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Bacterial endospores as an Additional source of Archaeological 
Knowledge in the Analysis of a Burial Cemetery of the Tarnobrzeg 

lusatian Culture in Dębina (se Poland)

Abstract

trybała-zawiślak K., Potocki L., czopek S., ząbek t. 2023. Bacterial Endospores as an Additional Source of Archaeologi-
cal Knowledge in the Analysis of a Burial cemetery of the tarnobrzeg Lusatian culture in Dębina (SE Poland). Analecta 
Archaeologica Ressoviensia 18, 117–129 

Archaeological studies need to use laboratory techniques, including analytical methods like Atomic Absorption Spectro-
metry, gas chromatography – mass spectrometry, and high-performance liquid chromatography, as well as genetic me-
thods to resolve and verify scientific hypotheses. however, additional tools are still needed in the case of the cultural prac-
tices and traditions of ancient societies. Archaeological examinations of cultural practices have made significant progress 
in recent years, but additional tools are still needed to fully understand the complexity and diversity of these practices. 
In this work, we demonstrate how the genotyping of soil bacteria that can produce endospores is a potentially additional 
method for discovering past funeral rituals in various human populations who used food during their ceremonies. En-
dospores were isolated from soil samples taken from inside earthenware cup and pot-type vessels from a burial ground 
identified with the tarnobrzeg Lusatian culture (SE Poland). The detected species of spore-forming bacteria strains were 
mostly environmental (originating from soil and / or water). however, the presence of some of the taxa i.e. (Peanibacillus, 
Bacillus) may provide a valuable source of archaeological information. We found that a combination of molecular and 
microbiological analysis can support archaeological studies of burial grounds and – in particular – individual graves, espe-
cially when they are characterized by a complete lack of bones.

Keywords: archaeology studies, microbiological analyses, endospores, tarnobrzeg Lusatian culture 

Received: 26.09.2023; Revised: 16.10.2023; Accepted: 05.12.2023

1. Introduction

Archaeological studies of burial grounds provide 
an invaluable source of information about human his-
tory, capturing details of migrations, habits, religions, 
and various tragedies such as wars and epidemics 

(cano et al. 2000; zink et al. 2003; fernández 2012; 
Stantis et al. 2015). unfortunately, one of the major 
problems of burial ground studies is their poor qual-
ity or lack of sufficiently preserved bones. this prob-
lem has often been described in the case of burial 
graves belonging to the Lusatian culture (czopek and 
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trybała-zawiślak 2014) therefore, some alternative 
methods are still helpful in archaeological studies. the 
use of biological methods, including microbiological 
techniques, in the analysis and interpretation of stud-
ied samples from archaeological sites has changed 
research strategies in archaeology (Acinas et al. 2004; 
Andersen et al. 2012; Margesin et al. 2017). currently, 
analysis of soil microorganisms is used to follow the 
variation in usable areas of archaeological sites, in the 
reconstruction of diachronic soil layers, the popula-
tion density of an area, and also in determining the 
diet of a  given ancient society, etc. (Mitusov et al. 
2009; Moodley et al. 2009; grund et al. 2014).

Another approach relies on the presence of mi-
croorganism species as a complementary technique in 
the dating of archaeological samples taken from the 
soil (grund et al. 2014). Of particular interest is the 
use of microbiological tests to reconstruct the health 
of ancient populations (Spyrou et al. 2019). the isola-
tion of microbial DnA from well-preserved soft tis-
sue remains of humans and animals can constitute 
direct evidence of the presence of infectious diseases, 
 the spatial distribution of the disease, the mutual re-
lationship between host and pathogen, and allow the 
study of the evolution of pathogens (Rollo et al. 2006; 
Devault et al. 2014). In our analysis, we paid special 
attention to endospore-forming bacteria. In addi-
tion to their survival function under adverse envi- 
ronmental conditions, endospores can also play an 
important role in the long-term survival of a species 
(nilsson and Renberg 1990). Bacterial endospores are 
very resistant cell structures of gram-positive bacte-
ria of the phylum Firmicutes (Onyenwoke et al. 2004; 
Wunderlin et al. 2013; 2014). Bacterial endospores are 
used in particular in paleoecology to investigate en-
vironmental changes by analyzing river sediments or 
samples taken from lakes (Lomstein et al. 2012; Wun-
derlin et al. 2014). therefore, it seems reasonable to 
use microbial taxa capable of producing endospores 
as a complement to traditional archaeology methods 
based on artefact detection in order to obtain more 
information on ritualistic behavior concerning not 
only the tarnobrzeg Lusatian culture (SE Poland), but 
also in detecting the anthropogenic activities of oth-
er cultures. A  working hypothesis was that bacterial 
endospores embedded in the porous structure of ce-
ramic vessels permanently altered the microbial con-
tent of the vessel (vascular microbiome). the research 
hypothesis was verified using the genetic analysis of 
bacteria capable of producing spores as a  method 
that supports the archaeological research of boneless 
cemeteries. for this purpose, a  comparative analysis 

of microorganism communities isolated from samples 
taken from archaeological vessels and environmental 
sources were performed. A soil sample taken from the 
vicinity of the grave was used as a  control. further-
more, Klindworth’s designed degenerate primers were 
used for the detection of the 16S ribosomal RnA gene 
to reduce errors in the detection of microbial diversity 
during PcR studies (Klindworth et al. 2013). 

