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Abstract

Background: Sequence-based methods for the detection of bacteria such as 165 rRNA amplicon sequencing and
metagenomics can provide a comprehensive view of the bacterial microbiome of food. These methods rely on

the detection of gene sequences to indicate the presence of viable bacteria. This indirect form of detection can be
prone to experimental artefacts. Sample handling and processing are key sources of variation that require standard
approaches. Extracting sufficient quantities of high quality DNA from food matrices is challenging because target
bacterial species are usually minor components of the microbiota and foods contain an array of compounds that are
inhibitory to downstream DNA applications. Here, three DNA extraction methods are compared for their ability to
extract high quality bacterial DNA from retail chicken breast rinses, with or without enrichment. Method performance
was assessed by comparing ease of use, DNA yield, DNA quality, PCR amplicon yield, and the detection of bacterial
taxa by 16S rRNA amplicon sequencing.

Results: All three DNA extraction methods yielded DNA of sufficient quantity and quality to perform quantitative
PCR and 16S rRNA amplicon sequencing. The extraction methods differed in ease of use, with the two commercial
kits (PowerFood, PowerSoil) offering considerable time and cost savings over a hybrid method that used laboratory
reagents for lysis and commercial column based kits for further purification. Bacterial richness as determined by 16S
rRNA amplicon sequencing was similar across the three DNA extraction methods. However, differences were noted in
the relative abundance of bacterial taxa, with significantly higher abundance of Gram-positive genera detected in the
DNA samples prepared using the PowerFood DNA extraction kit.

Conclusion: The choice of DNA extraction method can affect the detection of bacterial taxa by 165 rRNA amplicon
sequencing in chicken meat rinses. Investigators should be aware of this procedural bias and select methods that are
fit for the purposes of their investigation.

Keywords: 165 rRNA amplicon sequencing, Bacterial culture, Culture independent detection, Biotyper, DNA
extraction, Metagenomics, Poultry meat

The bacterial microbiome of meat is a dynamic collec-
tion of organisms that changes in response to multiple
factors encountered during the rearing and processing of
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such as spoilage organisms, lactic acid producing bac-
teria, hygiene indicators, and pathogens [1]. The impact
these bacteria have on human health, food quality, and
food safety underscores the importance of reliable detec-
tion, identification, and quantification of bacteria in
foods.

Bacterial species of economic or safety concern may
not be the largest proportion of the microbiota. Patho-
gens, particularly may be present in foods at low num-
bers [2]. Therefore, procedures for their detection often
involve a non-selective enrichment period wherein the
analytical unit is incubated in microbiological broth
media. This enrichment period allows bacteria to recover
from stress and injury and grow to detectable levels. Tra-
ditional detection methods employ 18 — 24 h enrichment
periods followed by plating onto solid agar media for col-
ony isolation and identification. These methods are tai-
lored to specific taxa of interest and thus offer a narrow
view of the types of bacteria present in meat. Addition-
ally, the methods may select for the most robust, typical
strains of a genus. Injured or stressed cells and unusual
variants can be missed. Rapid methods forgo plating
onto agar for the molecular detection of specific patho-
gen moieties (e.g., DNA sequence for PCR, surface anti-
gens for ELISA). However, these methods also require an
enrichment period in broth to reach the sensitivity (e.g.,
one cell in a 25 g analytical unit) required to make regula-
tory decisions [3].

Sequence based detection methods such as metagen-
omics and 16S rRNA amplicon sequencing use nucleic
acids extracted directly from samples of interest. The
DNA is subject to sequencing and bacteria are identified
based on the detection of specific sequences in the pool
of total DNA. This approach offers comprehensive but
indirect presence/absence testing at high levels of reso-
lution. In the field of food microbiology, sequence-based
detection tools hold the promise of analyzing the entire
bacterial community structure of foods without the need
for extensive culturing. Forgoing this requirement would
enable the detection of multiple species per sample,
including difficult to detect bacteria, injured cells, VBNC
cells, unusual variants, and multiple strains of the same
species [4].

