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ABSTRACT: The objectives of this study were to isolate and 

enumerate airborne bacteria, yeast and mold, and 

pathogenic bacteria before and during bovine harvesting in 

a USDA-inspected processing facility, and determine impact 

of bioaerosols on chilled carcasses after 24 h cold storage. 

Air samples were collected before and during three 

separate bovine harvesting processes at bleeding, hide 

removal, back splitting, cooler before and after chilling 

carcasses (0oC), using an Andersen N6 single stage 

impactor. Carcass surface bacteria swabs were collected 

from chilled carcasses after 24 h storage. Except for cooler, 

total airborne bacteria (TAB), and yeast and mold (YAM) 

were similar (P> 0.05) before and during harvesting for all 

areas tested. Counts for coolers were lower (P< 0.05) 

before harvesting for YAM, and during harvesting for TAB 

and YAM, when compared to all other counts. 

Staphylococcus spp. increased during harvesting at bleeding 

pit and hide removal areas when compared to counts prior 

to harvesting. Predominant Gram negative airborne 

bacteria isolated during harvesting and on the carcasses 

included Enterobacteriaceae, and predominant Gram 

positive bacteria were Staphylococcus, Microbacterium spp. 

and Bacillus spp.  Potential pathogens isolated included 

Staphylococcus aureus, Salmonella Typhimurium, Shigella 

flexneri, Shigella Sonnei, and Pseudomonas aeruginosa. The 

isolation of bacteria from air samples and carcass swabs 

revealed that bioaerosols created during harvesting may be 

a significant vehicle for transporting bacteria and 

contributing significantly to cross contamination of bovine 

carcasses and finished products.  Neither Listeria spp. nor 

Escherichia coli O157:H7 were isolated from the bioaerosol 

samples or carcasses.  
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INTRODUCTION 
 
Contamination of meat products by microorganisms such 
as airborne bacteria and mold is a major economic 
problem in the meat industry. In the past it was thought 
that food products were contaminated when they came in 
contact with contaminated surfaces, but now it is known 
that additional product contamination occurs from contact 
with airborne bacteria (Mold and Bacteria Consulting 
Laboratories, 2020). These biological particles are 
microscopic, with a diameter of 0.01 to 100 µm   and   are  

 
 
 
 
suspended in the air as an aerosol (Lennox International, 
Inc., 2019). Airborne contaminants are also known as 
bioaerosols and include bacteria, fungi, viruses and 
pollen. These may be present in the air as solid (dust) or 
as liquid (condensation and water). Bioaerosols are two 
phase systems that consist of a gaseous phase (air) and 
a particulate matter (dust, pathogens), thus making an 
important bacteria vehicle (Theisinger and de Smidt, 
2017). Pathogenic bacteria can  attach  to  dust   particles  
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and condensation, and travel around the processing 
facility. This contaminated air comes in contact with food 
products, containers, equipment, food contact surfaces 
and humans during processing (Anderson et al., 2017). 
USDA FSIS (1999) reported that livestock and poultry 
housing units and manure management operations 
generate airborne particulates (dust), microorganisms, 
and malodorous vapors. These emissions collectively or 
individually may cause health symptoms and impacts for 
farm workers, animals, and some individuals in 
communities near the farms (Millner, 2009).  Beck et al. 
(2019) collected and analyzed bioaerosol samples and 
samples from bleeding,, dehiding, back-splitting, 
washing, and chiller locations, from one rural and one 
small beef slaughter facility, for Salmonella spp., Shiga 
toxin producing Escherichia coli (STEC) and total 
bacterial counts. The researchers determined that all 
bacteria increased as the day progressed during the 
processing operation, and at all areas. As a result of this 
analysis, new ventilation models were generated to 
significantly increase the sanitation of the beef slaughter 
process.  

Airborne contaminants cause human illness due to 
ingestion of contaminated foods and also reduce product 
shelf life resulting in an economic loss (Heldman, 1974). 
Some of the major sources of contamination in food 
processing facilities are wastewater, rinse water and 
spilled product that become aerosolized. Airborne 
bacteria, yeast and mold are generated in processing 
facilities by heating, ventilation and air conditioning 
systems. These systems contribute airborne 
microorganisms under normal operation because they 
provide fertile areas for growth due to moisture. Intense 
husbandry practices and long term residence of cattle in 
feedlots and pens provide great opportunity for 
microorganisms to affix to hoofs and hides. Research 
regarding airborne contamination levels in meat 
processing facilities indicates that airborne microbes are 
a potential source of microbiological contamination in 
various meat products. According to Rahkio and Korkeala 
(1997) higher concentrations of airborne bacteria existed 
in the back-splitting area than in the weighing section in 
pork slaughterhouses. The skin or hide of slaughtered 
animals can be a source of airborne bacteria in 
slaughterhouses. Many processes during cattle 
slaughtering are associated with the creation of 
bioaerosols. The attachment of specific pathogenic and 
nonpathogenic bacteria to carcass surfaces after hide 
removal is usually immediate (Jericho et al., 2000). Antic 
et al. (2009) conducted a study to determine total 
numbers and distribution of hide microflora on 40 bovine 
hides, and the bacteria transferability to meat via direct 
contact. The researchers reported average total viable 
bacteria and Enterobacteriaceae counts of 6.7 and 4.3 
log cfu/cm

2
, respectively. All hides contained generic 

Escherichia coli (GEC) but Salmonella spp. was not 
isolated from any of the 40 hides. Objectives of this study  

 
 
 
 

are to isolate and enumerate airborne bacteria, yeast and 
mold, and pathogenic bacteria before and during bovine 
harvesting in a USDA-inspected processing facility, and 
determine impact of bioaerosols on chilled carcasses 
after 24 h cold storage. The objectives of this study were 
to isolate and enumerate airborne bacteria, yeast and 
mold, and pathogenic bacteria before and during bovine 
harvesting in a USDA-inspected processing facility, and 
determine impact of bioaerosols on chilled carcasses 
after 24 h cold storage. 
 