2. Materials and Methods 

2.1. Site Description and Soil Sampling

the samples were collected from the burial 
ground discovered in Dębina 6 (SE Poland) belong-
ing to the tarnobrzeg Lusatian culture. the date of 
the burial ground in Dębina was described as early 
13th/12th century Bc on the basis of the 14c analysis 
with a probability of 2 sigma after calibration in some 
of the wood balk that was also found in the grave cavi- 
ty (data not presented). We chose one of the graves, 
no. 47 (fig. 1), of a  typically irregular form situated 
along a n-S axis and 2.4–0.45/0.8 m dimension. un-
fortunately, no skeletal bones were preserved, but the 
following burial accessories were found in skeletal 
grave no. 47: an undefined brown pin, two earthen-
ware s-shaped pot-type vessels, one earthen bowl, one 
earthen cup, and one small earthen vase. All the burial 
accessories were located in the south part of skeletal 
grave no. 47, probably near the head (fig. 2). the or-
ganization of burial no. 47 was characterized by a sim-
ilar ceramic typology to other burials, as previously 
described by czopek and trybała-zawiślak (2014). 
to increase the probability of the isolation of bacte-
rial species from ancient endospores, it was assumed 
that bacterial spores could have been absorbed into 
the clay matrix of vessels, and therefore soil samples 
were taken directly from the bottom of the cup and 
pot-type vessel. Soil samples were kept at 4°c and 
were used for research several days after sampling. In 
the vicinity of the tomb, soil samples were also col-
lected from four sites (at a distance of 1 meter from 
the grave) and used as controls. 

2.2. Isolation of pure bacterial cultures from 
bacterial endospores and associated environmental 

bacteria from soil

All analyses were performed under sterile con-
ditions. A  soil solution was prepared by dissolving  
1 g of the soil sample in 90 mL of physiological saline 
supplemented with the emulsifying agent tween 80 
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Fig. 1. Dębina, site 6, Poland – site localization and plan of cemetery with grave 47 (prepared by M. Jabłkowski).

(Sigma Aldrich, uSA). the samples were shaken for 
3 hours to elute the endospores and vegetative cells 
of soil microorganisms. In the next step, a serial dilu-
tion method was used to obtain single bacterial colo-
nies. for this purpose, the obtained soil extract was 
then used to prepare fourteen-fold serial dilutions. 
Each 0.1 mL dilution was plated into Petri dishes 
with the nutrient agar in three repeats. to verify the 
presence of endospores in the soil solution, microbio-
logical preparations were prepared and stained using 
the Schaeffer-fulton method and observed under an 
Olympus Bx43 light microscope at 1000x in oil im-
mersion. In the next step, a soil solution was also used 
to prepare a  spore extraction. Most bacteria cannot 
survive heating at 80°c for 10 minutes (pasteuriza-
tion), unlike spores, which are thermally resistant 
and can survive for hours in boiling water. to do this, 
1mL of the dilution (1:10, 1:100) was placed in tubs 
and incubated in the thermoblock for 15 minutes at 
80°c to activate germination. to verify the presence 
of sporulation bacteria, 0.1 mL portions of each dilu-
tion were taken and spread on nutrient agar plates. 
furthermore, inoculations on nA nutrient agar 
(meat extract – 10 g·L−1, peptone – 10 g·L−1, sodium 

chloride – 5 g·L−1, agar – 20 g·L−1, ph – 7.0) and Strep-
tomyces gYM agar (glucose – 4.0 g·L−1; yeast extract 
– 4.0 g·L−1g; malt extract – 10.0 g·L−1; cacO3 – 2.0 
g·L−1; agar – 12.0 g·L−1, ph – 7.2) were used as con-
trols to differentiate vegetative bacterial species from 
the growth of bacterial species after the activation of 
the endospore germination process. Plates were incu-
bated at 37°c for saprophytic and sporulation bacte-
ria for 48 h and at 26°c for Actinomycetes for a period 
of 7 days. colonies were chosen for the isolation DnA 
procedure on the basis of their morphological char-
acteristics, therefore, picking similar colonies that 
developed on the plates at the same time was avoided. 
the isolated bacterial colonies were multiplied in nu-
trient broth at 37°c for 24 h. furthermore, bacterial 
stocks of 40% v/v glycerol were taken from the pre-
pared cultures and maintained at –80°c.

2.3. Preparation of genomic DNA from bacteria

genomic DnA from each sample was isolated us-
ing a standard kit -geneJettM genomic DnA purifica-
tion Kit from fermentas. the quality control of the 
isolated DnA was performed on 1% agarose gel.
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Fig. 2. Dębina, site 6, Poland – skeletal grave 47.
A – plan view and grave profile; B–c – vessels from the skeletal grave in situ (photo by K. trybała-zawiślak);  