With routine sequencing runs approaching 50 million
reads, detection of bacterial sequences enables in-depth
analysis of a microbial community, but the method is
prone to bias and experimental artifacts. Study design
parameters such as DNA extraction methods, sample
handling, and sequencing methodology can affect the
levels and types of sequence reads detected [5, 6]. To
date, DNA extraction protocols for microbiome analyses
have largely focused on environmental and clinical sam-
ples [7, 8] and data on food matrices, particularly meat, is
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lacking. Food matrices present unique challenges to the
extraction of high-quality DNA for downstream analysis.
Gene amplification reactions by PCR can be inhibited
by high concentrations of protein and fat [9]. Addition-
ally, the presence of low numbers of target species such
as pathogens in meat often requires enrichment to reach
detectable levels [2, 10]. Typically, cultures are enriched
overnight (18 — 24 h) to enable growth and recovery of
target organisms. However, with some rapid detection
methods, a shorter 6 h enrichment is possible [10]. Even
with enrichment, certain media components may inter-
fere with the activity of enzymes needed for molecular
analyses [9]. Additionally, the presence of high abun-
dance taxa can mask the presence of sparse communities
due to inefficient growth, or poor lysis of cells. Therefore,
the objective of this study was to compare the perfor-
mance of three DNA extraction methods on the detec-
tion of bacteria taxa in retail chicken breast surface rinses
without enrichment or enriched for 6 or 18 h. Chicken
meat is an important source of bacterial pathogens such
as Campylobacter and Salmonella, and poultry rinses are
often targeted for food safety monitoring programs [1].
The DNA extraction methods were chosen based on their
ability to extract DNA from difficult sample matrices.
Performance was assessed based on ease of use, DNA
yield, DNA quality, PCR amplicon yield, and the compo-
sition of the chicken breast microbiome as determined by
16S rRNA amplicon sequencing.

Materials and methods

Chicken breast samples and sampling procedure

Two boneless, skinless chicken breasts packaged in the
same retail pack were used for this study. To mimic con-
ditions in a routine testing lab and to prevent the growth
of spoilage organisms, chicken breasts were stored at
-20 °C after purchase and thawed at 4 °C the night pre-
ceding the experiment. A rinsate of each chicken breast
was prepared by placing each breast in a sterile sampling
bag and submerging in 225 mL buffered peptone water
(BPW; Oxoid, Nepean, ON, Canada). Samples were thor-
oughly mixed by massaging and shaking intermittently
for 1 min. Each sample was portioned as follows: 100 mL
of rinsate was incubated at 35 °C for 6 h, 100 ml of rinsate
was incubated 35 °C for 18 h, the remaining rinsate was
used as the no enrichment sample (0 h) (Fig. 1). At each
time point (0 h, 6 h, and 18 h), aliquots of each rinse/
broth culture were serially diluted and plated in duplicate
on plate count agar (PCA, Oxoid) for total aerobic meso-
philic bacteria enumeration results and bacterial colony
identification. Equal portions (5 mL) of each rinse/broth
culture were removed and snap-frozen in liquid N2 and
stored short-term at -80 °C prior to DNA extraction.
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Fig. 1 Flow diagram illustrating the sample handling and analysis of chicken breast samples. Two fresh boneless, skinless chicken breasts taken
from the same retail package were used in this study (n = 2). Each chicken breast was rinsed in buffered peptone water (BPW). The rinsate was
divided into three portions and each was incubated as indicated (no enrichment, 6 h enrichment, and 18 h enrichment). Samples from each
portion and enrichment time were removed for cryopreservation and agar plating. Culture independent analysis was performed with the no
enrichment cryopreserved sample. Culture-based analysis involved culturing the rinsate in broth followed by plating on agar and colony
identification using a Biotyper. Broth analysis involved collecting the cells following enrichment for DNA extraction and 16S rRNA analysis

Bacterial colony identification

For the culture-based detection, all of the colonies from
the PCA plates from each time point (no enrichment,
6 h enrichment, and 18 h enrichment) that had between
30 — 300 CFU/plate were identified. A benchtop matrix-
assisted time-of flight mass (MALDI-TOF) spectrom-
eter (Bruker Daltonics GmbH & Co. KG, Milton, ON,
Canada) was used as described previously using MALDI
Biotyper® 3.1 and BDAL v. 9.0.0 (8468) [11]. Reported
results are of colonies with high-confidence identification
scores (>1.70). Colonies with lower confidence identifi-
cation scores (<1.70) are reported as unidentified [12].
Relative abundances were calculated as the percent of
colonies of each genus out of the total number of colonies

analyzed. Results from both chicken breasts were com-
bined and reported as one.

