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Cocoa bean post-harvesting

• Theobroma cacao L.

• Spontaneous fermentation, e.g. in boxes or heaps

• Drying in the sun or artificially
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Cocoa bean fermentation – microbial activity

➢Formation of chocolate 

colour, aroma, and 

flavour precursors

≤ ~2.5% ethanol

≤ ~1% lactic acid

≤ ~2% acetic acid

Temperatures ≤ 45-50 °C

Figure modified after De Vuyst & Weckx, 2016
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Mould contamination during cocoa bean post-
harvesting

• Aspergillus sp. and Penicillium sp. (Copetti et al., 2011)

• “Internal moulding” of cocoa beans → considerable economic losses 

• Mycotoxins

➢ ≤ 1.8 µg/kg ochratoxin A and ≤ 0.9 µg/kg aflatoxin B1 in cocoa 

products (Brera et al., 2011; Turcotte et al., 2013)

Functional microbial cultures with

antifungal activities
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Mycotoxinogenic filamentous fungi determined 
during cocoa post-harvesting

➢ Isolated filamentous fungi during (A) fermentation (n=29), (B) drying

(n=216), and (C) storage (n=271) of cocoa beans in Honduras.
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A B C
Aspergillus 
sp. (A. 
chevalieri, A. 
flavus)
10.3%
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➢ 148 isolates of the section Flavi were phenotypically evaluated regarding aflatoxin

production potential on two media: CCA and YCSD

➢ 16% (24) showed aflatoxin production on only one agar

➢ 31% (46) on neither agar

➢ 25% (37) of the isolates showed no aflatoxin production on at least one agar and the

second agar did not yield clear results.

➢ 28% (41) of the strains were able to produce aflatoxin on CCA and YCSD

Mycotoxinogenic filamentous fungi determined 
during cocoa post-harvesting

A B Aflatoxin production by A.flavus 8BS3 

on (A) yeast extract sucrose agar

supplemented with β-cyclodextrine

and sodium deoxycholate (YCSD) and 

on (B) coconut cream agar (CCA). The 

fluorescent ring around the colony on 

YCSD and CCA indicates aflatoxin

production.
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Isolates from cocoa

bean fermentation

Selection of well-

adapted

antifungal strains

Application trials

362 LAB

384 yeasts

Development of antifungal microbial cultures

➢ Antifungal activity in 

vitro and in vivo

➢ Stress tolerance

➢ Well-adapted carbon

metabolism
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A. flavus S075

S. cerevisiae H290

Growth inhibition of aflatoxin producing
Aspergillus flavus S075

+ non-

antifungal

strains

Lb. fermentum 193 Sch. etchellsii H12

+

antifungal

strains

Lb. fermentum 223 Lb. fermentum M017

Introduction

Filamentous fungi

Strain selection

Co-culture application

Conclusions

[Romanens, E. et al., 2019. Int J Food Microbiol.

290:262–272]
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A. flavus S075

S. cerevisiae H290

Growth inhibition of aflatoxin producing
Aspergillus flavus S075

+

antifungal

strains

Lb. fermentum 223 Lb. fermentum M017

✓ 100% growth inhibition after 4 days by single 

strains

✓ 100% growth inhibition for 11 days by LAB-

yeast co-culture
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[Romanens, E. et al., 2019. Int J Food Microbiol.

290:262–272]
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Application of antifungal co-cultures in Honduras

Lab scale

1 kg

Plastic pot

On-farm scale

180 kg / 200 kg

Wooden box

Co-culture A Lb. fermentum M017 / S. cerevisiae H290

Co-culture B Lb. fermentum 223 / S. cerevisiae H290
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Antifungal activity in lab-scale fermentations

S. cerevisiae

H290

Lb. fermentum

223

[Burkard, M. 2016. BSc Thesis ZHAW]

➢Partial visual growth inhibition of A. flavus S075 by Lb. fermentum 223

➢100% visual growth inhibition of mycotoxin-producing A. flavus S075 by
S. cerevisiae H290 and co-cultures