D–J – inventory of the skeletal grave (drawn by K. trybała-zawiślak).
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2.4. Identification of isolated bacteria

to examine the microbial community specific to 
the archaeological samples, including activated bacte-
rial species from endospores, we used sequence hap-
lotyping in the locus encoding the 16S rRnA gene. for 
this purpose, we used specially designed degenerate 
primers, according to Klindworth et al. (2013). the 
most promising pair of bacterial primers proposed in 
population studies (SD-Bact-0341-bS-17(5’-cctAc-
gggnggcWgcAg-3’)/SD-Bact-0785-aA-21(5’-
gActAchVgggtAtctAAtcc-3’), with an ampli-
con size of 464 bp, where the taxonomic distribution 
of 16S rDnA amplicons with 16S rDnA fragments 
was experimentally compared directly from the se-
quenced metagenomes. the PcR was carried out in 
50 μL reaction volumes using 5 μL PcR buffer (10x) 
(Sigma Aldrich, uSA), 1 μL Mgcl2 (100 mM) (Sigma 
Aldrich,uSA), 1 μL dntPs (10 mM each) (Sigma Al-
drich, uSA), 2 μL each of forward and reverse primers 
(10 μM) (genomed, Poland), 0.5 μL taq polymerase 
(5 u μL−1) (Sigma Aldrich, uSA), 2–3 μL DnA solu-
tion, and made up to the final volume with ddh2O.  
the thermal cycling program was as follows: initial 
denaturation at 95°c for 5 min, followed by 25 cycles 
consisting of denaturation (95°c for 40 s), annealing 
(2 min) and extension (72°c for 1 min) and a final ex-
tension step at 72°c for 7 min. the PcR products were 
purified using the gEnEJEt PcR purification kit 
(thermo fisher Scientific Inc., uSA), and the cleaned 
PcR products were sequenced using Big Dye termi-
nator cycle Sequencing chemistry (Life technolo-
gies, Poland) using PcR primers. the cleaned prod-
ucts of Sanger sequencing were subjected to capillary 
electrophoresis (genomed, Poland). Sequencing reads 
were analyzed using the ncBI nucleotide sequence 
database search (BLAStn option) and interpreted 
using MEgA6.0 software. the phylogenetic tree was 
inferred using the maximum likelihood method based 
on the K2 model in MEgA software with 1000 boot-
strap replicates. the image of a species-based phyloge-
netic tree was generated using the EtE toolkit (http://
etetoolkit.org/treeview/) (huerta-cepas et al. 2016).

3. Results and Discussion

the main aim of this study was to determine 
whether bacterial spores of the Firmicutes genus can be 
used as “time-space capsules” to reveal past events, with 
potential applications in paleontology, paleoecolo- 
gy, and archaeology. We also focused on the following 
questions: which group of microorganisms grew in an 

environment rich in organic compounds and whether 
the archaeological vessels may have been filled with 
food and then deposited in the grave during ritual cer-
emonies. the last premise in particular is supported 
by the shapes of the archaeological vessels excavated 
from the grave no. 47 in Dębina. Additionally, control 
cultures on nutrient agar, Streptomyces gYM agar, 
and environmental bacteria from samples taken in 
the vicinity of the grave were used to identify spore-
forming bacteria species that grew in an environment 
rich in organic compounds. Sequence analysis of 16S 
bacterial rDnA isolated from the bacterial soil collect-
ed from outside the earthenware vessels allowed us to 
identify the environmental background, which were 
excluded from the analysis. We also isolated species 
specific to archaeological samples with 99% sequence 
similarity to genbank entries (tab. 1; fig. 3).the as-
signment of ambiguity for some species isolates is due 
to the high sequence similarity of the gene encoding 
16S RnA. Our research also shows that the species 
composition of the bacteria isolated from the samples 
is fundamentally different. As a result, the compara-
tive analysis showed that the most characteristic types 
of bacteria in the soil sample taken from the cup were: 
Paenibacillus (Paenibacillus alginolyticus, Paenibacil-
lus chondroitinus, Paenibacillus frigoriresistens, uncul-
tured Paenibacillus sp.) and Psychrobacillus psychro-
durans. Similarly, the most abundant bacterial species 
in the soil sample taken from the pot were: Acineto-
bacter radioresistens and the genus Bacillus (Bacillus 
marisflavi, Bacillus aquimaris, Bacillus vietnamensis) 
(fig. 3, 4). 

the genus Paenibacillus, capable of producing 
endospores, may be particularly important in bioar-
chaeological studies by providing valuable informa-
tion on the contents of cult vessels. It has been sug-
gested that the Paenibacillus genus may cause fatal 
diseases in honeybees; while other species are op-
portunistic pathogens associated with human infec-
tions and others cause spoilage of pasteurized dairy 
products (Alippi et al. 2002; Sáez-nieto et al. 2017). 
In addition, the genus Paeanibacillus is one of the bac-
terial genera regularly identified in soil microbiomes 
and enriched in close proximity to plants. It has been 
documented that throughout domestication, maize 
seeds have maintained a common set of bacteria with 
wild ancestors and each other, including Paenibacillus 
(Johnston-Monje and Raizada 2011). 

A  study of the maize seed microbiome also 
showed that a member of the Paenibacillaceae family 
originates from germinating maize seeds and not from 
the soil (Beirinckx et al. 2020). Interestingly, the pres-



122

Katarzyna Trybała-Zawiślak, Leszek Potocki, Sylwester Czopek, Tomasz Ząbek

Table 1. Presence of different types of bacteria isolated from archaeological vessels and from environmental soil sam-
ples based on 16S rRnA gene sequences. Earth samples collected from archaeological vessels-cup and crock, assay cup1, 
crock1-plating on nA (nutrient agar), cup2, crock2- inoculation samples on nA (nutrient agar) after activation of the 
germination process; cup3, crock3-plating on Streptomyces gYM agar; number after the forward slash indicates the num-
ber of analysed bacterial colonies taken from the medium. Bg-sample of soil taken in the vicinity of the grave. The species 

not detected in the control are marked in red.

