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Abstract:To date, meat microbiology research has relied on culture-dependent methods. Amplicon sequencing technology
provides a deeper look into the microbial community. This study set out to evaluate the bacterial community of fresh beef
longissimus lumborum steaks exposed to retail packaging and display conditions. Four packaging treatments were assigned
after fabrication 7 d postmortem: high-oxygen modified atmosphere packaging, overwrapped packages within a carbon
monoxide tri-gas flushedmotherbag, vacuum rollstock pouches, and traditional overwrap. After a 14-d dark storage, carbon
monoxide motherbag overwrapped packages were removed from the motherbag, and packages were distributed to a
retail lighting condition for 72 h of retail display: fluorescent, light emitting diode, or darkness. Aerobic plate count
and psychrotrophic bacteria were enumerated, in addition to 16S ribosomal RNA sequencing of DNA for microbial profile
investigation. Sampling occurred at fabrication (7 d), end of dark storage (20 d), and end of retail display (23 d). The V3–V4
regions of the 16S bacterial ribosomal RNA gene were sequenced using the IlluminaMiSeq platform (Illumina, San Diego,
CA). Counts for aerobic plate count bacteria differed by packaging (P = 0.039) but not lighting (P> 0.05). Firmicutes and
Proteobacteria were the dominate phyla identified but were not affected by packaging or lighting (P> 0.05). Traditional
overwrapped packages displayed in darkness and fluorescence had a higher abundance of Carnobacterium compared with
those displayed under light emitting diode (P= 0.05). Dark-stored samples had more Pseudomonas compared with fluo-
rescent display, regardless of packaging type (P = 0.03). While packaging and lighting conditions had a minimal impact on
the community composition, these data positively contribute to a baseline establishing bacterial community profiles of fresh
beef steaks subjected to retail display. This foundation suggests that further work is needed to understand whether shifts are
more likely to occur during extended shelf life or in other retail beef display conditions.
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Introduction

The study of microorganisms in fresh meat has pre-
dominantly focused on screening for pathogens or
monitoring of prominent spoilage organisms to main-
tain shelf life. Although pathogens and prominent
spoilage organisms are important, they do not make
up the entirety of the fresh meat microbial community.
While culture-based methods are standard in the meat
industry, these methods overestimate bacterial species

that are easily culturable and may miss the opportunity
to represent thosewith no successful culturingmethods
(Dowd et al., 2008; Jarvis et al., 2018). These other
members of the community have potential to influence
behavior of the more prominent spoilage or pathogenic
organisms. The use of DNAas a signaturemolecule for
identifying community populations has significantly
increased both the depth and scope of ability to under-
stand microbial diversity in specific environments
(Nocker et al., 2007). Using DNA extractions to
amplify and study the 16s ribosomal RNA (rRNA)
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gene provides a better opportunity to understand the
entire fresh meat microbial community and the relation-
ship of these community members. This new approach
has the potential to unlock significant novel understand-
ings for the fresh meat industry.

Packaging type can alter shelf-life quality and per-
formance. However, the effect of packaging type on
microorganism species present has been determined
using culture-based enumeration methods. Therefore,
gaps exist in knowledge explaining how entire micro-
bial populations are influenced by packaging type.
Illuminated open refrigerated cases are most frequently
used for display of fresh meat in retail markets. Lighting
and fluctuating temperatures in these cases, however,
challenge the shelf-life stability of fresh meat. Current
culture-based methods are limited to specific target
organisms or broadly enumerate overall bacterial growth.
These limitations do not allow for broader understand-
ing of bacterial makeup or community. A DNA-based
approach to understand the bacterial community, how-
ever, does provide a useful mechanism to observe the
broader bacterial composition. There is an industry need
for research focused on understanding the entire fresh
meat bacterial community. Providing a deeper under-
standing of the community could unlock better methods
to mitigate spoilage organisms and manage product shelf
life. This need includes work done to better understand
the contribution of processing environments and retail
display conditions, toward the final retail meat microbial
profile. The objective of this study was to evaluate and
define the microbial community composition of beef
longissimus lumborum steaks subjected to case-ready
packaging and retail display lighting conditions using
DNA-based methods.