MATERIALS AND METHODS 
 
Air samples were collected in the University of Florida 
USDA inspected harvest facility in four areas before and 
during harvesting (slaughter). Before harvesting included 
bleeding pit (A), hide removal (B), back splitting area (C) 
and holding cooler for carcasses (D); and during 
harvesting included bleeding pit (E), hide removal (F), 
back splitting area (G), and  holding cooler (H, after 24 h 
of chilling carcasses). “Before harvest” refers to sampling 
of the clean and sanitized harvesting area and cooler 24 
h prior to harvesting. “During harvest” refers to sampling 
during the actual time of harvesting in the designated 
areas. Duplicate air samples were collected from each 
area during three separate harvesting days using the N6 
single stage impactor (Thermo Andersen Corp., Smyrna, 
Ga).  Prior to sample collection, the impactor was 
shipped to the manufacturer for calibration. Each harvest 
consisted of five to a maximum of 10 steers and/or cows.  
The impactor was operated at a flow rate of 28.3 
liters/minute (1 cubic foot/ minute) with a cut-off diameter 
of 0.65 µm as recommended by the manufacturer. Prior 
to sampling, the impactor was washed at the beginning of 
each harvest with soapy water and disinfected with 
100°C distilled water containing a chlorine concentration 
of 100 parts per million (7.1 ml per 3.8 liters of water). At 
the beginning of each harvest, and between sampling 
points, the inlet cone, jet stage, and base plate were 
disinfected with alcohol swabs. The sampler was turned 
on for two minutes prior to sampling to allow the alcohol 
to evaporate and not affect the number of bacteria 
recovered. Air samples were taken at a height of 1.5 
meters from the floor and within one meter from the 
carcass. It was determined during preliminary evaluations 
that the most effective sampling conditions were one 
minute with a flow rate of 28.3 ± 0.1 liters/minute in order 
to achieve countable bacterial growth on petri plates (25 
to 250 CFU). Procedures for culturing and isolating 
bacteria from the airborne samples were conducted as 
outlined in the Microbiology Laboratory Guidebook 
(USDA FSIS, 2019) and Bacteriological Analytical 
Manual (USFDA, 2019). 
 
Air sampling analysis 
 
The air sampling analysis was conducted as described by 
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Williams and Cosenza-Sutton (2020). In general, direct 
plating and pre-enrichment methods were employed.  
The air was sampled for total aerobic bacteria, yeast and 
mold, Escherichia coli O157:H7, Listeria spp., Salmonella 
spp., and Staphylococcus spp. using duplicate sterile 
prepoured 15 mm by 95 mm petri dishes containing 
tryptic soy agar (TSA, 235310, Becton, Dickinson, Difco, 
Sparks, MD), potato dextrose agar (PDA, #NCM0018A, 
Neogen, Lansing MI 48912), violet red bile agar (VRBA, 
#70188, Millipore Sigma, St. Louis, MO), modified oxford 
agar (MOX, #R01613, Remel, Lenexa, KS 66215), 
xylose-lysine-tergitol 4 agar (XLT4, #223420, Becton 
Dickinson, Difco, Sparks, MD 21152; XLT4 agar 
supplement, CM1061,ThermoFisher Scientific, 
Pittsburgh, PA 15275 ) and mannitol salt agar (MSA, 
#1330, Hardy Diagnostics, Santa Maria, CA 93455), 
respectively (USDA FSIS, 2019; USFDA, 2019).  Each 
plate was inserted, without lid, into the disinfected N6 
single stage impactor and the vacuum was turned on for 
one minute at a flow rate of 28.3 ± 0.1 liters/minute.  After 
one minute, the sampler was turned off and the Petri dish 
was removed and inverted into its cover.  The plates 
were incubated at 25°C for 3 days (PDA only) and 35°C 
for 24 h (all other media) and counted at the end of the 
incubation period. The counts were recorded and 
expressed as log colony forming units per m

3
 of air (log 

cfu/m
3
 of air). 

 
Identification of microorganisms   
 
Air samples were enriched by flooding TSA plates with 10 
mL of 0.1% peptone water and allowing the plates to set 
at room temperature for approximately five minutes for 
bacterial colonies to soften and separate from the media.  
One mL of the bacteria slurry was then transferred to 
duplicate test tubes containing 9 mL of either Modified 
EC plus Novobiacin (mEC) for Escherichia coli O157: H7, 
University of Vermont Broth (UVM) and Fraser broth (FB) 
for Listeria spp., Lactose broth (LB) and Rappaport 
Vassiladis broth (RV) for Salmonella spp., or Brain heart 
infusion broth for Staphylococcus spp., and incubated at 
35°C for 24 h, 30°C for 24 h, 35°C for 24 to 48 h, 37°C for 
18 h, 37°C for 18 h and at 35°C for 24 h, respectively 
(USDA FSIS, 2019). Following incubation, test tubes 
were vortexed and a loop full of broth was streaked onto 
duplicate selective media plates containing VRBA, MOX, 
XLT4 and MSA for isolation of Escherichia coli O157:H7, 
Listeria spp., Salmonella spp., and Staphylococcus spp., 
respectively. All plates were incubated at the appropriate 
temperature and time combinations as previously 
described. Typical 24-h colonies were selected and 
streaked onto TSA agar and subjected to identification 
assays.  
 