Number 
of samples 

constructed 
based on 
sequence 
similarity 

Isolate code 

Maximum 
number of 
sequenced 

bases used in 
alignment. 

Phylogenetic affiliation
Sequence
identity 

(%)

The highest 
16S rRNA 
sequence 
similarity

(Genbank) 

1 2 3 4 5 6

1 BG3/3 391 Pseudomonas 
brassicacearum 99 hQ242755

391 Pseudomonas 
frederiksbergensis 99 KJ567114

391 Pseudomonas lini 99 hQ242757

391 Pseudomonas 
mediterranea 99 hQ242760

391 Pseudomonas putida 99 hf545844

2 crock2/1 387 Acinetobacter 
radioresistens 99 KP763481

3
crock1/4, cup1/4, crock3/5, crock3/7, 

crock3/9, cup3/3, cup 3/5, cup3/7, 
BG3/1

370 Arthrobacter defluvii 99 KM203781

crock1/4, cup1/4, crock3/1, crock3/5, 
crock3/7, crock3/9, cup3/3, cup3/5, 

cup3/7, cup3/9, BG3/1
370 Arthrobacter globiformis 99 KM252929

372 Arthrobacter humicola 99 LK022683

398 Arthrobacter oryzae 99, 100 KR233762

398 Arthrobacter oxydans 99 KR085876

398 Arthrobacter pascens 99, 100 Kt239466

398 Arthrobacter 
phenanthrenivorans 99,100 KR085846

398 Arthrobacter scleromae 99,100 KP739254

398 Arthrobacter siccitolerans 99,100 KP192022

398 Arthrobacter sulfonivorans 99,100 KP192019

4 BG3/2 366 Arthrobacter aurescens 99 AB741459

366 Arthrobacter bambusae 99 KP860526

366 Arthrobacter 
nitroguajacolicus 99 hg941862

366 Arthrobacter 
gyeryongensis 99 Jx141781

366 Arthrobacter 
methylotrophus 99 Ln774207

366 Arthrobacter ramosus 99 Kf958504

5 cup2/4 391 Paenibacillus alginolyticus 99 nR_040893
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1 2 3 4 5 6

391 Paenibacillus chondroitinus 99 KP203953

391 Paenibacillus 
frigoriresistens 99 nR_109546

391 Uncultured Paenibacillus sp. 99 KJ191874

6 BG1/4 388 Bacillus pumilus 100 Kt624198

388 Bacillus safensis 100 KP940383

7 cup1/6, cup 1/7.2, crock3/3, cup3/2, 
BG1/3 395 Bacillus cereus 98, 99 Lc076294

395 Bacillus thuringiensis 98, 99 KP998181

395 Bacillus anthracis 98, 99 cP012519

395 Bacillus subtilis 98, 99 KP986945

cup1/7.2, crock3/3, cup3/2 395 Bacillus toyonensis 98, 99 KM241845

cup1/7.2, crock3/3, cup3/2, BG1/3 395 Bacillus mycoides 98, 99 KM251860

cup1/6 390 Bacillus pseudomycoides 98 hM209758

8 crock2/1, crock2/5 391 Bacillus marisflavi 99 KJ560874

391 Bacillus aquimaris 99 KP178608

391 Bacillus vietnamensis 99 Kc734535

9 crock3/8, BG1/1 386 Bacillus aryabhattai 99 KR006696

crock3/8 387 Bacillus megaterium 99 Kc595869

BG1/1 386 Bacillus megaterium 99 KR822272

10 BG1/2 398 Psychrobacillus 
psychrodurans 97 Kc354598

399 Actinobacterium 97 Eu810854

399 Bacillus cereus 97 KJ922989

11 cup1/1 400 Psychrobacillus 
psychrodurans 99 KM036085

12 cup2/3, BG2/3 388 Azorhizophilus paspali 96,100 Ln874287

388 Bacillus arbutinivorans 96,100 KR131862

388 Bacillus drentensis 96,100 KJ589539

388 Bacillus fumarioli 96,100 Kc354687

388 Bacillus senegalensis 96, 100 AB795570

388 Bacillus thermocopriae 96,100 KP010244

13 crock3/10, crock1/2, crock1/6, 
crock2/2 427 Uncultured bacterium 98,99 AB929995