DNA extraction

Total DNA was extracted from each chicken breast sam-
ple after three enrichment time points (0 h, 6 h, and
18 h) in duplicate. The performance of two commercially
available DNA extraction kits (DNeasy PowerFood and
DNeasy PowerSoil, both from Qiagen, Germantown,
MD) was compared to a hybrid method [13]. Briefly, the
hybrid method used laboratory reagents and zirconia
beads to achieve cell lysis through chemical and mechan-
ical means. The released DNA was precipitated using
ethanol and purified further using the QlAamp DNA
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Stool Mini Kit (Qiagen) and the OneStep PCR Inhibi-
tor Removal Kit (Zymo-Research Corp., Irvine, CA).
Purified DNA samples were quantitated using a Qubit 4
fluorometer and a broad range nucleic acid kit (Thermo
Fisher Scientific, Ottawa, ON, CA). Quality assessment
was based on A260/A280 using a Nanodrop UV spectro-
photometer for DNA purity (Thermo Fisher Scientific,
Ottawa, ON, CA) and appearance on a 0.8% agarose-TBE
gel for DNA integrity.

Quantitative PCR

The ratio of bacterial (16S rRNA rRNA) and host (18S
rRNA) DNA was determined by quantitative PCR (qPCR)
using the primers listed in Table 1 [14, 15]. JPCR mas-
ter mixes consisted of 1X SsoAdvanced Universal SYBR
Green Supermix (Bio-Rad Laboratories, Saint-Laurent,
QC, CA), 1.0 pM primers, 0.2 pM probe, and 1 ng tem-
plate per qPCR reaction. Cycling was done in a CFX96
Real time PCR Detection system (Bio-Rad) at 95 °C for
10 min, followed by a 2 step setting of 95 °C for 15 s and
60 °C for 60 s for 45 cycles. Standard curves were con-
structed using tenfold serial dilutions of Cryptosporidium
parvum oocyst DNA (18S rRNA, Waterborne, Inc.) and
a pooled aliquot of all of the DNA samples extracted
for this study (16S rRNA). Standard curve analysis and
amplicon quantitation were carried out using CFX Man-
ager v. 3.1 (Bio-Rad).

16S rRNA amplicon sequencing

16S rRNA amplicon sequencing libraries were con-
structed using the Quick-16S rRNA NGS Library Prep
Kit and Quick-16S rRNA Primer Set V3-V4 following
the High Microbial DNA protocol (Zymo Research Corp,
Irvine, CA, USA) using 20 ng input DNA. Paired-end
[lumina sequencing was performed on a MiSeq instru-
ment with kit v3 chemistry, 2 x 300 bp as specified by the
manufacturer (Illumina Inc., San Diego, CA, USA).

Table 1 16S rRNA rRNA and 18S rRNA gPCR primers and probes
used in this study

Primer/Probe Target Sequence /reporter dye/ Reference

Euk1141F 18S rRNA GAATTGACGGAAGGG 15
CACCAC

Euk1440R 185 rRNA GGCATCACAGACCTGTTAT 15

Euk1266-Probe 185 rRNA /56-FAM/TG GTG GTG 15
C/ZEN/ATGG CCGTTC
TT/3IABKFQ/

BactQF 16S RNATRNA  CCTACGGGDGGCWGCA 14

BactQR 16S RNATRNA  GGACTACHVGGGTMTCT 14
AATC

BactQ-Probe 16S rRNA rRNA - /5HEX/CA GCA GCC G/ 14
ZEN/C GGT A/3IABKFQ/
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16S rRNA amplicon read processing and taxonomic
classification

Reads were processed using Cutadapt v2.4 [16] to
remove adapter and barcode sequences by length (-u 16
or 24 flag for forward and reverse reads respectively),
and trim 3’ end low quality nucleotides (using -q 20
flag). Paired-end reads were merged using Pear v0.9.6
with minimum length (-n 100) and quality threshold
(-q 20) commands, [17] and fed into QIIME 2 v2019.7.0
[18] for further processing and OTU picking. Denois-
ing, chimera removal and dereplication of reads were
performed with Deblur [19] and the qiime deblur
denoise-other function within QIIME 2 using the 90%
similarity SILVA database (release 132: 10/04/2018,
Quast et al., 2013) and —p-trim-length 350. Closed
reference OTU similarity clustering and taxonomic
assignment were performed using the QIIME 2 vsearch
cluster-features-closed-reference and feature-classifier
classify-consensus-vsearch commands and the SILVA
database (release 132: 10/04/2018) at 97% similarity.

