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Abstract

Methanogens are detected in human gut from the first moments of life and there is a diversification of methanogens during

infancy. However, the sources of acquisition of methanogens are not elucidated. We therefore investigated 49 dairy products as po-

tential sources by applying molecular biology search for methanogens. In the presence of negative controls, we obtained an overall

prevalence of 85.7% (42/49) of methanogens by real-time PCR. Further PCR-sequencing identified Methanobrevibacter smithii (M.

smithii) in 41 cases (83.6%) and Methanobrevibacter oralis (M. oralis) in one case (2%); with sequences exhibiting a 100 % and

99.82% identity with respective reference sequences for M. smithii and M. oralis. We observed a significant presence (p-value=0.002)

of methanogens in unfermented dairy products compared to fermented dairy products. This study demonstrates, for the first time,

the presence of M. oralis in dairy products and thus gives credit to the fact that dairy products could be a source of methanogens in

children.
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Introduction

Methanogens represent the archaea most present in the mam-
malian microbiota, especially in the human digestive microbiota
where they account for 10% digestive tract of the anaerobic mi-
croorganisms [1,2]. Methanogens are detected in humans from
birth [3] and there is a diversification of methanogens in humans
over the years: while only Methanobrevibacter smithii (M. smithii)
has been detected and cultured in the neonates [3-7], M. smithii,
Methanosphaera stadtmanae (M. stadtmanae), Methanomassili-
icoccus luminiyensis, Methanobrevibacter arboriphilicus, Metha-

nobrevibacter oralis (M. oralis), Ca. Methanomethylophilus alvus

and Ca. Methanomassiliicoccus intestinalis have been isolated the
stools of adults [8,9]. The various sources for each one of these
different species remain unknown. Accordingly, a recent study
demonstrated that the presence of methanogens in human stools
is linked to the consumption of dairy products [10]; but this study
targeted only two of the seven strains of methanogens present in
the human digestive tract, namely M. smithii and M. stadtmanae.
Therefore, we further explored the presence of methanogens in
dairy products using molecular biology techniques to target all

methanogens currently known in the human digestive tract.
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Materials and Methods
Sampling of dairy products

We have investigated the presence of methanogens in differ-

ent types of dairy products including unfermented dairy products

86
(formula milk, fresh milk, and fresh cheese) and fermented dairy
products (yogurt and fermented milk) (Table 1). All these dairy
products were purchased in randomly selected supermarkets in

Marseille, France in November 2019.

Dairy products | Samples | Real-time | PCR-se- Methanobrevibacter species p-value
analyzed PCR quencing
Unfermented Fresh cheese 5 5 5 M. smithii
dairy products Fresh milk 8 8 8 M. smithii
Formula milk 16 16 16 M. smithii and M. oralis
Fermented Yogurt 10 7 M. smithii 0.002%*
dairy products | Fermented milk 10 6 6 M. smithii

Table 1: Distribution of dairy products according to the number and results of real-time PCR and PCR-sequencing.

**: High significant.

DNA extraction and PCR assays

DNA extraction was performed as previously described [9].
Briefly, for cheeses, yogurt and formula milk, 0.2 g was suspended
in 200 pL of ultrapure water (Fisher Scientific, Illkirch, France),
and a sonication step was performed for 30 minutes. DNA was
then extracted with the EZ1 Advanced XL Extraction Kit (QIAGEN,
Hilden, Germany) using 200 pL as sample volume and 200 pL as
the elution volume. For fresh milk and fermented milk, 200 pL
were taken and a sonication step was performed for 30 minutes
as above. DNA was then extracted with the EZ1 Advanced XL Ex-
traction Kit (QIAGEN) using 200 pL as the sample volume and 200
uL as the elution volume. The PCR assays targeting the 16S rRNA
gene of methanogens, including real-time PCR and PCR-sequenc-
ing were performed to investigate the presence of methanogens in
dairy products using primer pairs and PCR conditions described
previously [11,12]. Sterile phosphate buffered saline (PBS) (Fisher
Scientific, Illkirch, France) was used as a negative control in each

DNA amplifications steps.