cup1/3 414 Bacillus sp. 99 Lc065250

14 cup3/10 416 Brevibacterium 
frigoritolerans 98,99,100 KR085896

416 Bacillus megaterium 98,99,100 KP717948

416 Bacillus muralis 98,99,100 KM678279

416 Bacillus simplex 98,99,100 KP993465

416 Bacillus thuringiensis 98,99,100 KP966473
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1 2 3 4 5 6

416 Marine bacterium 98,99,100 KJ814538

392 Paenibacillus sp. 100 Kt200444

416 Psychrobacillus 
psychrodurans 98,99,100 KR088747

15 cup2/1 425 Bacillus muralis 99 Eu977778

cup2/1, cup2/2, crock3/4 425 Bacillus simplex 99 Jf683660

cup2/1, cup2/2, crock2/2, cup1/3, 
cup2/4, cup1/3, crock3/11, crock3/4, 

cup3/1, cup3/6, cup3/8, BG1/6 
424 Paenibacillus sp. 98, 99, 100 Kt200444

424 Psychrobacillus 
psychrodurans 98, 99, 100 KR088747

424 Brevibacterium 
frigoritolerans 98, 99, 100 KR085896

424 Bacillus megaterium 98, 99, 100 KP717948

cup1/3.1, cup2/4, cup1/5, crock3/11, 
crock3/4, cup3/1, cup3/6, cup3/8, 

BG1/6
416 Bacillus thuringiensis 98, 99, 100 KP966473

cup1/3.1, cup2/4, cup1/5, crock3/4, 
cup3/1, cup3/6, cup3/8, BG1/6 416 Marine bacterium 98, 99, 100 KJ814538

Fig. 3. Site-specific culture-based bacterial communities in a) crock; b) cup sampling locations (figure created with 
Biorender.com; prepared by L. Potocki).
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Fig. 4. Phylogenetic relationships of bacteria isolated from archeological vessels and from environmental soil samples based on 16S 
rRnA gene sequences. Scale bar represents 0.02 substitutions per nucleotide position. Escherichia coli strain top 10 is used as outgroup. 
the species not detected in the control are marked in red. Earth samples collected from archaeological vessels-cup and crock, assay 
cup1, crock1-plating on nA (nutrient agar), cup2, crock2-plating on Streptomyces gYM agar, cup3, crock3- inoculation samples on nA 
(nutrient agar) after activation of the germination process; number after forward slash indicates number of analyzed bacterial colony 

taken from the medium. Bg-sample of soil taken in the vicinity of the grave (prepared by L. Potocki).
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ence of this genus is dominant in the microbiome of 
archaeological vessels. therefore, it seems reasonable 
to ask whether the isolated bacteria are descendants of 
ancient bacteria that may have thrived in the nutrient-
rich medium found in the vessels. According to a well-
established view in archaeology, it is assumed that ves-
sels discovered in graves (if they had no other function, 
such as being used as urns filled with bones), includ-
ing additional ceramic grave goods, were originally 
filled with food (Malinowski 1985). Despite the lack 
of evidence for the presence of organic compounds in 
vessels from Dębina, this relationship was confirmed 
in another research work, where the presence of po-
tassium (K) compared to the values of sodium (na) 
was considered an indicator of the presence of organic 
substances; also the case in the analyzed sand samples 
that fill the vessels discovered in graves (Bulska and 
Wróbel 1992). the approach presented here may be 
promising in determining whether certain bacterial 
taxa can be indirect evidence indicating that the above 
vessels were filled with food, cereal seeds or beverages 
(wine, oil, milk, honey) deposited in an act of worship 
(Alippi et al. 2002; De graaf et al. 2006). Analyzes of 
grave fillings and traces on the inner walls of vessels 
carried out at the late Bronze Age and early Iron Age 
cemetery in cottbus (Brandenburg, germany) using 
a mass spectrometer and gas chromatograph revealed 
traces of fatty acids, monostearates and sterols in one 
vessel. the analyzed vessel was originally filled with 
a  liquid substance containing fat (hofmann et al. 
2013). Other analyses (including material from other 
periods), using atomic absorption spectrometry (with 
indicators – the presence of copper in the samples and 
the potassium to sodium ratio), also indicate that ves-
sels placed in graves were filled with organic products 
of animal origin (Bulska et al. 1996). furthermore, 
analysis of the sand from vessels from the Lusatian 
culture cemetery in Maciejowice (Mazovia voivode-
ship) also revealed the presence of organic substances 
(Mogielnicka-urban 1992). 

Does the microbiological profile obtained in our 
study, in which the genus Paeanibacillus as well as oth-
er sporulation species belonging to the genus Bacillus 
dominate in the spore fraction, constitute an indica-
tion of the presence of organic substances in vessels 
from the grave in the Bronze Age cemetery in Dębina? 
there are confirmations that the use of bee products 
by communities at that time were used in the produc-
tion of bronze objects. for example, bronze objects 
were cast using the “lost wax” method, and required 
large amounts of beeswax (Dąbrowski 1992). there are 
also data that indicate that honey in funerary rituals 