16S rRNA microbial community analysis

Phyloseq v1.34 [20] was used to rarefy OTUs to 5000
reads/sample, calculate alpha and beta diversities, and
determine relative abundances of taxa within sam-
ples. Samples were rarefied using the rarefy even_
depth command with a sample size of 5000, random
seed of 31 and replace =false). Alpha diversities were
measured using Chaol (genus richness) and Shan-
non (genus diversity) indexes (estimate_richness func-
tion using default parameters). Microbial community
composition was determined using principal coor-
dinate analysis (PCoA) on the weighted UniFrac dis-
tances (ordinate function using PCoA, unifrac and
weighted = true options). Taxonomic changes over time
for each kit were analyzed using DESeq2 v1.12.3 [21]
(using test=wald and fittype = parametric) with fold
changes>1.5 and false discovery rate adjusted P val-
ues <0.05 considered significant [22]. Data was graphed
using Graph Pad Prism except for PCoA plots, which
were graphed using R package ggplot2 (v3.3.3, https://
CRAN.R-project.org/package=ggplot2).

Statistical analysis

Unless stated otherwise, reported values are the
mean +standard deviation result of two techni-
cal repeats using two unique chicken breast samples
(n=4). Significant differences between methods were
determined by one-way analysis of variance (ANOVA)
with the Tukey post-hoc test using Graph Pad Prism v
9.
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Results

Culture-based characterization of the retail chicken breast
microbiome

The total aerobic mesophilic bacteria enumeration
result indicated that the level of bacteria in the chicken
breast rinsates increased from 5.540.1 log CFU/mL
with no enrichment (0 h) to 6.84+0.1 log CFU/mL
and 8.7%0.2 log CFU/mL after 6 h and 18 h of incu-
bation in BPW at 35 °C, respectively. The identities
of the recovered colonies are shown in Fig. 2 (genus-
level) and Supplementary Fig. 1 (species-level). Over-
all, the composition of the bacterial microbiota was
similar between the two chicken breasts and data are
presented as a composite of the two samples. In total,
1417 colonies were selected for identification and 93%
yielded an unambiguous identification using the Bruker
Biotyper. Thirty-seven bacterial species belonging to
eleven genera, nine families, and five orders were iden-
tified (Fig. 2 and Supplementary Fig. 1). In the absence
of enrichment, the culturable microbiota was domi-
nated by Pseudomonas with an average relative abun-
dance of 71%. After 6 h of enrichment Carnobacterium
and Serratia predominated with respective relative
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abundances of 32% and 28%. Hafnia was the predomi-
nant genus after the 18 h enrichment with a relative
abundance of 50%. Serratia and Proteus were also pre-
dominant at 18 h with relative abundances of 19% and
10% respectively. More sparse but notable genera iden-
tified included Aeromonas (0.4% at 6 h and 3% at 18 h),
Lactobacillus (0.2% at 6 h) and Yersinia (~4% across all
times points).

The composition of the total aerobic microbiota
shifted upon prolonged enrichment. The relative abun-
dance of Pseudomonas decreased with incubation time
(from>70% at 0 h to 11% and 6% relative abundance
at 6 h and 18 h, respectively). The relative abundance
of Carnobacterium peaked at 6 h to 32% and then
decreased to 5% after the overnight incubation. Mem-
bers of the order Enterobacterales increased in relative
abundance and richness as the enrichment progressed:
three genera (Hafnia, Serratia, and Yersinia) were iden-
tified at 0 h with a combined relative abundance of 12%
and by 18 h a combined relative abundance of 83% was
observed, and the number of Enterobacterales genera
identified expanded to include Proteus.

100+
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60 -

40-

Relative Abundance (%)

204

Bruker database (Version V9.0.0 8468)

Undefined
Yersinia
Serratia
Pseudomonas
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Lactobacillus
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Fig. 2 Average relative abundances of genera identified on retail chicken breast as determined by the Bruker Biotyper. Taxa abundances of
identified colonies at the genus level are shown for each enrichment condition. Undefined: colonies with identification scores < 1.70 using the BDAL
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Comparison of DNA extraction kits: Performance metrics
The three DNA isolation methods used in this study
relied on a combination of chemical and mechanical
lysis to disrupt cells. The primary difference among the
three was the method of DNA collection and inhibitor
removal. Both the PowerFood and PowerSoil kits col-
lected the DNA through adsorption to a silica column,
with multiple washes to remove inhibitory compounds
prior to DNA elution. The hybrid method relied on DNA
precipitation and RNA/protein removal prior to column
adsorption and DNA washing. The eluted DNA was sub-
jected to another column adsorption/washing procedure
to remove PCR inhibitory reagents. In terms of A260/
A280 readings, the DNA obtained using all three meth-
ods exceeded 1.8 and minimal shearing was observed by
gel electrophoresis (data not shown).