Carcass sample collection and analysis 
 
Carcasses were swabbed 24 h after being in  the  holding 
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cooler at 0°C using carcass sampling kits (Solar 
Biologicals Inc., Ogdensburg, NY).  Each individual sterile 
kit consisted of a pre-moistened sponge, 15 ml 
Butterfield’s phosphate buffer, disposable template, 
sample bags and gloves.  Beef carcass swab samples 
were collected as instructed by USDA FSIS (1999). In 
general, a 100 cm

2
 area was marked using the template, 

and swabbed using the sterile pre-moistened sponge 10 
times horizontally and 10 times vertically.  Beef carcass 
sides were swabbed at flank, brisket and rump. The 
wiping force was sufficient to remove dried blood. The 
flank and brisket areas were swabbed with one side of 
the sponge first. Next, the other side of the sponge was 
used to swab the rump 10 times horizontally and 10 times 
vertically. Individual sponges were placed into sample 
bags along with 15 mL of Butterfield’s phosphate buffer.  
The bags were closed, kneaded several times, and 
stored in a walk-in cooler (5 ± 1°C) for approximately 1 h 
maximum prior to analysis.  Analyses included presence 
of Escherichia coli O157: H7, Listeria spp., Salmonella 
spp., and Staphylococcus spp.  One mL was aseptically 
transferred from the bags to test tubes containing 9 ml of 
the enrichment broths: Modified EC plus Novobiacin 
(mEC), Fraser broth (FB), Rappaport Vassiladis broth 
(RV), and Brain Heart Infusion broth (BHI). The resulting 
isolated colonies were analyzed to determine 
identification, and some were suspended in 2 mL 
Cryovials containing 40% glycerol peptone water 
solutions and frozen at -80°C for future analyses. 
 
 
Bacterial identification of air and beef carcass 
samples 
 
Frozen bacterial colonies were thawed under running 
cold tap water. 1 mL was transferred from individual 
Cryovials to test tubes containing 9 ml of the appropriate 
enrichment broths as previously described.  The tubes 
were incubated under the same conditions as discussed 
earlier. A loop full of the cell suspension was transferred 
onto duplicate selective media plates, streaked and 
incubated as previously described.  Isolated colonies 
were observed for color, size, texture, and color changes 
in the media. Gram stains were conducted, and colony 
morphology was determined in order to select the 
appropriate colonies. The Analytical Profile Index 
identification test strip system (API, BioMérieux Inc., 
2002) and the MIDI microbial Identification System (MIDI 
Inc., Newark, DE) were employed to identify the isolated 
colonies.  The API method is for manual identification of 
Gram positive and Gram negative bacteria and yeast 
based on their unique biochemical properties. API 20E 
Microbial Identification Kit was used to identify 
species/subspecies of Enterobacteriaceae (Escherichia 
coli and Salmonella spp.) and/or non-fastidious Gram-
negative rods.  API Staph was used for 24-h identification 
of Staphylococci spp., Micrococci spp., and Kocuria spp.   
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API Listeria was used to identify Listeria species and was 
specific for Listeria species only. The Microbial 
Identification System identified bacterial cells by gas 
chromatographic analysis of cellular fatty acids. The 
system worked by comparing the composition of the 
bacterial sample fatty acid methyl esters to a stored 
database of bacteria using pattern recognition software 
(Sasser, 2001). Samples positively identified as 
Escherichia coli by API 20E and/or MIDI’s Microbial 
Identification System were further analyzed using  the 
confirmation methods Bacto® E. coli O antiserum O157 
and Bacto® E. coli H antiserum H7 (Fisher Scientific., 
Detroit, MI), and the Reveal antigen-antibody detection 
system for Escherichia coli O157:H7 (Neogen Corp., 
Lansing, MI). 
 
 
Statistical analyses 
 
The experimental design utilized in this study was a 
randomized complete factorial with sampling points (8 
levels), harvests (3 levels), species (1 level), samples 
analyzed (2 per location), and media (6). Each beef 
slaughter consisted of five to a maximum of 10 steers 
and/or cows.  The dependent variables for each of the 
factors tested were types of media (6).  Each air sample 
collected in this study consisted of two subsamples.  All 
data collected in this study were analyzed using SAS 
(2013) for Windows, version 9, analysis of variance 
method for General Linear Model Procedures (Proc 
GLM).  Any significant differences were analyzed by the 
multiple comparisons procedure of LSD (least significant 
difference), using a level of significance of alpha < 0.05. 
 