Materials and Methods

Sample collection and display

Beef striploins (n= 8), USDA Choice (Institutional
Meat Purchase Specifications #180), were collected
from a commercial federally inspected processor and
transported to the Gordon W. Davis Meat Laboratory
(Lubbock, TX). At 7 d postmortem, striploins were fab-
ricated into seventeen 1.27-cm-thick steaks. Care was
taken to use separate clean trays, new gloves, and a ster-
ile scalpel for opening of each striploin in order to reduce
cross contamination between strips. One steak from
each striploin—with order randomized—was sampled
on fabrication day. Remaining steaks (n= 16) were
assigned into one of 4 packaging treatments: high-
oxygen modified atmosphere packaging (80% O2,

20% CO2), overwrapped packages consisting of steaks
on polystyrene trays and wrapped with a polyvinyl chlo-
ride film (oxygen transmission rate= 8.6 g of O2/m2/
24 h) placed within a motherbag flushed with carbon
monoxide–based tri-gas (0.4% CO, 30% CO2, 69.6%
N2), vacuum rollstockMultivac pouches, and traditional
overwrap. The traditional overwrap product was held in
vacuum packaging throughout storage, then placed onto
polystyrene trays and wrapped with polyvinyl chloride
film immediately before retail display. The carbon mon-
oxide motherbag product was removed from the tri-gas
flushedmotherbag prior to retail display.Microbial sam-
pling occurred for each treatment at 7 d (fabrication),
20 d (end of storage holding time and before retail dis-
play), and 23 d (post display) postmortem. For retail
display, each package typewas sorted into one of 3 light-
ing treatments: darkness (DARK) (put in a box and held
in cold storage without exposure to light) or a refriger-
ated open multi-deck retail display case (1.9° ± 2.5°C)
with either light emitting diode (LED) or fluorescent
(FL) continuous lighting for 72 h with a light intensity
of 2,934.9 and 2,863.1 lux, respectively. All beef steaks
were cold transported (4°C) to the laboratory for imme-
diate analysis.

Enumeration

Microbial enumeration was evaluated by aerobic
plate counts (APC) and aerobic psychrotrophic plate
counts (PPC). Each package was aseptically opened,
and using a 50-cm2 sterile template (3M poultry tem-
plate, USDA050; 3M, St. Paul, MN) each steak was
sampled with a swab premoistened with 25 mL of sterile
Buffered PeptoneWater (BPW;MerckMillipore Sigma,
Burlington,MA). After swabbing, the steakwas immedi-
ately transferred into a sterile Whirl-Pak filter bag
(Nasco, Fort Atkinson, WI) for the DNA extraction pro-
tocol. Swabs were stomached 2 min at 230 rpm (Seward
400C; MetrohmUSA Inc., Riverview, FL), before trans-
ferring 1 mL into 9 mL sterile BPW dilution blanks
for 10-fold dilutions. Enumeration of APC bacteria was
performed using APC Petrifilms (3M, St. Paul, MN),
in duplicate, with incubation 48 h at 35°C. For PPC enu-
merations, samples were spiral plated—in duplicate—to
standard methods agar (Alpha Biosciences, Baltimore,
MD), incubated 10 d at 4°C. After incubation, APC
Petrifilms were counted and read using the 3M
Petrifilm Plate Reader (3M, St. Paul, MN). After incuba-
tion of PPC, plates were counted using the Spiral Biotech
Q Count (version 2.0, Spiral Biotech, Norwood, MA).
All raw count data for PPC and APC were recorded as
colony forming unit (CFU) per 50 cm2.

Meat and Muscle Biology 2021, 5(1): 24, 1–9 Hanlon et al. Microbial profile beef retail display