had a  symbolic meaning, signifying rebirth and rep-
resenting a  sacrifice to certain deities (cirlot 2007). 
therefore, its presence in funerary rituals should not 
be surprising, especially in the Bronze Age, when its 
“abundance favoured ritual use” (Mierzwiński 2012). 
In the culture of the urnfield cultural circle, the cus-
tom of libation feasts over the grave of the deceased be-
came widespread in the late Bronze Age and Early Iron 
Age, as evidenced by significant archaeological evi-
dence, the number and assortment of small vessels in 
graves. consumption of a honey-based drink seems to 
have been a common ritual and cases of filling bronze 
grave vessels with honey are also known (Rösch 1999; 
Mierzwiński 2012). the fact that bee products were 
used in the production of bronze objects and funerary 
rituals in the Bronze Age further supports the hypoth-
esis that the vessels from Dębina may have contained 
honey. honey is a sticky substance that can leave a resi-
due on surfaces even after it has been removed. these 
residues can be ideal breeding grounds for bacteria 
such as Paenibacillus and Bacillus. Data indicates that 
contaminated honey may serve as an environmental 
reservoir of Paenibacillus larvae spores. their detec-
tion in archaeological vessels may provide evidence of 
organic residues, such as fermented beverages like beer 
and mead-honey wine (Lindström et al. 2008). Despite 
the lack of detection of Paeanibacillus larvae and Pae-
anibacillus alvei in our research, the identification of 
species of the genus Bacillus (B. megaterium, B. cereus, 
B. brevis, B. coagulans, B. subtilis) does not necessarily 
indicate their environmental origin. the literature has 
reported that these species were widespread, as were 
Brevibacillus and Virgibacillus from bee nests (gilliam 
1985; Sáez-nieto et al. 2017). thus, the species compo-
sition of the control samples may not always reflect the 
environmental isolates but can also provide valuable 
information regarding the presence of species com-
mon to test and control samples. 

the microbiological analysis also showed the 
presence of Bacillus muralis, which has been detected 
on the murals of churches, and decorated entrances 
to the graves (heyrman et al. 2005). In this case, the 
identification of the species in the microflora of the soil 
sample taken from the cup may suggest the presence 
of dyes that might have come from the decorated dish. 

In order to confirm the research hypothesis pre-
sented in the paper, further research could include con-
ducting chemical analysis of the vessels to search for the 
residue of honey or other organic substances. Organic 
sediment analysis of ceramics is a relatively new research 
method that is gaining popularity among archeologists. 
this method allows the detection and identification of 
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organic residues, such as fats, proteins, carbohydrates, 
and DnA, which can be preserved in sediments on 
the surface or inside ceramic vessels (Evershed 2008; 
Mayyas et al. 2013; Bondetti et al. 2020). 

In summary, we have shown that the character-
ization of DnA sequence haplotypes of soil bacteria 
derived from endospores can provide an additional 
source of information in the archaeological discovery 
of past funeral rituals in various human populations 
that used food during their ceremonies. the proposed 
method also has some advantages over other analytical 
methods such as eAAS, gc-MS and hPLc, because 
it is based on the analysis of bacterial composition, 
which depends strictly on the availability of specific 
organic and inorganic compounds, e.g., derived from 
animal and food pigments and human bodies. 

Moreover, the presented method of using degen-
erate primers to study the diversity of microorganisms 
obtained from archaeological samples may be an al-
ternative to more expensive metagenomic analyses.

4. Conclusions

the conducted microbiological analysis showed 
a  variable composition of spore bacteria collected 
from archaeological vessels from a  grave. Detection 
of taxa of the genus Paeanibacillus or Bacillus may be 
evidence of anthropogenic rites of burying the dead 
in the tarnobrzeg Lusatian culture. the presented 
bioindication of microorganisms may be a  valuable 
new method supplementing traditional archaeologi-
cal methods. A  very interesting development of the 
analysis was the isolation of a species of Bacillus mura-
lis, often detected as a component of the heterotrophic 
microflora present on the surface of ancient frescoes 
or wall paintings. the presented approach of using 
degenerate primers to study microbial biodiversity in 
archaeological samples may be an alternative to more 
expensive metagenomic analysis.

References

Acinas S. g., Marcelino L. A., Klepac-ceraj V. and Polz M. 
f. 2004. Divergence and redundancy of 16S rRnA se-
quences in genomes with multiple rrn operons. Jour-
nal of Bacteriology 186(9), 2629–2635.

Alippi A. M., López A. c. and Aguilar O. M. 2002. Differen-
tiation of Paenibacillus larvae subsp. larvae, the cause 
of American foulbrood of honeybees, by using PcR 
and restriction fragment analysis of genes encoding 
16S rRnA. Applied and Environmental Microbiology 
68(7), 3655–3660.

Andersen K., Bird K. L., Rasmussen M., haile J., Breuning-
-Madsen h., Kjaer K. h., Orlando L., gilbert M. t. 
and Willerslev E. 2012. Meta-barcoding of “dirt” DnA 
from soil reflects vertebrate biodiversity. Molecular 
Ecology 21(8), 1966–1979.

Beirinckx S., Viaene t., haegeman A., Debode J., Amery f., 
Vandenabeele S., nelissen h., Inzé D., tito R., Raes J., 
De tender c. and goormachtig S. 2020. tapping into 
the maize root microbiome to identify bacteria that 
promote growth under chilling conditions. Microbio-
me 8(1), 54–54.

Bondetti M., Scott S., Lucquin A., Meadows J., Lozovskaya 
O., Dolbunova E., Jordan P. and craig O. E. 2020. fru-
its, fish and the introduction of pottery in the Eastern 
European plain: Lipid residue analysis of ceramic ves-
sels from zamostje 2. Quaternary International 541, 
104–114.

Bulska E. and Wróbel K. 1992. Oznaczanie sodu i  pota-
su w  próbkach piasku. Przegląd Archeologiczny 39,  
120–121.