 
RESULTS AND DISCUSSION 
 
Total airborne bacteria and yeast and mold 
 
Total airborne bacteria (TAB) counts revealed no 
significant differences (P> 0.05) among the three beef 
harvestings. TAB counts were higher (P< 0.05) in the 
bleeding pit, hide removal, and back splitting areas during 
harvesting when compared to the coolers before and 
during harvesting (Table 1). TAB counts were similar (P> 
0.05) for bleeding pit, hide removal, and back splitting 
areas before and during harvesting. No Significant 
differences (P> 0.05) were revealed in yeast and mold 
counts (YAM) among the three beef harvestings. YAM 
counts were similar (P> 0.05) for bleeding, hide removal, 
and back-splitting areas before and during harvesting 
(Table 1). YAM counts for the coolers before and during 
harvesting were similar (P> 0.05) to each other, and 
lower than all other areas before and during slaughter. 
The data revealed that TAB and YAM counts were not 
affected by the presence of animals on the slaughtering 
floor during harvesting. The data  reveals   no   significant  

 
 
 
 
effects or association among cattle and the level of TAB 
and YAM. The microbial counts during slaughtering were 
probably environmental in nature. The lower TAB and 
YAM counts observed in the coolers before and during 
harvesting could be attributed to the low cooler 
temperature (0°C). Values reported in this study for 
bovine harvestings were similar to those reported by 
Rahkio and Korkeala (1997) during pork harvesting. The 
researchers reported similar values of 3.13 to 4.07 log 
CFU/m

3
 of air counts in the back splitting area and 2.13 

log CFU/m
3
 of air counts inside the holding cooler in a 

pork harvesting facility. Unfortunately, no microbial data 
were available for beef harvesting in published literature. 
 
 
Bacteria grown on mannitol salt agar  
 
Airborne bacteria collected on mannitol salt agar (MSA) 
during three beef slaughters resulted in no significant 
differences (P> 0.05) among slaughters. Except for the 
back-splitting area during harvesting, MSA counts in the 
bleeding pit and hide removal areas during harvesting 
were higher (P< 0.05) than all areas before and during 
harvesting (Table 2). MSA counts for back-splitting area, 
bleeding pit and hide removal areas during harvesting 
were similar (P> 0.05).  The data demonstrated that the 
presence of cattle on the harvesting floor along with the 
ongoing slaughtering practices resulted in increased 
bacterial counts during harvesting. Harvesting processes 
such as cattle washing, bleeding, hide removal, and hide 
spraying, caused surface bacteria to become 
aerosolized. The presence of Staphylococcus aureus on 
animal hides, skin, and possible lesions and bruised 
tissue along with personnel manipulation during 
slaughtering could also have increased the bacteria 
counts in the bleeding and hide removal areas. The 
majority of the airborne bacteria collected on MSA during 
three beef slaughters were Gram positives (98.11%), with 
staphylococcus spp. representing 83.02% of the Gram 
positive microflora (Table 3). Staphylococcus aureus 
represented 3.78% of the total Staphylococcus spp. 
Other Gram positive bacteria isolated included Bacillus 
atrophaeus and Micrococcus species. The association of 
Staphylococcus, Micrococcus and Bacillus species with 
mammalian skin, soil and animal feces could be 
explained by their (bacteria) presence in bioaerosols 
collected during the three beef harvestings. Gram 
negative bacteria represented 1.89% of the total 
microflora and included Shigella flexneri which is in the 
Enterobacteriaceae family. Shigella flexneri  is ubiquitous 
and can be found in soil, water, plants and animal faeces. 
 
 
Modified oxford agar 
 
No significant differences (P> 0.05) were revealed among 
the  beef   harvestings. The   back   splitting  area   during 
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Table 1. Mean total aerobic bacteria and yeast and mold counts for bioaerosols 
collected before and during three Bovine harvests. 
  

Total counts (log CFU/m3 of air) 
Sampling areaa Total aerobic count SEMb Yeast and mold SEMb 

A 2.35AB 0.06 2.71A 0.12 
B 2.28AB 0.10 2.68A 0.10 
C 2.31AB 0.54 2.64A 0.08 
D 1.57B 0.81 1.55B 0.59 
E 2.83A 0.16 3.29A 0.09 
F 3.18A 0.20 3.28A 0.09 
G 3.16A 0.15 3.19A 0.11 
H 1.77B 0.04 1.14B 0.64 

 
a
Before harvest: A = bleeding pit; B = hide removal; C = back splitting; D = cooler;  

During harvest: E = bleeding pit; F = hide removal; G = back splitting; H = cooler after 24 h,  
b
SEM = Standard error of the treatment means,   

ABCDE Means within a column followed by different letters (A, B) differ significantly (P< 0.05). 
 
 

Table 2. Mean airborne bacteria collected on mannitol salt agar 
and modified oxford agar before and during three Bovine 
harvests 
 

Sampling areaa 

Total counts (log CFU/m3 of air)c 

Mannitol Agar Modified Oxford Agar 

Average SEMb Average SEMb 

A 1.34B 0.46 0.85C 0.47 
B 1.26B 0.05 1.27BC 0.24 
C 1.09B 0.59 1.23BC 0.01 
D 1.02B 0.45 1.05BC 0.47 
E 2.52A 0.13 1.85AC 0.59 
F 2.55A 0.08 1.72AC 0.95 
G 1.66AB 0.56 2.59A 0.24 
H 0.89B 0.49 1.17BC 0.45 

 
a
Before harvest: A = bleeding pit; B = hide removal; C = back splitting; D = cooler;  

During harvest: E = bleeding pit; F = hide removal; G = back splitting; H = cooler after 24 h,  
b
SEM = Standard error of the treatment means  

ABCDE Means within a column followed by different letters differ significantly (P< 0.05). 
 