American Meat Science Association. 2 www.meatandmusclebiology.com

www.meatandmusclebiology.com


Microbial profile

On each sampling day, whole steaks were rinsed
in filtered Whirl-Pak bags, using 90 mL of cold
(2°C–4°C) sterile BPW. Bags were gently hand mas-
saged to encourage thorough mixing without warming
the product or promoting fat smear. Enriched bags were
placed at 2°C in a pre-cooled programmable cold hold-
ing incubator (MIR-154-PE; PHCBI, Wood Dale, IL)
for 1.5 h (±0.5 h) to harden lipid content. Following this
rest period, the liquid portion was removed using a
sterile serological pipette (VWR, Radnor, PA) and
transferred to 50 mL RNase and DNase free sterile
conical tubes (iTubes; Stellar Scientific, Baltimore,
MD). Conical tubes were centrifuged at 4,280 × g for
20 min at 3°C. Supernatant was removed, and pellet
was resuspended in 2 mL cold (4°C) sterile saline
before transfer to a 2 mLDNase and RNase free micro-
centrifuge tube for the DNA extraction protocol fol-
lowing the DNeasy PowerFood Microbial kit (MO
BIO Laboratories, Qiagen, Carlsbad, CA). All samples
were eluted using 75 μL elution buffer and immediately
quantified using aNanoDrop spectrophotometer (Thermo
Fisher Scientific, Waltham, MA). The extractions that
were quantified as less than 30 ng/μLwere excluded from
sequencing. Extractions were stored frozen (−20°C) for
2 mo prior to submission for sequencing.

Sequencing

From the available extractions, 123 samples were
selected for 16S rRNA sequencing. A mock commu-
nity was used as the positive control, and negative
controls were incorporated into the run. The 341F
(5 0-CCTACGGGNGGCWGCAG-3 0) and 805R (5 0-
GACTACHVGGGTATCTAATCC-3 0) primers were
used for amplification of the V3–V4 regions of the
16S bacterial rRNA gene (Integrated DNA Technologies,
Coralville, IA). Purified amplicons were pooled and
pair-end sequenced using the Illumina MiSeq platform
according to recommended protocols (Illumina, San
Diego, CA) by the Texas Tech University Center for
Biotechnology and Genomics. Indexed libraries were
prepared using the Nextera XT index kit, version 2,
and sequenced using 2× 300 bp reads.

Enumeration data analysis

For enumeration, bacterial counts were averaged
between duplicate plates, transformed, and reported
as log10 CFU/50 cm2. Enumeration data were analyzed
using the analysis of variance PROC GLM function
of SAS (version 9.4; SAS Institute, Inc., Cary, NC).

Within respective analysis considerations (APC or
PPC), data were analyzed for a day effect (fabrication
vs. storage vs. retail). At end of storage holding a pack-
aging type effect was evaluated. At retail display end,
results were evaluated for a lighting × packaging
effect, followed by effects for lighting and packaging
separately.

16S data analysis

Raw FASTQ files were de-multiplexed prior to
trimming of adapters and primers. Quality filtering
was performed with the DADA2 pipeline using the R
statistical program (The R Foundation; Callahan et al.,
2016). Forward and reverse reads were truncated to
280 and 230, respectively. Taxonomic assignments
were made using the SILVA database (version 128;
Quast et al., 2013; Callahan, 2017), through the genus
level. Further processing and creation of total abun-
dance output was done using the phyloseq R package,
with rarefaction curves created using the veganR pack-
age (McMurdie and Holmes, 2013; Oksanen et al.,
2019). Graphics and data output figures were created
using the ggplot2, Rbrewer, and dplyr R packages
available. For alpha and beta diversity evaluation, sam-
ples were rarefied at 10,635 reads. Metrics used for alpha
diversity included Chao1, Shannon, and observed opera-
tional taxonomic units (OTU) (Shannon and Weaver,
1949; Chao and Lee, 1992). For beta diversity, the
weighted Unifrac metric was used (Lozupone and
Knight, 2005).

Relative abundance output for bacteria present
at ≥1% at the phylum or genus taxonomic level were
analyzed using the PROC MIXED procedure of SAS.
At storage end, data were analyzed with packaging type
as a fixed effect and striploin as a covariant. Data from
the end of retail display were analyzed for packaging,
lighting, and packaging× lighting effects, with strip
considered a covariate. In order to normalize the distri-
bution of the residuals, relative abundance data were
transformed using logit transformation [z= log(p/(1−
p))], with p representing the relative abundance of each
taxa, or using the boxcox transformation within SAS.
Residuals were evaluated for normal distribution, using
the Shapiro-Wilk test, and transformations employed
accordingly. The LSMEANS values were back trans-
formed (if necessary) using the formula [p = 10z/(1þ
10z)] from logit transformed output for ease of interpre-
tation. Alpha and beta diversity plots were generated
with the phyloseq package using a log(xþ 1) transfor-
mation. Differences in alpha diversity were determined
using the PROC MIXED procedure in SAS. Using the
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vegan package in R, ADONIS was run to generate
PERMONOVA output for beta diversity interpretation
with 9,999 permutations.