All of the extraction methods yielded sufficient DNA
to perform downstream analysis with amounts ranging
from 1365 to 8620 ng (Table 2). No significant differ-
ences in DNA quantity were observed among the kits at
the earlier time points, however, higher levels of DNA
were recovered at 18 h with the PowerSoil kit compared
to 0 h and 6 h (P<0.05). Also at 18 h, both the Power-
Soil and hybrid method yielded approximately three-fold
higher concentrations of DNA compared to PowerFood
(P<0.05). There was a considerable amount of variation
in the concentration of DNA recovered between the rep-
licates, particularly with the hybrid method. The coeffi-
cients of variation ranged from 0.8% (PowerFood, O h) to
73% (hybrid method, 6 h).

The PowerFood kit was the most economical DNA
extraction method, costing a little over $5 an extrac-
tion and taking 34 min from cell pellet to purified DNA
(Table 3). The hybrid method, which required two DNA
columns, was the most expensive and time-consuming
at $10.28 per extraction and a 2 h 10 min extraction
time. The extraction method did not significantly affect
the number of OTUs detected by 16S rRNA amplicon
sequencing but more OTUs were detected at 18 h com-
pared to the earlier time points (Table 3).

Table 2 DNA yield (mean ng=SD) obtained using three DNA
extraction methods

Time PowerFood PowerSoil Hybrid

0h 1680+ 14 1785£587 3840+ 1556
6h 16554+7718 13654473 17914£1299
18h 2135+£318° 86204 990° 6540£127

2 significantly lower (P<0.05) than PowerSoil and Hybrid as determined by one-
way analysis of variance (ANOVA) with the Tukey post-hoc test, n=4

b significantly higher (P<0.05) than 0 h and 6 h, as determined by one-way
analysis of variance (ANOVA) with the Tukey post-hoc test, n=4
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Table 3 Resource requirements and outputs of three DNA
extraction methods

Method Extraction time Number of OTUs

detected

Cost per
extraction®

Oh 6h 18h

PowerFood  $5.02 34 min 1441 13+1 18+2°
PowerSoil  $827 36.5 min 1441 144+1 1742
Hybrid $10.28 2h 10 min 1341 13£1 194£3¢

2 cost reflects pricing available to Canadian government laboratories at the time
the study was conducted

b significantly higher (P<0.05) than at 0 h and 6 h, as determined by one-way
analysis of variance (ANOVA) with the Tukey post-hoc test, n=4

¢ significantly higher (P<0.05) than at 0 h and 6 h, as determined by one-way
analysis of variance (ANOVA) with the Tukey post-hoc test., n=4

All of the DNA samples were able to support the ampli-
fication of a 16S rRNA rRNA gene fragment with qPCR
efficiencies of 90%—98% and threshold cycles ranging
from 16 to 22 (data not shown). No significant differ-
ences were noted in the amount of 16S rRNA amplicon
obtained with each DNA sample at 0 h and 18 h. How-
ever, the DNA extracted using the PowerFood kit yielded
significantly lower levels of 16S rRNA rRNA amplicon at
6 h (Fig. 3, P<0.05). The DNA samples contained a very
low level of 18S rRNA with threshold cycles ranging from
25 to 36 corresponding to 0.08 — 1.3 fg 18S amplicon
(data not shown).

Comparison of DNA kits: Microbiome compositional
analysis

To investigate the impact of DNA extraction kit on
microbial composition, richness and diversity, sam-
ples were analyzed by 16S rRNA rRNA next generation
sequencing targeting the V3-V4 hypervariable region.
Sequencing yielded ~7 million raw reads with a median
of 146,664 reads per sample (n=36). Following denois-
ing, dereplication and chimera removal, samples had
a median of 11,141 reads. One PowerFood sample (no
enrichment) was excluded from analysis due to low read
counts.