 
 
harvesting had higher (P < 0.05) MOX counts than cooler 
during harvesting and all areas before harvesting (Table 
2). MOX counts for bleeding pit before harvesting were 
lower (< 0.05) than counts in bleeding pit, hide removal 
and black splitting areas during harvesting, except for the 
back splitting area during harvesting and bleeding pit 
before harvesting. MOX counts were similar P> 0.05) for 
all other areas. The counts were less than 2.7 log cfu/m

3
 

of air for all areas and ranged from 0.85 to 2.59 CFU/m
3
 

of air. No Listeria species were isolated from air samples 
during this study. All microorganisms isolated on MOX 
plates were Gram positive, with Microbacterium spp. 
(31.25 %) and Bacillus spp. (43.75 %) being the major 
bacteria isolated (Table 3). All organisms isolated are 
widely distributed in the environment and are associated 
with the contamination of meat and dairy products. The 
presence of Bacillus and Microbacterium could be 
attributed to their presence in soil, mammalian skin and 
animal feces. These bacteria could have entered the 
slaughtering facilities through contaminated hides of 
animals, feces, soil   on   workers’   clothing   and   shoes, 

equipment transport and human carriers.  
 
 
Bacteria grown on violet red bile agar 
 
Violet red bile agar counts (VRBA) were similar (Inserted 
P> 0.05) among the three beef harvestings. VRBA counts 
were similar (P> 0.05) for all sampling areas, and were 
less than 1.10 log cfu/m

3
 of air (Table 4). No bacteria 

were detected in the coolers before and during 
harvesting. The predominant bacteria isolated on the 
VRBA plates were Gram negative (93.94%) with 82.86%, 
and 8.57% of the Gram negatives being 
Enterobacteriaceae, and Pseudomonadaceae, 
respectively (Table 5). These species are normally 
associated with soil and fecal matter and therefore are 
found on the hides of cattle. The Enterobacteriaceae and 
Pseudomonadaceae species in the bioaerosols may 
have entered the slaughtering facility on the hides of 
animals, animal feces or the workers’ shoes. Generic 
Escherichia  coli  represented 3.33%   of   the   microflora 
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Table 3.  Bioaerosol bacteria isolated on mannitol agar and 
modified oxford agar plates during three Bovine harvests. 
 

Mannitol Agar 
Gram Positives (98.11%) Gram Negatives (1.89%) 

Bacillus atrophaeus Shigella flexneri 
Micrococcus spp.  
Staphylococcus aureus  
Staphylococcus capitis  
Staphylococcus chromogenes  
Staphylococcus cohnii cohnii  
Staphylococcus epidermis  
Staphylococcus gallinarum  
Staphylococcus hominis  
Staphylococcus hyicus  
Staphylococcus kloosii  
Staphylococcus lentus  
Staphylococcus saprophyticus  
Staphylococcus schleiferi 
Staphylococcus sciuri 

 

Staphylococcus simulans  
Staphylococcus xylosus  

Modified Oxford Agar 

Gram Positives (100%) Gram Negatives 
Bacillus atrophaeus None 
Bacillus coagulans  
Bacillus pumilus  
Kocuria kristinae  
Microbacterium barkeri  
Microbacterium esteraromaticum  
Microbacterium schleiferi  
Nesterenkonia halobia  

 
Table 4. Mean airborne bacteria collected on violet red bile 
agar and xylose-lysine-tergitol 4 before and during three 
Bovine harvests  
 

Airborne bacteria (log CFU/m3 of air)c 

Sampling areaa 
Violet red bile agar XLT4 Agar 

Mean SEMb Mean SESEMb 

A 0.26A 0.45 NG - 
B 0.26A 0.45 NG - 
C 0.26A 0.45 NG - 
D 0.01A - NG - 
E 0.52A 0.63 0.77 0.45 
F 1.04A 0.66 NG - 
G 0.68A 0.01 NG - 
H 0.01A - NG - 

 
a
before harvest: A = bleeding pit; B = hide removal; C = back 

splitting; D = cooler; During harvest: E = bleeding pit; F = hide 
removal; G = back splitting; H = cooler after 24 h, 
b
SEM = Standard error of the treatment means 

ABCDE Means within a column followed by different letters differ 
significantly (P< 0.05). 
the beef 

 
 
 
 
isolated during the three beef slaughters. Escherichia coli 
O157:H7 was not isolated from any of the air samples 
taken from the four sampling areas. Gram positive 
bacteria represented 6.06% and included Bacillus 
pumilus, which is frequently isolated from meat and dairy 
products (Doyle et al., 2001). 

Bacteria grown on xylose lysine tergitol-4 agar 
 
Xylose lysine tergitol-4 agar (XLT4) counts were similar 
(P> 0.05) for the three beef harvestings. Except for the 
bleeding pit during harvesting, no growth was detected 
on XLT4 plates (Table 4). XLT4  counts   for   the    cooler  
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Table 5.  Airborne bacteria isolated on violet red bile agar and xylose-lysine tergitol 4 during 
three Bovine harvests. 
 