Results and Discussion

Enumeration

No lighting by packaging type interaction existed
for APC or PPC (P> 0.05) at the end of retail display.
Mean APC differed by sampling time, from 0.77 log
CFU/50 cm2 on fabrication day to 3.79 log CFU/50
cm2 at the end of retail display (P< 0.0001) across
all packaging types. Lighting did not impact APC or
PPC at the end of display across any packaging type
(P> 0.05). This enumeration was performed to parallel
typical microbial enumeration methods in fresh meat
shelf-life studies and validate that unusual patterns or
spoilage did not occur. Considering 7–8 logs of aerobic
bacteria as the threshold of spoilage, none of these sam-
ples during storage or retail displaymet or exceeded the
end of microbial shelf life (Vieira et al., 2009).
Psychrotrophic bacteria were higher than aerobic bac-
teria, but also did not exceed the spoilage limit. These
enumeration data are consistent with results from sim-
ilar studies of ground beef patties and beef tenderloin
steaks exposed to retail display conditions (Brooks
et al., 2008; Hoyle et al., 2009; Mansur et al., 2019).

General sequencing results

Of the 123 total samples sequenced, one was
filtered out because of a small library size (231 reads).
Of the 122 retained samples for downstream analysis,
sequencing generated an average of 40,152 reads per
sample (range 3,384 to 98,220). Taxa identification
was 99.3% at the phylum level, 88.5% at the family
level, and 74.4% at the genus level. From generation
of a rarefaction curve, rarefaction was set at 10,635
in order to standardize library size for diversity
metrics.

Storage relative abundance

At end of storage, 2,326 unique taxa were present
in 28 samples. Four phylawere present across packaging
types, with Firmicutes being most dominant (65.5%),
followed by Proteobacteria (34.3%), and minimal
representation by Actinobacteria and Cyanobacteria.
Presence of Firmicutes (P= 0.34) and Proteobacteria
(P= 0.32) did not differ by packaging type (Table 1).
Across all packaging types, at storage, 36 unique genera
were identified. Genera that represented at least 1%
of total reads across all samples are presented in
Figure 1. Overall, the most commonly identified gen-
era across packaging types included Carnobacterium,
Pseudomonas, and Lactobacillus (Table 2). Other
genera identified which made up at least 1% of total
reads included Leuconostoc, Rahnella, Hafnia-
Obesumbacterium, and Lactococcus. At storage end,
genera did not differ in abundance by packaging type
(P > 0.05).

Retail relative abundance

At the end of retail display, 4,596 unique taxa were
identified from 89 samples. Similar to the samples at
the end of storage, Firmicutes and Proteobacteria were
the dominating phyla detected (Table 3). Abundance of
Firmicutes and Proteobacteria did not differ by lighting
(P= 0.18 and P = 0.19) or packaging (P = 0.80 and
P = 0.52). Relative abundance by genera at end of retail
display can be seen in Table 4. A packaging × light
interaction occurred for abundance of Carnobacterium
(P = 0.05). Within overwrap packages, LED lighting
(25%) inhibited relative abundance of Carnobacterium
relative to FL and DARK (41% and 45%) overwrapped
packages. Abundance of Pseudomonas was greatest in
samples stored in DARK (33%) and lowest in samples
from FL retail display (17%; P = 0.03).

Alpha diversity

Alpha diversity at end of storage is shown in
Figure 2. Alpha diversity describes the diversity within
a single sample as a measure of richness and evenness.

Table 1. Effect of packaging type on phyla relative abundance least-squares means of steaks at the end of storage1

Packaging Type P Value

Phylum HIOX CO VAC Package

Firmicutes 59.03 65.03 68.63 0.34

Proteobacteria 41.09 34.59 30.28 0.32

1HIOX= high-oxygen modified atmosphere packaging (80%O2, 20% CO2); CO= overwrapped packages placed within a motherbag flushed with carbon
monoxide (0.4% CO, 30% CO2, 69.6% N2); VAC= vacuum rollstock packaging; relative abundance= percentage of total bacteria sequences; phyla listed
detected at greater than 1% relative abundance across all samples.
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31%

25%

5%

2% 1% 1%(b)

 Carnobacterium  Lactobacillus
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Figure 1. Taxonomic breakdown from storage samples, across packaging types (of bacteria representing ≥1% of total reads); (a) prevalence of phyla,
relative to total abundance, in steaks at end of storage, across all packaging types, (b) community of genera belonging to Firmicutes phylum, (c) community of
genera belonging to Proteobacteria.