+

antifungal

strains

A. flavus S075 Lb. fermentum

M017
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➢ Positive influence of

co-cultures A and B on 

sensory profiles at lab 

scale

0

2

4

6

8
Cocoa

Roast intensity

Brown flavours

Fine flavours

AcidityBitterness

Astringency

Typical off-
flavours

Atypical off-
flavours

Inoculated with Lb. fermentum M017 and S. cerevisiae H290

Spontaneous control fermentation

Inoculated with Lb. fermentum 223 and S. cerevisisiae H290

Spontaneous control fermentation

With co-culture A (M017/H290)

With co-culture B (223/H290)

Spontaneous control fermentation

Influence on sensory profiles at lab scale

Scale 1-10; 7 panellists

[Näf, R. 2016. MSc Thesis ETH]
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Influence on sensory profiles at industrial scale

➢ No influence of co-

cultures on sensory 

profiles at on-farm scale 

(180 kg)

Scale 1-10; 7 panellists

Spontaneous control fermentation
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Influence on sensory profiles at industrial scale

➢ Positive influence of co-

cultures on sensory 

profiles at on-farm scale 

(200 kg)Scale 1-10; 7-9 panellists

[Müller, C., 2017. BSc Thesis ZHAW]
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Influence on sensory profiles at industrial scale

➢ No influence of co-

cultures on sensory 

profiles at on-farm scale 

(200 kg)Scale 1-10; 7-9 panellists
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intensity

Brown
flavours

Fine flavours

AcidityBitterness
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Typical off-
flavours

Atypical off-
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Control

With co-culture B (223/H290)

With co-culture C (223/M017/H290)

With co-culture D (223)
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Application at industrial scale (200 kg)

72% 64% 68% 72%

20% 28% 24% 24%
8% 8% 8% 4%

0%

50%

100%
Überfermentiert Gut fermentiert Leicht violet Violet3 biologische 

Wiederholungen:

(223/H290,

Kultur wurde als

Pulver appliziert)

(223/H290,

Kultur wurde in Lösung

suspendiert und 

anschliessend appliziert)

(223/H290,

Kulturen wurden als Pulver auf 

10% der zu fermentierenden

Kakao-Pulpe-Masse appliziert

und übernacht vorinkubiert)

CUT-TEST AM ENDE DER FERMENTATION

8% 4%

48% 56% 80% 68%

32% 24%
16% 32%

12% 16% 4%

0%

50%

100%

4%

44%
24% 32%

56%

52%

36%
64%

36%40%
4% 8%

0%

50%

100%

Control B.1 B.2 B.3

F1

F2

F3

➢ Pre-culturing in coca-pulp mass (10%; over night) led to a higher share of well 

fermented beans 

[Kneuss, T., 2019. BSc Thesis ZHAW]

Introduction

Filamentous fungi

Strain selection

Co-culture application

Conclusions

CAFÉ, CACAO Y VINO |  HSG St. Gallen  |  2.10.2020[Romanens, E. et al., 2020. PlosOne. In press]



Edwina Romanens  | 07.02.2019  |  17

Conclusions

• Selection of an antifungal LAB-yeast co-culture B Lb. fermentum 223 /

S. cerevisiae H290 in a multiphasic approach:

→ 100% growth inhibition of aflatoxin-producing A. flavus S075 by co-cultures

• Positive influence of co-cultures on sensory profiles at lab scale

• No to positive influence of co-cultures on sensory profiles at on-farm 

scale 

• Tentative influence of co-cultures on the overall fermentation process 

(duration) dependent on the application method

… but a long way to successful application on-site
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Perspectives

• Repetitive on-farm scale application trials with co-cultures are mandatory 
to evaluate their assertiveness and their impact on the overall process (e.g. 
duration of fermentation) and resulting cocoa bean quality (e.g. sensory 
profile)

• Long-term study of antifungal activity of co-cultures at on-farm scale are 
mandatory targeting fungal growth inhibition and reduction of mycotoxins

• Application at different stages (fermentations centres, small-scale 
farmers) and in varying geographical regions 

• Basic research on antifungal mechanisms of antifungal LAB and yeast 
strains

• Basic research on a microbial triggered development of flavour 
compounds and/or off-flavours dependent on co-cultures addition

… aiming at overcoming the long way to successful application on-site
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Thank you for your attention!
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