Violet red bile agar   

Gram negative (93.94%)  Gram positive (6.06%) 

Acinetobacter calcoaceticus Pseudomonas fluorescens Bacillus pumilus 
Acinetobacter haemolyticus Pseudomonas putida  
Cedecea davisae Salmonella choleraesuis houtenae  
Chryseomonas luteola Salmonella typhi  
Enterobacter cloacae Salmonella Typhimurium  
Escherichia coli   
Flavimonas oryzihabitans   
Kluyvera cryocrescens   
Pseudomonas aeruginosa   
Xylose-Lysine-Tergitol 4 agar   

Gram negative (71.43%)  Gram Positive (28.57) 

Enterobacter cloacae Salmonella Typhimurium Bacillus sphaericus 
Escherichia coli  Shigella flexneri  
Salmonella choleraesuis houtenae   

 
 
 

Table 6.  Bacteria isolated from beef carcasses held at 0°C for 24 
h during three Bovine harvests 
 

Gram Negative (53.57%) Gram Positive (46.43%) 

Citrobacter freundii Bacillus megaterium 
Enterobacter aerogenes Bacillus pumilus  
Enterobacter asburiae Kocuria kristinae  
Enterobacter cancerogenus Microbacterium esteraromaticum 
Enterobacter cloacae Microbacterium saperdae 
Escherichia coli Paenibacillus popilliae 
Escherichia fergusonii Staphylococcus aureus 
Kluyvera ascorbate Staphylococcus capitis 
Kluyvera cryocrescens Staphylococcus chromogenes 
Moraxella nonliquefaciens Staphylococcus epidermidis 
Morganella morganii Staphylococcus hominis 
Salmonella Typhimurium Staphylococcus hyicus 
Salmonella bongori Staphylococcus lentus 
Shigella sonnei Staphylococcus saprophyticus 
Shigella flexneri Staphylococcus sciuri 
 Staphylococcus simulans 

 
 
 
 
 
were 0.77 log CFU/m

3
 of air.  The predominant bacteria 

isolated were Gram negative Enterobacteriaceae 
(71.43%) with Enterobacter spp., Salmonella spp., 
Shigella spp., and generic E. coli representing 14.28, 
28.57, 14.28, and 14.28%, respectively (Table 5). 
Bacillus Sphaericus was the only Gram positive bacteria 
isolated, and represented 28.57% of the total microflora 
isolated on XLT4 agar. 
 
Beef carcass swabs collected during beef harvesting  
 
Except for Moraxella nonliquefaciens (3.33% of Gram 
negative bacteria), all Gram negative bacteria isolated 
from beef carcasses, stored in cooler (0⁰C) for 24 h after 
harvesting were members of the Enterobacteriaceae 
family (Table 6). Gram negative bacteria represented 

53.57% of the microflora, with 96.67% of the Gram 
negatives being Enterobacteriaceae. It is well 
documented that Enterbacteriaceae grows well on 
aerobically stored refrigerated muscle foods (Doyle et al., 
2001). Gram positive microflora on the carcasses 
represented 46.43% of the total microflora and consisted 
primarily of Staphylococcus species (65.38%), 
Microbacterium (15.20%) and Bacillus (7.69%). 
Staphylococcus aureus represented 29.41% of the total 
Staphylococci. The high percentage of Staphylococci 
isolated on the carcasses suggested that cross 
contamination with workers may have played a major 
role. Listeria species and Escherichia coli O157:H7 were 
not isolated from any of the beef carcass swabs in this 
study. In contrast to this study, Barkocy-Gallagher et al. 
(2003) recovered    E.   coli    O157:H7    from   1.2%   of  
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Table 7. Bacteria isolated from bioaerosol before and during harvesting and 
carcasses during three Bovine harvestings 
 

Before harvesting During Slaughter 
Gram Negative Gram Negative 

Acinetobacter calcoaceticus Cedecea davisae 
Acinetobacter haemolyticus Chryseomonas luteola 
Chryseomonas luteola Enterobacter cloacae (C) 
Escherichia coli (C)* Escherichia coli (C) 
Flavimonas oryzihabitans Flavimonas oryzihabitans 
Pseudomonas aeruginosa Kluyvera cryocrescens (C) 
Shigella flexneri (C) Pantoea spp. 
Stenotrophomonas maltophilia Pseudomonas aeruginosa 
 Pseudomonas fluorescens 
 Pseudomonas putida 
 Salmonella choleraesuis houtenae 
 Salmonella typhi 
 Salmonella Typhimurium (C) 
 Shigella flexneri (C) 
  

Gram Positive Gram Positive 

Bacillus atrophaeus  Bacillus atrophaeus 
Bacillus pumilus (C) Bacillus coagulans 
Micrococcus spp. Bacillus pumilus (C) 
Nesterenkonia halobia Bacillus sphaericus 
Staphylococcus capitis Kocuria kristinae (C) 
Staphylococcus chromogenes (C) Microbacterium barkeri 
Staphylococcus epidermis (C) Microbacterium esteraromaticum (C) 
Staphylococcus gallinarum Microbacterium schleiferi 
Staphylococcus hominis (C) Micrococcus spp. 
Staphylococcus hyicus (C) Nesterenkonia halobia 
Staphylococcus sciuri (C) Staphylococcus aureus  (C) 
Staphylococcus xylosus Staphylococcus capitis (C) 
 Staphylococcus chromogenes (C) 
 Staphylococcus cohnii (C)  
 Staphylococcus epidermidis (C) 
 Staphylococcus hominis (C) 
 Staphylococcus hyicus (C) 
 Staphylococcus lentus (C) 
 Staphylococcus saprophyticus (C) 
 Staphylococcus schleiferi 
  Staphylococcus xylosus 

 
*C denotes bacteria isolated from carcasses after 24 h in cooler (0⁰C). 

