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Exotic coffees may be defined as extravagant and unique coffees, primarily due to their
production mode, including unusual bioprocessing or fermentation conditions associated
with superior sensorial characteristics. The aim of the present study was to investigate
the influence of bioprocessing and of growing conditions on flavor precursors of Jacu
and Kopi Luwak exotic green coffees, respectively. Moreover, this is the first study to
perform a detailed chemical analysis of these exotic coffees. Thirteen green Coffea
arabica bean samples were obtained, five from Espirito Santo state, Brazil, and eight
Kopi Luwak from different regions of Indonesia. Samples were analyzed regarding their
proximate composition, chlorogenic acids (CGA), sucrose, alkaloids, triacylglycerols
(TAG), diacylglycerols, free fatty acids, sterols, diterpenes and tocopherols. Scanning
electron micrography confirmed bioprocessing of Jacu and Kopi Luwak coffee samples.
Bioprocessing by the Jacu bird caused reductions of 69 and 28% in caffeine and CGA
contents, respectively. The TAG profile of Jacu coffee was modified. TAG containing
two saturated fatty acids were preferably hydrolyzed in detriment to those containing
two unsaturated fatty acids. Other coffee components were not affected by the bird’s
digestion of the beans. Kopi Luwak coffee samples had a chemical composition in
accordance with reported ranges for non-bioprocessed green C. arabica samples,
except for caffeine (0.48 g/100g) and CGA (5.09 g/100g), which were found in low
amounts. Crop year rather than location or post-harvest processing discriminated Kopi
Luwak coffee samples, suggesting that weather conditions would be the most crucial
aspect for their chemical composition, especially in terms of total lipids, ashes, total CGA,
sucrose and proteins.
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FIGURE 5 | Profile of triacylglycerols [TAG, (A)], diacylglycerols [DAG, (B)] and free fatty acids [FFA, (C)] of coffees from Indonesia (Kopi Luwak) and Brazil (Non-jacu
and Jacu). Indonesian samples were from 2015 and 2017 crops of different regions (A.G., Aceh Gayo; M., Mandheling; J., Java; K., Kintamani). Brazilian samples
were from 2016 and 2017 crops. Samples were either dry processed (dp) or wet processed (wp). P, palmitic; O, oleic; L, linoleic; S, stearic; A, arachidonic; Ln, linoleic.
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FIGURE 6 | Profile of sterols (A), diterpenes (B), and tocopherols (C) of coffees from Indonesia (Kopi Luwak) and Brazil (Non-jacu and Jacu). Indonesian samples
were from 2015 and 2017 crops of different regions (A.G., Aceh Gayo; M., Mandheling; J., Java; K., Kintamani). Brazilian samples were from 2016 and 2017 crops.
Samples were either dry processed (dp) or wet processed (wp).
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FIGURE 7 | Principal component analysis (PCA) concerning the distribution of grouped compounds of Kopi Luwak (SG, Sumatra Aceh Gayo; SM, Sumatra
Mandheling; EJ, East Java; CJ, Central Java; BK, Bali Kintamani) coffee samples from crops 1 (2015) and 2 (2017) (A) or in relation to all measured individual (B).
PTN, Protein; CHO, Carbohydrates; Caff, Caffeine; Trig, Trigonelline; Suc, Sucrose; Dit, Diterpenes; CGA, Chlorogenic acids; FFA, Free fatty acids; DAG,
Diacylglycerols; TAG, Triacylglycerols; P, palmitic; O, oleic; L, linoleic; S, stearic; A, arachidonic; Ln, linolenic; Kaw, Kaweol; Caf, Cafestol; Toc, B-Tocopherol; Camp,
Campesterol; Sito, y-Sitosterol; Stig, Stigmaesterol; KawP, Kahweol palmitate; CafP, Cafestol palmitate.

ones, indicating that the crop year, in other words weather
conditions, was a contributor to discriminating samples. The
most important contributors for the discrimination of these
samples were total lipids, ashes, total CGA, sucrose and
proteins, all of which were found at higher contents in

2017 samples compared to 2015 ones. Neither the harvesting
location nor the post-harvest processing have discriminated
Kopi Luwak, as samples with equivalent characteristics (SG and

BK, for instance) were located in opposite quadrants of the
PCA plots.
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CONCLUSIONS

This was the first study to perform a detailed chemical
characterization of exotic coffees, with emphasis on flavor
precursors. Moreover, the effect of bioprocessing on these
components was evaluated for the first time, specifically for
Jacu coffee. The digestion process by the Jacu bird seem to
have modified the profile of several flavor precursors, namely
caffeine, CGA and TAG. However, further studies with adequate
statistical power are needed to confirm these preliminary
observations. The crop year of Kopi Luwak affected the flavor
precursors composition, namely total lipids, total CGA, sucrose
and proteins. However, it was not possible to identify which
specific climatic conditions of these crop years led to these
differences. All these changes may affect the formation of volatile
compounds upon roasting, thus contributing to the unique flavor
and aroma of these exotic coffees.
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