Bulska E., Wrzesińska A. and Wrzesiński J. 1996. zawar-
tość naczyń grobowych – próba analizy i interpretacji. 
Studia Lednickie 4, 345–356. 

cano R. J., tiefenbrunner f., ubaldi M., Del cueto c., Lu-
ciani S., cox t., Orkand P., Künzel K. h. and Rollo f. 
2000. Sequence analysis of bacterial DnA in the colon 
and stomach of the tyrolean Iceman. American Jour-
nal of Physical Anthropology 112(3), 297–309.

cirlot J. E. 2007. Słownik symboli. Kraków: znak.

czopek S. and trybała-zawiślak K. 2014. Wybrane aspekty 
obrządku pogrzebowego we wczesnej fazie tarnobrze-
skiej kultury łużyckiej na przykładzie stanowiska 6 
w Dębinie, pow. łańcucki. In D. Kozak (ed.), Naukovì 
studìï, 7: Kul´toví ta pohoval´ní pam’âtki u  Víslo-
-Dníprovs´komu regíoní: problem íinterpretacï. Vinni-
ki, Lʹvìv: Vidavnictvo Aprìorì, 118–130. 

Dąbrowski J. 1992. uwagi o handlu brązem. In S. czopek 
(ed.), Ziemie polskie we wczesnej epoce żelaza i ich po-
wiązania z innymi terenami. Rzeszów: Muzeum Okrę-
gowe w Rzeszowie, 81–89.

De graaf D. c., Alippi A. M., Brown M., Evans J. D., fel-
dlaufer M., gregorc A., hornitzky M., Pernal S. f., 
Schuch D. M., titera D., tomkies V. and Ritter W. 
2006. Diagnosis of American foulbrood in honey 
bees: a  synthesis and proposed analytical protocols. 
Letters in Applied Microbiology 43(6), 583–590.

Devault A. M., McLoughlin K., Jaing c., gardner S., Por-
ter t. M., Enk J. M., Thissen J., Allen J., Borucki M., 
DeWitte S. n., Dhody A. n. and Poinar h. n. 2014. 
Ancient pathogen DnA in archaeological samples 
detected with a Microbial Detection Array. Scientific 
Reports 4, 4245–4245.



128

Katarzyna Trybała-Zawiślak, Leszek Potocki, Sylwester Czopek, Tomasz Ząbek

Evershed R. P. 2008. Experimental Approaches to the Inter-
pretation of Absorbed Organic Residues in Archaeolo-
gical ceramics. World Archaeology 40(1), 26–47 (http://
www.jstor.org/stable/40025312, access: 24.10.2023). 

fernández P. L. 2012. Palaeopathology: The Study of Dise-
ase in the Past. Pathobiology 79(5), 221–227.

gilliam M. 1985. Microbes from apiarian sources: Bacillus 
spp. in frass of the greater wax moth. Journal of Inver-
tebrate Pathology 45(2), 218–224.

grund B. S., Williams S. E. and Surovell t. A. 2014. Viable 
paleosol microorganisms, paleoclimatic reconstruction, 
and relative dating in archaeology: a test case from hell 
gap, Wyoming, uSA. Journal of Archaeological Science 
46, 217–228.

heyrman J., Logan n. A., Rodríguez-Díaz M., Scheldeman P.,  
Lebbe L., Swings J., heyndrickx M. and De Vos P. 
2005. Study of mural painting isolates, leading to the 
transfer of “Bacillus maroccanus” and “Bacillus carota-
rum” to Bacillus simplex, emended description of Ba-
cillus simplex, re-examination of the strains previously 
attributed to “Bacillus macrolides” and description of 
Bacillus muralis sp. nov. International Journal of Syste-
matic and Evolutionary Microbiology 55(1), 119–131.

hofmann K. P. 2012. (review) Alexander gramsch, Ritual 
und Kommunikation. Altersklassen und geschlech-
terdifferenz im spätbronze- und früheisenzeitlichen 
gräberfeld cottbus Alvensleben-Kaserne (Branden-
burg), 2010. Archäologische Informationen 35, 297–302.

huerta-cepas J., Serra f. and Bork P. 2016. EtE 3: Recon-
struction, Analysis, and Visualization of Phyloge-
nomic Data. Molecular Biology and Evolution 33(6), 
1635–1638.

Johnston-Monje D. and Raizada M. n. 2011. conserva-
tion and diversity of seed associated endophytes in 
zea across boundaries of evolution, ethnography and 
ecology. PLoS One 6(6), 1–22. DOI: 10.1371/journal.
pone.0020396.

Klindworth A., Pruesse E., Schweer t., Peplies J., Quast c., 
horn M. and glöckner f. O. 2013. Evaluation of gene-
ral 16S ribosomal RnA gene PcR primers for classical 
and next-generation sequencing-based diversity stu-
dies. Nucleic Acids Research 41(1), 28.

Lindström A., Korpela S. and fries I. 2008. The distribution 
of Paenibacillus larvae spores in adult bees and honey 
and larval mortality, following the addition of Ameri-
can foulbrood diseased brood or spore-contaminated 
honey in honey bee (Apis mellifera) colonies. Journal 
of Invertebrate Pathology 99(1), 82–86.

