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populations due to storage mycotoxins



242nd Mycotoxin Workshop 
May 31 – June 02, 2021
Experimental archaeology reveals potential health risk in ancient populations due to storage mycotoxins (Jean-Michel.Savoie@inrae.fr)

Controlling the mycotoxin risk throughout the food chain: 
a constantly renewed challenge in the 21st Century

New transformation          processes:  
 additives

New demands and dietary 
habits of consumers : 

Local and short food circuits

stringent regulations for protecting people

Toward environmentally friendly agronomical 
practices, in field and at storage

Climate globale change

Food industry

Consumers  

Storage 

Post-harvest

Growing cereals

livestock farming

Ochratoxins Aflatoxins
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Mycotoxin risk in pre-industrial European societies ?

Contaminations during storage ? 

Types of storage container, both section (left) and view from above (right) 
(Jiménez-Jáimez, V., & Suárez-Padilla, J. 2020.)

simple sealed pit elaborate sealed pit

underground silo complex aboveground silo

unsealed pit granary

Pits of various shapes are frequently found in excavations 
of sites occupied by pre-industrial rural communities. 

Probably used for the storage of grain.

Ancient peasant skills that made it possible to preserve 
cereals either as food or for sowing ?

Simple airtight pits :
Experimental archaeology + 21th Century knowledge and 

analytical tools

www.univers-rr.com

Underground structures for grain storage – Used 

from Neolithic to 18th Century



442nd Mycotoxin Workshop 
May 31 – June 02, 2021
Experimental archaeology reveals potential health risk in ancient populations due to storage mycotoxins (Jean-Michel.Savoie@inrae.fr)

Airtight closing

Topsoil

compact 
sandy loam

gritty sand

clay loam

gritty sand

Cob

Compacted straw

Einkorn 

probes & recorders :
T°, Humidity, CO2

Can we safely store grain in simple airtight pits as 
in pre-industrial societies ? 

We are here

Filling with einkorn
(Triticum monococcum)
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On-field observations - measurements - samplings

Can we safely store grain storage in simple airtight pits as 
in pre-industrial societies ? 
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Topsoil

compact 
sandy loam

gritty sand

clay loam

gritty sand

Cob

Compacted straw

Einkorn 

probes & recorders :
T°, Humidity, CO2

Grain storage in simple airtight pits: Temperature and humidity

% HR°C
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Schematic representation of the deterioration process by mould and bacterial
spoilage of einkorn wheat stored for one year in an underground pit 

A

B C

D

(Silo 04 avec paillage)Initial condition After 1 month After 3 months After 6 months After 12 months

A, B, C, D =Sampling points

Grain storage in simple airtight pits: Temperature and humidity

Moist grain deteriorated by mould

and intense bacterial fermentation 

Sound grain below critical moisture

content for mould spoilage

Straw layer (wall, bottom and top) 

D

A

B C
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Control
(stored in lab at 4°C)

A

B C

D

Sowing of grains

=>  0-10 % seed germination

Control 
(stored at the farm)

12 month 
storage in a pit

Changes in fungal contaminant on the grain : from field to storage moulds

Loss of seed germinability

Grain storage in simple airtight pits: Germinability and fungal communities 

Control
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Sample OTA - ng/g

Silo S_02-2019 A 168

Silo S_02-2019 B 102

Silo S_02-2019 C 388

Silo S-04-2019 A 59

Silo S-04-2019 B 12

Silo S-04-2019 C 11

Silo S-05-2018 B 46

Silo S-05-2018 D 247

Silo S-04-2018 B 41

Silo S-04-2018 D 106

A

BC

D

Grain storage in simple airtight pits: Mycotoxins 

OTA contamination:  D, C, A > B
Differences depending on the year and technics 

Without 
protecting 

straw lining

Without 
protecting 

straw lining

>>> EU rules (5 ng/g) ; 
Commission Regulation (EC) No 1881/2006 of 
19 December 2006 setting maximum levels 
for mycotoxins in foodstuffs.

With 
protecting 

straw lining

With 
protecting 

straw lining
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EFSA- SCIENTIFIC OPINION ADOPTED: 31 March 2020 doi: 10.2903/j.efsa.2020.6113
Risk assessment of Ochratoxin A in food

Non-neoplastic effects (kidney lesions observed in pigs), 
Benchmark dose lower confidence limit 10% (BMDL10) = 4.73 µg/kg body weight (bw) per day).
=> ‘Margin of exposure’  ([MOE = BMDL10/Estimated Exposure Dose]
for humans >= 200
Limit of daily intake before toxicity =>  BMLD10/MOE = 23.65 ng/kg bw

Neoplastic effects (kidney tumours in rats), 
BMDL10 = 14.5 µg/kg bw per day 
With MOEs = 10,000 => 
Limit of daily intake (BMLD10/MOE)  = 1.45 ng/kg bw

health risk in ancient populations due to storage mycotoxins?

OTA
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Ancient population storing grain in pits : Contamination 10 to 100 ng OTA /g grain 
Non-neoplastic effect => intake should be < 0.24 to 2.4 g grain/Kg bw
i.e. for 50 Kg bw < 12 to 120 g  grain /day 

Neoplastic effect =>  0.0145 to 0.145 cereal/Kg bw
i.e. for 50 Kg bw < 0.7 to 7 g grain /day 

EFSA :
Non-neoplastic effects < 23.65 ng/kg bw
Neoplastic effects < 1.45 ng/kg bw

OTA risk assessment, pre-industrial European society ? 

In the Middle Age :  cereals provide the main food 
for peasants (bread and gruel) 
+ other contaminated sources in daily food :
Preserved meat,  Cheese, Dried and fresh fruits, Nuts

https://about-history.com/what-kind-of-food-was-common-in-the-middle-ages/
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Issues with storage mycotoxins (and probably other mycotoxins) in pre-industrial societies : 
Consequences on the health  of people ?

Experimental archaeology of food storage plus lab analyses => levels of contamination in food 

+
Archaeologist, historians  => data on food ration (> 200 g cereals)

Risk assessment of OTA and other mycotoxins in ‘ancient’ food

+ Know-how of the ancient peasant for controlling moulds

Conclusion: potential health risk in ancient populations due to 
storage mycotoxins
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A challenge : Proofs of contaminations in food and of health issue
Tracking mycotoxins in remains (carporests) ?

Etiopathogenic studies on the potential effects of consumption of contaminated grains by ancient people ?

Conclusion: potential health risk in ancient populations due to 
storage mycotoxins

Issues with storage mycotoxins (and probably other mycotoxins) in pre-industrial societies : 
Consequences on the health  of people ?
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hank you for 
your attention Victims of ergotism by Peter Bruegel

Not only  
but also ?

Experimental archaeology reveals potential health risk in 
ancient populations due to storage mycotoxins
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