Table 2. Effect of packaging type on genera relative abundance least-squares means of steaks at the end of storage1

Packaging Type1 P Value

Genus HIOX CO VAC Package

Carnobacterium 54.24 49.07 51.65 0.79

Pseudomonas2 35.09 27.86 22.88 0.31

Lactobacillus2 16.92 20.71 22.74 0.72

Leuconostoc2 5.26 1.18 2.29 0.20

Rahnella2 0.80 0.00 0.02 0.13

Hafnia-Obesumbacterium 0.03 0.03 0.12 0.79

Lactococcus2 0.01 0.02 0.02 0.98

1HIOX= high-oxygen modified atmosphere packaging (80%O2, 20% CO2); CO= overwrapped packages placed within a motherbag flushed with carbon
monoxide (0.4% CO, 30% CO2, 69.6% N2); VAC= vacuum rollstock packaging; relative abundance= percentage of total bacteria sequences; genera listed
detected at greater than 1% relative abundance across all samples.

2Logit transformation was used to normalize these genera, and least-squares means were back transformed for more clear interpretation.

Table 3. Relative abundance least-squares means of phyla at the end of retail display across packaging types1 and
light2 display conditions

HIOX OW CO VAC P Value

Phylum FL LED Dark FL LED Dark FL LED Dark FL LED Dark Pack Light Pack x light

Firmicutes 70.6 77.2 54.9 77.0 60.4 67.5 70.1 75.5 55.1 66.4 56.1 62.4 0.80 0.18 0.46

Proteobacteria 26.7 21.4 41.3 22.7 38.4 31.5 29.2 23.8 43.8 31.2 51.8 36.5 0.52 0.19 0.33

1HIOX= high-oxygen modified atmosphere packaging (80%O2, 20% CO2); CO= overwrapped packages placed within a motherbag flushed with carbon
monoxide (0.4% CO, 30% CO2, 69.6% N2); VAC= vacuum rollstock packaging; OW= traditional overwrap package; relative abundance= percentage of
total bacteria sequences; genera listed detected at greater than 1% relative abundance across all samples.

2DARK= samples not exposed to any lighting for 72-h period; FL= samples exposed to fluorescent lighting for 72-h display period; LED= samples
exposed to light emitting diode display lighting for 72-h display period.
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Packing type at end of storage did not affect (P> 0.05)
any measure of alpha diversity evaluated, observed
OTU, Chao1, and Shannon index. At end of retail,
DARK samples had greater Shannon diversity values
than LED displayed samples (5.7 and 5.4, respectively;

P = 0.03). No differences occurred with observed
OTU or Chao1 metrics (P> 0.05). These data indicate
that LED lighting has a selective effect on the overall
diversity of the community compared with DARK
samples.

Table 4. Relative abundance least-squares means of genera at end of retail display across packaging types1 and
light2 display

HIOX OW CO VAC P Value

Genus FL LED Dark FL LED Dark FL LED Dark FL LED Dark Pack Light Pack x light

Carnobacterium 34.6abcd 46.1a 31.7abcd 40.7abcd 25.2d 44.6abc 45.8a 45.0 ab 32.2abcd 41.4abcd 27.9bcd 27.7cd 0.39 0.28 0.05

Pseudomonas 12.1 20.7 36.8 17.4 34.9 27.1 24.3 23.0 37.9 15.8 36.0 30.3 0.87 0.03 0.62

Lactobacillus 22.8 13.4 13.6 21.5 28.7 13.9 14.6 22.8 09.7 12.1 12.7 26.5 0.73 0.73 0.25

Leuconostoc 01.6 02.7 03.1 01.3 01.1 03.2 02.4 01.7 02.3 01.5 03.5 02.4 0.71 0.24 0.62

Hafnia-
Obesumbacterium

01.4 00.7 00.1 00.7 00.2 00.2 00.3 00.5 00.8 00.2 00.4 01.2 0.96 0.97 0.50

Lactococcus 00.4 00.4 00.7 00.2 00.6 02.2 02.2 01.3 00.6 00.5 00.2 03.9 0.61 0.24 0.31

