1984 Season, Center for Archeological Research University of
Texas, San Antonio, TX, 1986.

8 W. J. Hurst, K. P. Snyder and R. A. Martin Jr., /1988 Pittsburgh Conference on Analytical Chemistry
and Applied Spectroscopy, New Orleans, LA, Abstract No. 478.

9 Perkin-Elmer Applications Data Sheet, Second Derivative Spectroscopy, ADS-104 (1977).

10 H. D. Durst, M. Milano, E. J. Kikta, S. A. Connelly and E. Grushka, 4Anal. Chem., 47 (1975) 1797.

11 B. A. Bidlingmeyer, S. A. Cohen and T. L. Tarvin J. Chromatography 336 (1984) 93.

12 W. R. Kreiser and R. A. Martin Jr., J. Assoc. Off. Anal. Chem. 63 (1980) 591.

13 M. L. Vestal and G. J. Ferguson Anal. Chem., 57 (1985) 2373.

[4 D. J. Liberato and A. L. Yergey, Anal. Chem., 58 (1986) 6.



