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Abstract Results

Cacao fermentation from nine agroclimatic zones in Arauca Region in Colombia was
carried out under identical environmental conditions, revealing a microbia
succession dominated by Lactobacillales (59.94%), Acetobacterales (34.73%), anc
Enterobacterales (5.04%). Fermentation time was the main driver of bacteria
composition: Enterobacter species dominated the initial phase (first 0 h), followed by

Weissella, Limosilactobacillus, and Leuconostoc. In the final stage Acetobacter
became the predominant group. Cluster analysis indicated an agroclimatic influence y oncs
on the bacterial composition and on concentrations of flavor precursors of specific T 2 Y 4

zones (2, 3; 8, 9 and 5, 6). These findings are key to optimizing fermentation and o il

improving the sensory quality of cacao.
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Figure 1. Transformation of the seed and pulp during cacao fermentation. The
anaerobic phase is dominated by vyeasts, lactic acid bacteria (LAB), and
Enterobacteriaceae (ENT), followed by an aerobic phase in which acetic acid bacteria
(AAB) metabolize previously produced compounds. These microbial shifts generate
precursors of chocolate flavor, ultimately shaping the sensory profile of the cacao
bean.
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Figure 5. Presence of Amplicon Sequence Variants (ASVs) belonging to the genera
Acetobacter, Enterobacter, and Lactobacillus in the nine cacao fermentation zones
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protein-coding genes * Ivei - f>f,.;.-~i~ o This study characterized the microbial succession during cacao fermentation across
Specific family primers analysis WL S 0 O : : . . .
NOT— Bt =l nine regions of Arauca, revealing a consistent pattern dominated by
o B S — Zone 3 Enterobacterales, Lactobacillales, and Acetobacterales. Fermentation time emerged
s TR L as the primary driver of bacterial community dynamics; however, regiona
R | differences likely influenced by both macro- and microclimatic agroecologica
esults conditions also played a role. These variations may lead to differential metabolite
production among regions, offering valuable insights for the biotechnological
standardization of fine-flavor cocoa production in the area.
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Figure 2. Taxonomic bar charts of relative microbial composition, at the genus level
by a) sampling area and b) fermentation time.
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