Rahnella 00.9 00.3 00.4 00.7 01.0 01.0 00.4 00.2 00.5 00.2 01.4 00.7 0.37 0.41 0.32

Serratia 00.4 00.3 00.3 00.1 00.3 00.3 00.3 00.1 00.7 00.3 01.2 00.3 0.63 0.72 0.37

1HIOX= high-oxygen modified atmosphere packaging (80%O2, 20% CO2); CO= overwrapped packages placed within a motherbag flushed with carbon
monoxide (0.4% CO, 30% CO2, 69.6% N2); VAC= vacuum rollstock packaging; OW= traditional overwrap package; relative abundance= percentage of
total bacteria sequences; genera listed detected at greater than 1% relative abundance across all samples.

a–dDifferent letters within a row indicate significant differences due to pack x light effect (P= 0.05).
2DARK= samples not exposed to any lighting for 72-h period; FL= samples exposed to fluorescent lighting for 72-h display period; LED= samples

exposed to light emitting diode display lighting for 72-h display period.

Figure 2 Alpha diversity by packaging type after storage. Alpha diversity did not differ by packaging type (P> 0.05). CO= traditional overwrapped
packages placed within a motherbag flushed with carbon monoxide (0.4% CO, 30% CO2, 69.6% N2); HIOX= high-oxygen modified atmosphere packaging
(80% O2, 20% CO2); VAC= vacuum rollstock packaging.

Meat and Muscle Biology 2021, 5(1): 24, 1–9 Hanlon et al. Microbial profile beef retail display

American Meat Science Association. 6 www.meatandmusclebiology.com

www.meatandmusclebiology.com


Beta diversity

The weighted Unifrac was used to determine beta
diversity at end of storage, prior to retail display. This
metric considers the diversity between samples while
considering phylogenetic relationships and differences
in relative abundance. Packaging type did not influence
beta diversity at end of storage (P> 0.05). Individual
striploin origin, however, did have an impact on beta
diversity as seen in Figure 3 (P = 0.003). Thus, the ini-
tial microbial community on each striploin has a greater
impact on the community diversity at end of storage
than packaging type. Retail beta diversity was deter-
mined using the unweighted Unifrac values. Beta
diversity was not significantly influenced by packaging
type or lighting (P> 0.05). Striploin did not have a sig-
nificant impact on beta diversity as seen in storage end
samples (P> 0.05). This indicates that after the pres-
sures of additional aging time and retail display condi-
tions, beef steaks did not have notable differences in
community diversity, regardless of striploin animal
origin.

Discussion of microbial profile results

The predominate phyla found in this study, at both
storage and retail end, were Firmicutes and Pro-
teobacteria. While presently there are no studies inves-
tigating the predominant phyla of whole beef steaks in

the U.S., other work investigating the microbiome of
fresh ground beef has also established these 2 phyla
as dominant (Vikram et al., 2018; Weinroth et al.,
2019). However, Weinroth et al. (2019) found that
Proteobacteria made up a much smaller component
of the microbial community in ground beef than was
found in this study of beef steaks. In Europe, meat prod-
ucts are more commonly dominated by Firmicutes
and Actinobacteria, whereas Proteobacteria and
Bacteroidetes are more present in fresh seafood
(Chaillou et al., 2015). With limited research in this
area, it should be noted that differences in interventions,
sample processing, and extraction procedures would
have a major effect on the observed phyla proportions.

Following a system outlined by Hwang et al.
(2020), the most abundant genera found in the present
study would all be classified as potential spoilage
organisms, except Rahnella, which is classified as a
common bacterium to the fresh meat microbiome.
The microbiome of beef tenderloin has been shown
to be made up of Leuconostocaceae (51%), Lacto-
bacillaceae (23%), and Pseudomonadaceae (18%),
with the percentage of Pseudomonadaceae increas-
ing to dominate over 74% of the total population at
end of shelf life (Mansur et al., 2019). While
Leuconostocaceae, Lactobacillaceae, and Pseu-
domonadaceae were all identified on these beef steaks,
Carnobacterium was the predominant genus and was
present in both storage end and retail end samples,
regardless of treatment. Carnobacterium, Lacto-
bacillus, Leuconostoc, and Lactococcus are all lactic
acid bacteria (LAB), and LAB are commonly associ-
ated with negative spoilage behavior of fresh meat
(James and James, 2000; Remenant et al., 2015).
Pseudomonas, when present in high enough concentra-
tions to cause spoilage, is known for producing slime,
sulfides, esters, and amines (Lambert et al., 1991).