 
 

Table 8.  Similar bacteria isolate types that were isolated in porcine 
and bovine airborne and carcass samples during three Swine and 
three Bovine harvestings. 
 

Airborne Swine and Bovine bacteria isolate 

Gram Negative  Gram Positive  
Chryseomonas luteola Bacillus pumilus 
Enterobacter cloacae Bacillus sphaericus 
Escherichia coli Kocuria kristinae 
Flavimonas oryzihabitans Microbacterium barkei 
Kluyvera cryocrescens Staphylococcus aureus 
Pantoea spp. Staphylococcus capitis 
Pseudomonas aeruginosa Staphylococcus chromogenes 
Pseudomonas fluorescens Staphylococcus cohnii 
Pseudomonas putida Staphylococcus epidermis 
Salmonella typhi Staphylococcus gallinarum 
Salmonella Typhimurium Staphylococcus hominis 
Shigella flexneri Staphylococcus hyicus 
Stenotrophomonas maltophilia Staphylococcus saprophyticus  
 Staphylococcus xylosus 



Official Publication of Direct Research Journal of Agriculture and Food Science: Vol. 8, 2020, ISSN 2354-4147 

Direct  Res. J. Agric. Food Sci.          206 
 
 
 

Table 8.  Cond. 
Swine and Bovine carcass bacteria isolate 

Gram Negative  Gram Positive 
Enterobacter asburiae Staphylococcus aureus 
Enterobacter cancerogenus Staphylococcus chromogenes 
Enterobacter cloacae Staphylococcus epidermidis 
Escherichia coli Staphylococcus hominis 
Escherichia fergusonii Staphylococcus hyicus 
Morganella morganii  
Shigella sonnei  
Shigella flexneri  

 
 
 
post-intervention beef carcasses. Maki and Picard, 
(1965) isolated and studied approximately 600 intestinal 
bacteria isolates from the duodenum, ileum, cecum, and 
colon of 15 cattle. The researchers determined that the 
bacteria most frequently isolated from all parts of the 
intestinal tract included Escherichia coli, Streptococcus 
bovis, Bacillus spp., and other gram positive bacteria.  
 
Comparison of airborne bacteria and beef carcass 
swabs 
 
Bacillus pumilus, Staphylococcus spp.  (chromogenes, 
epidermis, hominus, and hyicus), Escherichia coli, and  
Shigella flexneri were isolated from air samples before 
and during harvesting and from the carcass (Table 7). 
The presence of  these bacteria from air samples before 
and during harvesting and from the carcasses revealed 
possible cross contamination of the carcasses with 
bacteria in bioaerosols, workers and equipment and  
utensils used in processing. Williams and Sutton-
Cosenza (2020) reported that Staphylococcus spp. and 
Enterobacteriaceae were the major bacteria isolated 
during the slaughter of pork along with Bacillus, 
Microbacterium and Micrococcus species. A comparison 
of the bacteria isolates for the three swine (Williams and 
Sutton-Cosenza, 2020) and three bovine harvestings in 
this current study revealed that approximately 22.81% 
and 18.67% of the Gram negative and Gram positive 
isolates, respectively, were similar (Table 8). The data 
also demonstrated that the isolate types on the swine 
(Williams and Sutton-Cosenza, 2020) and bovine 
carcasses were primarily in the Enterobacteriaceae and 
Staphylococcaceae families. It was also evident from this 
study that both animal species contained similar 
potentially pathogenic bacteria that included Shigella 
sonnei, Shigella flexneri (Bagamboula et al., 2002), and 
Staphylococcus aureus. 
 
Conclusion 
 
The data revealed that total airborne and yeast and mold 
counts were not affected by the presence of animals on 
the slaughtering floor during harvesting. The data 
revealed no significant effects or association among 
cattle and the level of TAB and YAM. The microbial 

counts during slaughtering were probably environmental 
in nature. The lower TAB and YAM counts observed in 
the coolers before and during harvesting could be 
attributed to the low cooler temperature Staphylococcus 
spp. increased during harvesting at bleeding pit and hide 
removal areas when compared to counts prior to 
harvesting. Predominant Gram negative airborne bacteria 
isolated during harvesting and on the carcasses included 
Enterobacteriaceae, and predominant Gram positives 
were Staphylococcus, Microbacterium spp. and Bacillus 
spp. Potential pathogens isolated included 
Staphylococcus aureus, Salmonella Typhimurium, 
Shigella flexneri, Shigella Sonnei, and Pseudomonas 
aeruginosa. The isolation of bacteria from air samples 
and carcass swabs revealed that the bioaerosols created 
during harvesting might be a significant vehicle for 
transporting bacteria and contributing significantly to 
cross contamination of bovine carcasses and finished 
products.  Neither Listeria spp. nor Escherichia coli 
O157:H7 were isolated from the bioaerosol samples or 
carcasses. A comparison of bacteria isolates in airborne 
and on the carcasses of porcine (Williams and Sutton-
Cosenza, 2020) revealed similar isolate types on both 
species. It was also revealed that in the airborne and 
carcass samples of both animal species, there were 
potentially pathogenic bacteria. The higher counts 
observed during harvesting when compared to counts 
before harvesting were attributed to the presence of 
animals on the slaughtering floor, slaughtering 
processes, and possibly employee cross contamination. 
This study revealed that an effective use of air sampling 
in small scale, as well as large scale, harvesting facilities 
can provide invaluable food safety information concerning 
the transport of pathogenic and spoilage bacteria in 
harvesting and further processing facilities. It is important 
to note that air sampling procedures must be conducted 
in the facilities for each processor in order to collect 
relevant data for the specific facility and animals being 
processed. Air sampling will also assist in insuring and 
maintaining the safety and health of the workers in the 
harvesting and processing areas. This study also 
revealed the importance of insuring that workers are 
supplied with the proper breathing equipment to prevent 
inhalation of bioaerosols that might contain harmful 
bacteria and fumes while working.  