Overall, 16S rRNA amplicon sequencing identified 25
genera in at least one of the kits in at least one time point
(Table 4). All 10 genera identified by Bruker, except for
Ewingella and Buttiauxella, were identified by 16S rRNA
sequencing. With no sample enrichment, the micro-
bial abundance profiles between DNA extraction kits
were similar with Pseudomonas (36—-51%), Lactococcus
(19-31%), and Serratia (6—9%) being the most abundant
taxa (Fig. 4A). The PowerFood kit was better at detect-
ing lower abundance taxa such as Aeromonas and Hafnia
at 2.7% and 1.2%, respectively, compared to the Power-
Soil and hybrid methods. At 6 h of enrichment, all DNA
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extraction kit samples showed similar relative abundance
of genera with Pseudomonas (41 — 51%) and Carnobac-
terium (19 — 23%) as the most abundant taxa observed.
The hybrid method performed significantly better for
detection of the food spoilage organism Vagococcus
in contrast to the other kits (Table 4, 6% vs 0.6 and 1%,
P<0.05). At 18 h of enrichment, the most predominant
group for each extraction kit belonged to genera that
could not be defined down to the genus level using the
16S rRNA SILVA database (undefined 48 — 58%) but were
classified as Enterobacteriaceae at the family taxonomic
level. Between the kits at 18 h, the PowerFood samples
were significantly more abundant for Carnobacterium,
Lactobacillus and Leuconostoc (P<0.05, Table 4). The
PowerSoil and hybrid method samples had more simi-
lar taxonomic abundance profiles overall and performed
significantly better for detection of Serratia (P<0.05,
Table 4).

Analysis of genus richness (Chaol index) revealed no
significant differences between DNA extraction kit sam-
ples for each enrichment time point (Fig. 4B). A higher
level of genera evenness (Shannon diversity, a measure of
how close in abundance different taxa are) was observed
with the PowerFood kit compared to the PowerSoil kit at
18 h enrichment (P<0.05, Fig. 4B).

Principal coordinate analysis (PCoA) of [-diversity
using weighted Unifrac was performed to profile micro-
bial community composition. No significant separation

was observed by kit type (Fig. 4C); however, samples did
cluster separately by time point (Supplementary Fig. 2).
Specifically, the 18 h samples show clear separation
and distinct microbial composition compared to the no
enrichment and 6 h samples.

Comparison of the 16S rRNA sequencing data to
that obtained by agar plate culturing and Bruker iden-
tification, showed similarities at each enrichment time
but also key differences. Specifically, 165 rRNA rRNA
sequencing identified 15 more genera than the culture-
based method. The agar plate culturing method did not
yield growth of Gram-negative taxa such as Acinetobac-
ter, Comamonas, Escherichia-Shigella, Janthinobacte-
rium, Morganella, Myroides, or Providencia, which were
detectable by 16S rRNA. These organisms are well known
poultry meat microbiota with many involved in spoil-
age [23]. Furthermore, 16S rRNA was able to identify the
Gram-positive genera Brochothrix, Clostridium, Ente-
rococcus, Gallicola, Hathewaya, Lactococcus, Leuconos-
toc, Peptoniphilus, and Vagococcus. While Lactococcus
was detected at a high abundance (>19%) by 16S rRNA
amplicon sequencing, it was not recovered using the cul-
turing conditions of this study.

Discussion

Sequence-based methods for the identification of bacte-
rial taxa have the potential to offer a more comprehensive
view of the food microbiota compared to culture-based
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Table 4 Mean relative abundances of 165 rRNA rRNA samples for each DNA extraction method and enrichment time

Genus PowerFood PowerSoil Hybrid

Oh 6h 18h Oh 6h 18h 0h 6h 18h

Gram-positive
Brochothrix 0.71 0.32° 0.46 0.65 0.11 0.14 0.72 0.06 0.38
Carnobacterium 346 2343 15.38% 295 18.82 293 3.20 22.88 336
Clostridium sensu stricto 7 - - 0.02 - - 0.06 - - 0.01
Clostridium sensu stricto 18 - - - - - - - - 0.03
Enterococcus - - 061 - - 0.52 - - 1.18
Gallicola - - 0.07 - - - - - 0.01
Hathewaya - - 035 - - 0.77 - - 073
Lactobacillus 0.26° 0.30 1.10% 0.08° 0.19 0.18 0.26 0.28 0.23
Lactococcus 30.99 1.25% 0.78 21.96 0.52 0.20 19.14 0.73 0.26
Leuconostoc 4.00° 1.512 1.60% 238 0.30 032 3.68 0.84 049
Peptoniphilus - - 1.57 - - 0.30 - - 0.75
Vagococcus 058 0.61° 050 064 1.02° 007 1.20 6.13 0.13

