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Improvement of cocoa fermentation quality using mixed starter cultures of

Saccharomyces cerevisiae, Pichia kluyveri, and Lachancea thermotolerans
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*sukanyaniti@gmail.com
Abstract

Cocoa fermentation is an important post-harvest process that significantly affects the quality of cocoa
beans and chocolate. Cocoa beans that have not undergone proper fermentation or incomplete
fermentation result in undesirable flavors and aromas. This research studied and developed cocoa
fermentation technology using a mixed-yeast starter culture. Three strains of aromatic, pectinolytic, and
lactic acid- producing yeasts were isolated from spontaneous cocoa fermentation. They were identified as
Saccharomyces cerevisiae (DOA-Y58), Pichia kluyveri (DOA-Y55), and Lachancea thermotolerans (DOA-Y81),
respectively. In the cocoa fermentation trial, using a mixed culture starter ratio of DOA-Y58: DOA-Y55: DOA-
Y82 at 1:1:1 (% by weight), it was found that cocoa beans were fully fermented, reaching approximately
84% within 144 hours. Additionally, it was possible to control the amount of natural bacteria that might
cause undesirable flavors during fermentation. Analysis of volatile compounds of dried and roasted cocoa
beans using headspace solid- phase microextraction (HS-SPME) combined with gas chromatography-mass
spectrometry (GC-MS) revealed that cocoa beans fermented with microbial starter cultures released fruity
and floral aromas such as linalool, phenylethyl alcohol, and phenethyl acetate. Meanwhile, spontaneously
fermented cocoa had a more acidic aroma. This demonstrates that using a mixed yeast starter culture of

three strains plays a role in producing flavors and can be applied to improve cocoa fermentation quality.
Keywords: Cocoa, Fermentation, Yeast, Starter Culture
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frogaiuallinansn (streak) asuuauIWIzeiitewns Yeast extract malt extract (YM) agar (Usgnausme 1%
D-Glucose, 0.5% Peptone, 0.3% Yeast extract, 0.3% Malt extract kag 1.5% Agar) ﬁLaumiﬂﬁ%auzﬂaaLLim
fiaea 200 fiadnsudedns donifviamelaladfiiudad waedanuuandameduguine uwoniteliuians

PntunAvateIsva’ YM broth Aiflansazanendwesea 10% wushwlilududuwlgamgll -80 °C

2.1.2 MsInIuUNaIRUSEan

s

in1sdeinegavaadadludausen Macrogen (Seoul, Korea) ifieafinnldulanazinsLunaiewus

q

gad lnvanduaunsuisiussivluanamenisiSeuiisuainuiindlelvduiiing D1/D2 989 LSU rRNA gene 709
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- X o g (Compounds) (Odor description)
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Acids
231 ND 9697984 Hexanoic acid Pungent, Sweat (9]
2.35 15331154 ND Acetic acid Sours, Vinegar 9]

Alcohols and Phenols

3.32 12627772 16117574  2-Pentanol Pungent [9]
4.08 29127676 61145116 Isoamyl alcohol Fermented, Balsamic 9]
4.19 ND 29711994  2-Methyl-1-butanol Fruity, Grape (9]
5.72 9054170 ND 2,3-Butanediol Fruity, Creamy, Buttery 9]
21.13 8626294 ND 2-Nonanol Fruity, Citrus orange [10]
21.6 220614880 378062784  Phenylethyl Alcohol Floral, Rose [10]
Aldehydes and Ketones

2.67 ND 18993110  3-Methylbutanal Chocolate, Malty [9]
2.76 21533262 23391328 2-Methylbutanal Chocolate, Cocoa 9]
10.11 ND 8330350 2-Heptanone Fruity, Banana [10]
13.62 7215146 15711300  Benzaldehyde Bitter [9-10]
17.89 ND 12510002  2-Phenylacetaldehyde Floral, Honey [9]
20.45 7867435 7023458 2-Nonanone Fruity, Cheesy [10]
28.83 10133014 21427158 2-Phenyl-2-butenal Chocolate, Sweet 9]
35.08 9320180 9385010 5-Methyl-2-phenyl-2-hexenal  Chocolate, Cocoa [9]
Esters

2.24 109697368 92972240  Ethyl Acetate Fruity, Pineapple [9]
9.55 21486140 49671566  Isoamyl acetate Fruity, Banana [10]
25.66 7017325 20753342  Ethyl octanoate Fruity, Floral [10]
28.24 57021144 69581200  Phenylethyl acetate Floral, Honey (9]
33.56 ND 10244212  Ethyl decanoate Fruity, Pear, Grape (9]
359 10729360 ND Ethyl palmitate Pungent, Waxy [9]
Pyrazines

11.21 11510507 8497617 2,5-Dimethylpyrazine Cocoa, Rusted nuts [9]
15.83 17529080 ND 2-Ethyl-5-methylpyrazine Nutty, Raw potato (9]
19.67 23134860 25414724  3,6-Cocoa pyrazine Nutty [11]
Terpenoinds

17.66 ND 8629536 4-Ocimene Floral, Herb [10]
20.96 11322659 16709464 Linalool Floral, Green [9-10]
Others

38.64 14085327 19759126  Caffeine

*ND = Not Detected
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