Phylogenetic analyses

Sequences were edited using ChromasPro software (Chro-
masPro 1.7, Technelysium Pty Ltd., Tewantin, Australia). Molecular
phylogenetic and evolutionary analyses were conducted in MEGA7

as previously described [13].

Statistical analyses

Data were analyzed with RStudio (https://www.R-project.org/)
by chi-square test (** p < 0.01, * p < 0.05, ns: non-significant). We
used the former to compare the proportion of methanogen detec-
tion by real-time PCR in fermented dairy products compared to un-

fermented dairy products.

Results and Discussion

We investigated the presence of methanogens in 49 dairy
products including 29 unfermented dairy products, and 20 fer-
mented dairy products (Table 1). The overall prevalence of meth-
anogens in dairy products was 85.7% (42/49) by real-time PCR.
The prevalence of methanogens in fermented dairy products was
65% (13/20) versus 100% (29/29) in unfermented products (p-
value=0.002). The results here reported were authentified by the
fact that negative controls introduced in all experiments, remained
negative. PCR-sequencing yielded M. smithii in 41 cases (83.6%)
exhibiting a 100% sequence similarity with the reference 16S
rRNA gene sequence of M. smithii ATCC 35061 (accession NCBI:
NR_074235) isolated from human stool. Our results are consistent
with those in the literature where M. smithii was found in dairy
products [10]. However, we also found for the first time M. oralis in
one case in one formula milk and this sequence had 99.82% simi-
larity with the sequence of the reference 16S rRNA gene of M. oralis
CSUR P5920 (NCBI accession: LR590665.1) isolated from Breast
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milk of healthy breast-feeding mother. The phylogenetic tree pro-
duced confirmed this similarity with a clustering of the formula
milk sequence of M. oralis to the reference sequence of M. oralis

(Figure 1). In addition, statistical analysis has shown that there is

87
no significant correlation between the presence of methanogens
in fermented and unfermented dairy products, suggesting that fer-
mentation processes have no impact on the DNA of methanogens

present in dairy products.

Formula milk sequenca

59.82

LR590665.1 Methanobrevibacter oralis

NR 074235.1 Methanobrevibacter smithii

NR 118368.1:246-806 Methanosphaera stadtmanae

@ 5equenceof M. oralis foundin formula mik

.Soqum(. of M. oralis CSUR P5920 (NCBI accession: LRES06ES. 1) isclated from Breast milk of healthy breast-feeding mother
@ Sequenceof M. smithi ATCC 35061 (accession NCBI: NR_074235) isclated from human stool

@Ot of group control

0.0100

Figure 1: Molecular phylogenetic analysis, based on 16S rRNA partial gene, showed the position of M. oralis sequence detected in
formula milk. The evolutionary history was inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length
=0.11730134 is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1. 000
replicates) are shown next to the branches. The tree is drawn to scale, with branch lengths in the same units as those of the evolution-
ary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite Likelihood
method and are in the units of the number of base substitutions per site. The analysis involved 4 nucleotide sequences. All positions
containing gaps and missing data were eliminated. There was a total of 549 positions in the final dataset. Evolutionary analyses were
conducted in MEGA7.
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the first hours of life.

Citation: Ghiles Grine,, et al. “First Detection of Methanobrevibacter oralis in Dairy Products". Acta Scientific Medical Sciences 5.9 (2021): 85-88.



First Detection of Methanobrevibacter oralis in Dairy Products

Conflicts of Interest

All the authors declare that there is no conflict of interest.

Bibliography

1.

10.

11.

VD Nkamga,, et al. “Archaea: Essential inhabitants of the hu-
man digestive microbiota”. Human Microbiome Journal 3
(2017): 1-8.

CO Guindo. “Digestive tract methanodrome: Physiological
roles of human microbiota-associated methanogens”. Micro-
bial Pathogenesis (2020): 8.

G Grine., et al. “Methanobrevibacter smithii, a methanogen
consistently colonising the newborn stomach”. European Jour-
nal of Clinical Microbiology and Infectious Diseases 36 (2017):
2449-2455.

T Odamaki., et al. “Age-related changes in gut microbiota
composition from newborn to centenarian: a cross-sectional
study”. BMC Microbiology 16 (2016): 90.