Gram-negative
Acinetobacter - 0.01 0.01 0.01 0.01 - 0.01 - 0.02
Aeromonas 267 032 0.21 0.60 033 045 - 0.29 0.72
Comamonas - - 0.01 - - 0.06 - - 0.01
Escherichia-Shigella - - 0.21 - - 0.21 - - 0.40
Hafnia 1.19 148 15.267 0.24 1.67 18.20 0.01 1.36 16.76
Janthinobacterium 0.02 0.02 0.01 0.01 - - 0.01 - 0.01
Morganella 0.02 0.01 - 0.02 0.01 0.01 0.03 0.01 0.02
Myroides - - - - - - 0.01 - -
Proteus 0.01 - 0.09 0.02 - 0.06 - - 023
Providencia 0.01 0.01 - 0.05 0.02 - 0.02 0.01 -
Pseudomonas 35.59 51.84 11.35 51.39 50.06 13.16 51.40 4148 17.61
Serratia 6.29 2.30% 2.78% 8.10 541 4.83 8.63 4.69 4.23
Yersinia 0.26 0.21 0.09 0.12 044 0.03 0.11 031 0.13

2 significantly different to PowerSoil at this timepoint, P < 0.05; Significant differences were determined using DESeq2 with fold changes > 1.5 and false discovery rate

adjusted P values
b significantly different to the hybrid method at this timepoint, P<0.05;

-not detected in the rarefied count table. Significant differences were determined using DESeq2 with fold changes > 1.5 and false discovery rate adjusted P

values < 0.05 considered significant, n=4

methods. However, these methods are prone to bias and
require consistent approaches to achieve reproducibility
between samples and studies. Here we report the impact
of different DNA extraction methods on the detection of
naturally occurring bacterial taxa in rinses prepared from
retail chicken breast.

The three DNA extraction methods were chosen based
on their ability to extract DNA from difficult sample
types, such as food. All three methods used a combina-
tion of chemical and mechanical disruption for cell lysis.
The composition of the lysis solutions is not known for
the commercial kits, and differences here may have
biased the efficiency of lysis towards certain taxa. The
primary difference between methods was in how inhibi-
tory compounds were removed. Both PowerFood and

PowerSoil used proprietary solutions to remove the
inhibitors, whereas the hybrid method employed an addi-
tional column spin kit, adding considerable expense to
the extraction method. The DNA precipitation step of the
hybrid method added considerable time to the purifica-
tion procedure and did not result in substantially greater
yields of DNA. Differences in DNA yield among the
extraction procedures were of minor consequence to our
study since in all cases sufficient quantities of DNA were
extracted for qPCR, and 16S rRNA amplicon sequencing.
It was noted that the DNA yield with the hybrid method
was more variable than with the commercial kits, sug-
gesting that its outcome is more sensitive to technical
variation and the commercial kits offer a more standard-
ized approach.
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Fig. 4 Relative abundances, alpha and beta diversities of DNA extraction kits at each enrichment time point. A Average relative abundances of
genera are similar between DNA extraction kits at each time point. Taxa abundances of 16S rRNA sequences at the genus level are shown for each
kit by sampling time point. Relative abundances are shown for genera> 1% in at least 1 sample. Undefined: OTUs that could not be identified
down to the genus level; Other: OTUs present at < 1% were grouped and summed. B Genus diversity, but not richness, is altered by choice of DNA
extraction kit. Chao1 index (upper panel) and Shannon index (lower panel) of chicken breast 165 rRNA microbiota by enrichment time point.
Horizontal lines represent the median, boxes indicate the inter-quantile range and whiskers represent values within 1.5 IQR of the lower and
upper quantiles. Alpha diversities were calculated using PhyloSeq in R. Asterisks denote statistically significant differences (P < 0.05) using t-tests.

C Microbial composition is not altered by DNA extraction kit. Principal co-ordinate analysis of weighted Unifrac distances for all 16S rRNA samples
(upper panel) and 165 rRNA samples by enrichment time (lower panel). Ellipses represent 95% confidence regions

DNA quality as assessed by A260/280 ratio, gel electro-
phoresis, and amount of host (18S) DNA, was equivalent
across extraction methods. A difference in the yield of
16S rRNA amplicon was noted with the 6 h PowerFood
DNA compared to hybrid method and PowerSoil DNA
samples. This lower yield may have been due to the pres-
ence of inhibitory compounds in this particular sample.