With bacterial enumeration, it is well established
that concentrations of bacteria present on the product
increase with time, especially at retail display temper-
atures (Brooks et al., 2008; Hoyle et al., 2009; Mansur
et al., 2019). With this in mind, product packaging is
selected to maximize color stability and product shelf
life while controlling microbial growth. Vacuum pack-
aging typically creates an environment that is more
favorable for LAB and selective against the success
of Pseudomonas spp. (Lavieri and Williams, 2014).
However, this selection was not observed in the current
study as abundance of Pseudomonas did not differ by
packaging type. This contradiction highlights the fur-
ther need to understand the microbial community as
a whole through fresh meat shelf life beyond what is

Figure 3 Beta diversity as expressed by weighted Unifrac PCoA plot
at end of storage by packaging type and striploin origin. Beta diversity did
not differ by packaging type (P> 0.05); however, beta diversity did differ by
striploin origin (P= 0.003). CO= traditional overwrapped packages placed
within a motherbag flushed with carbon monoxide (0.4% CO, 30% CO2,
69.6% N2); HIOX= high-oxygen modified atmosphere packaging (80%
O2, 20% CO2); VAC= vacuum rollstock packaging.
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understood based on culture-based methods. This
result could suggest that vacuum packaging is not
simply suppressing viability but instead reducing the
metabolic activity of Pseudomonas spp. While the
expected bacterial response during meat retail display
is based on research done using culture-based methods,
16S rRNA sequencing alone does not describe meta-
bolic activity of detected organisms. Future work
may need to employ RNA-based methods such as
metatranscriptome sequencing to capture relevant
differences that may also contribute to spoilage preven-
tion (Kovac et al., 2017).

Although the results from this study did not iden-
tify a particular packaging type or lighting condition to
exert distinctive selection pressure, some important
differences were identified. In the present study,
LED lighting appeared to inhibit Carnobacterium
found in overwrap packages when compared with
DARK and FL samples. This is in disagreement with
results found by Steele et al. (2016) in which neither
LED nor FL lighting inhibited aerobic bacteria on pork
loin chops. In this study of beef steaks, Pseudomonas
was found to more abundant in DARK samples com-
pared with FL retail displayed samples. DARK retail
samples also had higher Shannon diversity than LED
displayed samples. While lighting is less widely stud-
ied than packaging conditions of retail meat, lighting
appeared to have a greater influence on the meat micro-
bial community than packaging. One study found cul-
tured Enterobacteriaceae populations to decrease on
beef longissimus lumborum steaks displayed under
FL lighting, with increased growth on steaks under
LED lighting (Steele et al., 2016).

To date, published research to establish the core
microbiome of fresh beef during ordinary retail
processing and display conditions is limited. It is
notable that methods employed in this study were suc-
cessful in generating high-quality sequencing reads
from DNA extractions, ultimately leading to less filter-
ing of samples than some of the previous work done to
date. This suggests that the methods used in this study
enabled full representation of the study scope the
authors set out to evaluate.

Conclusions

From this study, the predominant phyla identified
on beef longissimus lumborum steaks were Proteo-
bacteria and Firmicutes. Two genera, Pseudomonas
and Carnobacterium, were influenced by retail light-
ing. Pseudomonas was more abundant in dark retail

samples than LED packages, regardless of packaging
type. Conversely, Carnobacterium in traditional over-
wrap samples were inhibited in LED lighting when
compared with DARK and FL. These results suggest
that light exposure of retail packages may have an
impact on abundance of some genera found on fresh
beef steaks. The information produced from this study
is valuable to understand the microbial community com-
position of fresh beef steaks, through commonly used
industry packaging and lighting display conditions.

Although more work has been done looking at the
microbiome of ground beef, gaps remain in the pub-
lished research to date applying this technology to
subprimals and retail whole-muscle beef cuts. To our
knowledge, this is the first study evaluating the bacte-
rial profile of fresh steaks, with treatments of packaging
and retail lighting conditions. Future work in this area
will contribute to further understanding about whether
packaging type and retail display conditions influence
the microbial profile of fresh beef steaks, especially
through more extended aging conditions.
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