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Impact of the microbial community on
mycotoxin production during grain storage
N soll-dug silos

Maider Abadie!, Cécile Dominguez?, Nathalie Gallegos?, Louis Carles!, Maxime Guillaume?, Jean-Michel Savoie!
1 INRAE Bordeaux, UR 1264, Villenave d’Ornon, France, 2 INRAP Saint-Estéve, France

ﬂixperimental archaeology: Recreating underground silos to rediscover ancestral practices and evaluate the risks of stock deteriorations in \
these pre-industrial grain storage facilities commonly found in archaeological excavations [SilArchaeoBio]
: : : : no stra stra
Experimental underground silos were dug using ancestral tools by a team of archaeologists from Inrap W W
and CNRS and biologists from INRAE, across two sites in the Perpignan region, and used to store different §1e+07-
cereals (einkorn, barley and wheat). In 2022, a straw lining was added in some pits to absorb infiltrated water S o
and create a barrier to protect the grain. This technique was tested as a way to preserve the quality of the < 3e+06- §
grains recovered after 8 months of underground storage (Figure 1). o 1e+06 - .
Where straw lining was present, the straw was showing obvious signs of fungal rot, but the grain located § - B B - 1
directly next to it looked well preserved. On the contrary, when grain was stored directly against the soil, a “';)
clear layer of moldy grain (2 to 7 cm) appeared, especially in the shoulder area below the chimney (Figure 2). I 1e+07- -
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Figure 3: ITS copy number per gram of fresh grain, across the
different silos, in samples located in distinct regions of the silo
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_ | | | | o Figure 2: Wheat stored in silo without straw lining; (A) grain located % 40 Mycotoxin
Figure 1: Experimental silos set-up, with different straw linings directly against the soil wall; (B) grain from the centre of the pit Q * EJ Aflatoxins
Grain located in different areas of the silo was sampled (*), DNA of the epiphyte microbial community was E_) 30 B8 Ochratoxin A
extracted and gPCR analysis were processed. Apart from one particularly damaged sample, all 16S results were ~ *
similar to the initial grain stock. Bacterial community did not take over in the underground silo storing 2 20- —
conditions. On the other hand, the ITS qPCR results (Figure 3) confirm the presence of fungi in the moldiest grain 3
samples, especially located on the edges and bottom of the pits. Metabarcoding analyses of these samples are >C_< 10- *
being processed. [e) .
Aflatoxins and Ochratoxin A were quantified in some samples, to evaluate the contamination of the grain § *—
oy mycotoxins. An example is presented in Figure 4, focusing on Silo 8, where the difference between the sample S 0- | | | | |
ocations in the pit impacted greatly on mycotoxins production. The most humid regions of the silo (edges and bottom centre edge edge/bottom top
pottom) favoured the accumulation of mycotoxins. The centre of the underground silo was also contaminated by Figure 4: Mycotoxins concentrations in Silo 8, quantified with
Kooth Aflatoxins and Ochratoxin A, but at concentrations lower than 5.0 ug/Kg. Ridascreen kits specific to Ochratoxin A and Aflatoxins. /
/ Laboratory microcosms: storage conditions and kinetics of microbial colonisation; mycotoxin contamination of grains in underground silos \
[SI lArChaEOBIO] A B 188 3 MK461063 1 _Alternaria_infectoria
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The underground silos were monitored with temperature and relative i%;ﬁNTA—::zmm:i seudomonas_psychrotolerans . 100{32:MA31 ;I
T - | 1 36 MA54 @ -
humidity probes across 8 months storage. From this data, two temperatures and -~ 10 MAT1 ® A s ! 100I12_-0,3596097_1"_‘,5picoccum_mezzemi
two humidity conditions were chosen (15t and 3™ quartiles) to conduct ! 100v4_MG972912 1 Pseudomonas_trivialis 1 - gzﬁd—mgfg e & A*biospora I
controlled-environment experiments with three cereal species. These different 99| 14_MA16 @ }26_MA18 e % B
: : : : o 10095 _MW568086 1 Pseudomonas_rhizosphaerae 39 MA43 @ *&
cereals were incubated in sealed containers with a set temperature of 15°C or 100 17 MA25 © o 100 gZM“mgg%J_Aureooasudlgm;pullulans
23°C and an initial volume of added water (6 or 12 ml), and kept up to 1.5 99+2 MT184865 1 Pantoea_agglomerans 70| _188 10_0Q186134_1_Cladosporium_marinum
months. By using sacrificial samples, we can follow the proliferation of microbial 00 i 122-'\“’/'&1? ; ‘l: ! 100{;_;—m37 23
_ . . il il Je
communities as the grain accumulates water content, see Figure 5. 1hot6. MN256356 1_Erwinia_persicina S N 62676-_’\1"?2mci”ium_cgramgemm
During these microcosm experiments, culturable bacterial and fungal 18_MA34 ® % 61/ 18_MA4 ® A
: : . . : . 100126 MA49 @ 9445 NR_163548_1_Penicillium_frei
isolates were grown on PDA to assess a non-exhaustive microbial diversity. A o el & cinfor 56 32 $20_MA7 oA
phylogenetic tree of the microbes isolated so far (23°C only) is displayed in Figure e & & ® Baricy e - e a e
6. Further gPCR analysis will allow a precise evaluation of the bacteria and fungi 182 15 MA17 @ % ® Wheat G985 M et . A
communities, and mycotoxins quantification will provide essential information as 96 f;—mi; g :’  p— 2| 82 6_MH8E3986 1_Aspergilus_peaudogiaucus
to which humidity / temperature conditions trigger the production of these 89,7 MA50 @ K A 12miH20 4 oo122MAB T @ A
metabolites in different cereal species. 3;-22_MA38 ® % [ 30 . 2 A
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S 18- Figure 6: Phylogenetic trees of the bacterial (A) and fungal (B) isolates from the 23°C experiments and
\ , their isolation origin. MAFFT alignment, NJ method, Jukes-Cantor model and 1000 bootstraps tree. /
Barley Einkorn Wheat
/Perspectives: How to use this knowledge to improve grain storage nowadays while reducing its carbon footprint [LocaStock] \

— The multidisciplinary research project SilArchaeoBio produces (1) know-how and data helping archaeologists to understand how the underground silos were used by ancient
populations and their putative role in local economy, and (2) improved knowledge on the cereal grain storage ecosystem for ancient cereal varieties used in organic agriculture.

— Capitalizing on this knowledge and expertise, we aim to adapt them to current technologies to develop contemporary underground silos as a resilient alternative to energy-dependant
storage facilities. Organic farmers, citizens and scientists work together in the LocaStock project to imagine, experiment and disseminate innovative solutions for storing grains. This
Kparticipative science project challenges the development of a local, safe, and environment-friendly way to preserve harvests. /
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