Lomstein B. A., Langerhuus A. t., D’hondt S., Jørgensen B. 
B. and Spivack A. J. 2012. Endospore abundance, mi-
crobial growth and necromass turnover in deep sub-
-seafloor sediment. Nature 484(7392), 101–104.

Malinowski t. 1985. Wielkopolska w otchłani wieków. Po-
znań: Wydawnictwo Poznańskie.

Margesin R., Siles J. A., cajthaml t., Öhlinger B. and Kistler 
E. 2017. Microbiology Meets Archaeology: Soil Micro-
bial communities Reveal Different human Activities 
at Archaic Monte Iato (Sixth century Bc). Microbial 
Ecology 73(4), 925–938.

Mayyas A., Douglas K., hoffmann t., Thorenz u., Yaseen I. 
B. and Mohammed E. K. 2013. Organic residues prese-
rved in archaeological ceramics from the early bronze 
age site of khirbet al-batrawy in north-central Jordan. 
Mediterranean Archaeology and Archaeometry 13(2), 
189–206.

Mierzwiński A. 2012. Biesiady w rytuale pogrzebowym nad-
odrzańskiej strefy pól popielnicowych. Wrocław: Insty-
tut Archeologii i Etnologii Polskiej Akademii nauk.

Mitusov A. V., Mitusova O. E., Pustovoytov K., Lubos c. c.-
M., Dreibrodt S. and Bork h.-R. 2009. Palaeoclimatic 
indicators in soils buried under archaeological monu-
ments in the Eurasian steppe: a review. The Holocene 
19(8), 1153–1160.

Mogielnicka-urban M. 1992. Próba interpretacji naczyń 
nie zawierających kości z cmentarzyska kultury łużyc-
kiej w Maciejowicach, woj. Siedlce. Przegląd Archeolo-
giczny 39, 101–120.

Moodley Y., Linz B., Yamaoka Y., Windsor h. M., Breu-
rec S., Wu J. Y., Maady A., Bernhöft, S., Thiberge J. 
M., Phuanukoonnon S., Jobb g., Siba P., graham D. 
Y., Marshall B. J. and Achtman M. 2009. The peopling 
of the Pacific from a  bacterial perspective. Science 
323(5913), 527–530.

nilsson M. and Renberg I. 1990. Viable endospores of Ther-
moactinomyces vulgaris in lake sediments as indica-
tors of agricultural history. Applied and Environmental 
Microbiology 56(7), 2025–2028.

Onyenwoke R. u., Brill J. A., farahi K. and Wiegel J. 2004. 
Sporulation genes in members of the low g+c gram-
-type-positive phylogenetic branch (firmicutes). Ar-
chives of Microbiology 182(2–3), 182–192.

Rollo f. u., Ermini L., Luciani S., Marota I. and Olivieri 
c. 2006. The study of bacterial DnA in ancient hu-
man mummies. Journal of Anthropological Sciences 
84, 53–64.

Rösch M. 1999. Evaluation of honey resideus from Iron 
Age hill-top sistes in south-western germany: impli-
cations for local and regional land use and vegetation 
dynamics. Vegetation History and Archaeobotany 8, 
105–112.

Sáez-nieto J. A., Medina-Pascual M. J., carrasco g., garrido 
n., fernandez-torres M. A., Villalón P. and Valdezate S. 
2017. Paenibacillus spp. isolated from human and envi-

https://doi.org/10.1371/journal.pone.0020396
https://doi.org/10.1371/journal.pone.0020396


Bacterial Endospores as an Additional Source of Archaeological Knowledge in the Analysis of a Burial Cemetery of the Tarnobrzeg Lusatian Culture...

ronmental samples in Spain: detection of 11 new spe-
cies. New Microbes and New Infections 19, 19–27.

Spyrou M. A., Bos K. I., herbig A. and Krause J. 2019. An-
cient pathogen genomics as an emerging tool for infec-
tious disease research. Nature Reviews Genetics 20(6), 
323–340.

Stantis c., Kinaston R. L., Richards M. P., Davidson J. 
M. and Buckley h. R. 2015. Assessing human Diet 
and Movement in the tongan Maritime chiefdom 
using Isotopic Analyses. PLoS One 10(3), 1–27. DOI: 
10.1371/journal.pone.0123156.

Wunderlin t., Junier t., Roussel-Delif L., Jeanneret n. and 
Junier P. 2013. Stage 0 sporulation gene A as a mole-

cular marker to study diversity of endospore-forming 
firmicutes. Environmental Microbiology Reports 5(6), 
911–924.

Wunderlin t., Junier t., Roussel-Delif L., Jeanneret n. and 
Junier P. 2014. Endospore-enriched sequencing appro-
ach reveals unprecedented diversity of firmicutes in 
sediments. Environmental Microbiology Reports 6(6), 
631–639.

zink A. R., Sola c., Reischl u., grabner W., Rastogi n., Wolf 
h. and nerlich A. g. 2003. characterization of Myco-
bacterium tuberculosis complex DnAs from Egyptian 
mummies by spoligotyping. Journal of Clinical Micro-
biology 41(1), 359-67. DOI: 10.1128/JcM.41.1.359-
367.2003.



ANALECTA

ANALECTA

A
N
A
LEC

T
A

A
N
A
LEC

T
A

A
N
A
LEC

T
A

A
N
A
LEC

T
A

A
N
A
LEC

T
A