JE Koenig,, et al. “Succession of microbial consortia in the de-
veloping infant gut microbiome”. Proceedings of the National
Academy of Sciences 108 (2011): 4578-4585.

C Palmer, et al. “Development of the Human Infant Intestinal
Microbiota”. PLoS Biology 5 (2007): e177.

A Mihajlovski,, et al. “Molecular evaluation of the human gut
methanogenic archaeal microbiota reveals an age-associated
increase of the diversity”. Environmental Microbiology Reports
2 (2010): 272-280.

E Sogodogo., et al. “Methanogens as emerging pathogens in
anaerobic abscesses”. European Journal of Clinical Microbiol-
ogy and Infectious Diseases 38 (2019): 811-818.

CO Guindo,, et al. “Culture of salivary methanogens assisted by
chemically produced hydrogen”. Anaerobe 61 (2020): 102128.

JAA van de Pol,, et al. “Gut Colonization by Methanogenic Ar-
chaea Is Associated with Organic Dairy Consumption in Chil-
dren”. Frontiers in Microbiology 8 (2017).

CO Guindo,, et al. “Diversity of Methanogens in Animals”. Gut
(2021): 10.

12.

13.

14.

88
Y Sereme., et al. “Meconial Methanobrevibacter smithii sug-
gests intrauterine methanogen colonization in preterm neo-
nates”. Current Research in Microbial Sciences (2021): 100034.

S Kumar, et al. “MEGA7: Molecular Evolutionary Genetics
Analysis Version 7.0 for Bigger Datasets”. Molecular Biology
and Evolution 33 (2016): 1870-1874.

AH Togo., et al. “Culture of Methanogenic Archaea from Human
Colostrum and Milk”. Scientific Report 9 (2019): 18653.

Volume 5 Issue 9 September 2021
© Allrights are reserved by Ghiles Grine., et al.

Citation: Ghiles Grine, et al. “First Detection of Methanobrevibacter oralis in Dairy Products". Acta Scientific Medical Sciences 5.9 (2021): 85-88.


https://doi.org/10.1016/j.humic.2016.11.005
https://doi.org/10.1016/j.humic.2016.11.005
https://doi.org/10.1016/j.humic.2016.11.005
https://www.sciencedirect.com/science/article/abs/pii/S0882401020307919
https://www.sciencedirect.com/science/article/abs/pii/S0882401020307919
https://www.sciencedirect.com/science/article/abs/pii/S0882401020307919
https://doi.org/10.1007/s10096-017-3084-7
https://doi.org/10.1007/s10096-017-3084-7
https://doi.org/10.1007/s10096-017-3084-7
https://doi.org/10.1007/s10096-017-3084-7
https://doi.org/10.1186/s12866-016-0708-5
https://doi.org/10.1186/s12866-016-0708-5
https://doi.org/10.1186/s12866-016-0708-5
https://doi.org/10.1073/pnas.1000081107
https://doi.org/10.1073/pnas.1000081107
https://doi.org/10.1073/pnas.1000081107
https://doi.org/10.1371/journal.pbio.0050177
https://doi.org/10.1371/journal.pbio.0050177
https://doi.org/10.1111/j.1758-2229.2009.00116.x
https://doi.org/10.1111/j.1758-2229.2009.00116.x
https://doi.org/10.1111/j.1758-2229.2009.00116.x
https://doi.org/10.1111/j.1758-2229.2009.00116.x
https://doi.org/10.1007/s10096-019-03510-5
https://doi.org/10.1007/s10096-019-03510-5
https://doi.org/10.1007/s10096-019-03510-5
https://doi.org/10.1016/j.anaerobe.2019.102128
https://doi.org/10.1016/j.anaerobe.2019.102128
https://doi.org/10.3389/fmicb.2017.00355
https://doi.org/10.3389/fmicb.2017.00355
https://doi.org/10.3389/fmicb.2017.00355
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7822204/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7822204/
https://doi.org/10.1016/j.crmicr.2021.100034
https://doi.org/10.1016/j.crmicr.2021.100034
https://doi.org/10.1016/j.crmicr.2021.100034
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1038/s41598-019-54759-x
https://doi.org/10.1038/s41598-019-54759-x