As a result, the lower amount of 16S rRNA may have
influenced the subsequent detection of bacterial genera
and could explain why the evenness of the bacterial com-
munity was significantly lower with the 6 h PowerFood
DNA compared to the hybrid method DNA, despite both
methods yielding an equivalent number of OTUs [13].
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Compared to the traditional culture-based method,
a greater diversity of taxa, both Gram-negative (Acine-
tobacter, Comamonas, Escherichia-Shigella, Janthino-
bacterium, Morganella, Myroides, or Providencia) and
Gram-positive (Brochothrix, Clostridium, Enterococcus,
Gallicola, Hathewaya, Lactococcus, Leuconostoc, Pep-
toniphilus, and Vagococcus) was detected with 16S rRNA
amplicon sequencing. Although many of these genera
have been reported in chicken meat and are of interest
for food production, most have little clinical relevance
and may not be represented in the Bruker database [1,
23]. Additionally, given the indirect nature of 16S rRNA
amplicon sequencing, it may be possible that some gen-
era were not present in our chicken breast samples as via-
ble bacteria, or were present at levels below the detection
limit of standard plate culture (log 2 CFU/g) even after an
18 h enrichment period. Two genera, Ewingella and Butt-
iauxella, were identified with the culture-based method
but not by 16S rRNA amplicon sequencing. This result
could have been due to deficiencies in the SILVA data-
base or the amount of sequence data analyzed; a deeper
sequencing approach may have been able to detect these
low abundance taxa. Alternatively, the lack of detection
of certain genera could be a reflection of DNA extrac-
tion, amplification and/or sequencing bias that can lead
to false negative results.

The use of an enrichment procedure had a consider-
able impact on the number and relative abundance of
bacterial taxa detected. More taxa were recovered after
an 18 h enrichment, and the population shifted from the
indigenous populations expected to reside on chicken
meat (Pseudomonas, Lactococcus, Carnobacterium) to
members of the order Enterobacterales [1, 23]. Enrich-
ment procedures can also lead to bias, especially towards
highly abundant taxa, or those with robust growth phe-
notypes. Thus, the choice to enrich depends on whether
the target organism is abundant in the matrix or has the
capacity to out-compete other taxa in the chosen enrich-
ment conditions.

Comparison of the bacterial community structure by
16S rRNA amplicon sequencing revealed that the relative
abundance of many Gram positive genera were higher
using the PowerFood DNA compared to the other two
DNA preparations, resulting in a more even bacterial
community. The communities detected using either Pow-
erSoil or hybrid method DNA trended towards higher
relative abundances of Gram-negative genera, which
was more in line with the results of the culture-based
method. Given the small sample size used in this study,
no firm conclusions can be drawn on the composition of
the chicken breast microbiome. Further work is required
to define the balance of Gram-negative and Gram-posi-
tive genera in this matrix. Differences in the recovery of
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Gram positive organisms based on extraction method
have also been reported for other matrices [24].

The results of our study demonstrate that there are
small but important differences among DNA extrac-
tion methods used to isolate DNA from retail chicken
meat. These results, along with others, emphasize the
importance of sample preparation when investigat-
ing the microbiome of food products [25, 26]. Inac-
curate detection of the food microbiome, or specific
taxa within it, has the potential to impact food qual-
ity and food safety assessments. In terms of ease of
use, expense, and evenness of the bacterial community
structure, the performance of the PowerFood kit was
superior in our study. However, given the small num-
ber of chicken breast samples analyzed, and differences
among food matrices, we cannot make a blanket rec-
ommendation for all food types and suggest smaller fit-
for-purpose studies such as this before proceeding with
a large-scale analysis.

Conclusions

The DNA extraction method is a key variable to con-
sider when using sequence-based tools to detect bacte-
ria in foods. A study aiming to characterize the entire
microbiome of a food sample may require a different
approach that prioritizes DNA extraction from all taxa
(e.g., PowerFood) than one focussed on the detection of
a smaller number of key taxa (e.g., PowerSoil, or a more
tailored hybrid approach). The results of this study do
not necessarily allow, but encourage researchers to
evaluate their DNA extraction and enriching protocols
for each type of matrix before attempting to use them
for detection purposes. Many inhibitors exist depend-
ing on the matrix, in this case, chicken breast rinses
appeared not to have many PCR inhibitors.
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