Official Publication of Direct Research Journal of Agriculture and Food Science: Vol. 8, 2020, ISSN 2354-4147 

Williams and Cosenza-Sutton          207 
 
 
 
Authors’ declaration   
  
We declare that this study is original research by our 
research team.  
 
 
REFERENCES 
  
Anderson BD, Lednicky JA, Torremorell M, Gray GC (2017). The Use of 

Bioaerosol Sampling for Airborne Virus Surveillance in Swine 
Production Facilities: A Mini Review. Front. Vet. Sci. 4:121. 
doi:10.3389/fvets.2017.00121 

Antic D, Blagojevic B, Ducic M, Nastasijevic I, Mitrovic R, Buncic S 
(2009). Distribution of microflora on cattle hides and its transmission 
to meat via direct contact. Food Control 

21: 1025-1029. 
Bagamboula M, Uyttendaele CF, Debevere J (2002). Acid tolerance of 

Shigella sonnei and Shigella flexneri. J. Applied Micrbiol. 93:479-486. 
Barkocy-Gallagher GA, Arthur TM, Rivera-Betancourt M, Nou X, 

Shackelford SD, Wheeler TL, Koohmaraie M (2003). Seasonal 
prevalence of shiga toxin-producing Escherichia coli, including 
O157:H7 and non-O157 serotypes, and Salmonella in commercial 
beef processing plants. J. Food. Prot. 66:1978-1986. 

Beck SH, Castillo A, Kinney KA, Zuniga A, Mohammad Z, Lacey RE, 
King MD (2019). Monitoring of pathogenic bioaerosols in beef 
slaughter facilities based on air Sampling and airflow modeling. 
American Society of Agricultural and Biological Engineers, 35: 1015-
1036.  

BioMérieux (2002). API 20E, API Staph, and API L. bioMérieux 
Diagnostics S.A., 69280 Marcy l’Etoile France. 

Doyle MP, Beuchat LR, Montville TJ (2001). Food microbiology: 
fundamentals and frontiers. ASM press, Washington, D.C. 

Heldman DR (1974). Factors influencing airborne contamination of 
foods: a review. J. Food. Sci. 39:962-969.  

Jericho KW, Ho FJ, Kozub GC (2000). Aerobiology of a high-line speed 
cattle abattoir. J. Food. Prot. 63:1523-1528. (21). 

Lennox International Inc., (2019). Bioaerosols. Retrieved at 
https://www.lennox.com/buyers-guide/guide-tohvac/ 
glossary/bioaerosols. Accessed December 16, 2019. 

Maki LR, Picard K (1965). Normal intestinal flora of cattle fed high-
roughage rations. J. Bacteriol. 89:1244-1249.  

Millner PD (2009). Bioaerosols associated with animal production 
operations. Bioresource Technology. 100:5379-5385. 

Mold and Bacteria Consulting Laboratories (2020). Airborne bacteria 
and mold in slaughterhouse facilities. Retrieved at 
https://www.moldbacteria.com/bacteria/airborne-bacteria-and-mold-
in-slaughterhouse-
facilities.html#:~:text=Most%20of%20the%20Gram%20positive,Shige
lla%20spp.%2C%20Staphylococcus%20spp. Accessed June 12, 
2020. 

Rahkio TM, Korkeala HJ (1997). Airborne bacteria and carcass 
contamination in slaughterhouses. J. Food. Prot. 60:38-42. (34). 

SAS (2013). Version 9, SAS Institute, Cary, NC. 
Sasser M (2001). Identification of bacteria by gas chromatography of 

cellular fatty acids. Technical note #101. Available at: 
http://www.midi-inc.com/pages/literature.html. Accessed 4 April 2004. 
Theisinger SM, de Smidt O (2017). Bioaerosols in the food and 

beverage industry, ideas and applications toward sample preparation 
for food and beverage analysis, Mark T. Stauffer, Intech Open, DOI: 
10.5772/intechopen.69978. Available from: 
https://www.intechopen.com/books/ideas-and-applications-toward-
sample-preparation-for-food-and-beverage-analysis/bioaerosols-in-
the-food-and-beverage-industry#B12  

USDA FSIS (2019). Microbiology Laboratory Guidebook. Available at: 
https://www.fsis.usda.gov/wps/portal/fsis/topics/science/laboratoriesa
nd-procedures/guidebooks-and-methods/microbiology-
laboratoryguidebook/microbiology-laboratory-guidebook Accessed 
December 12, 2019. Updated June 5, 2019.   

USDA FSIS (1999). Guidelines for Escherichia coli Testing for Process 
Control Verification in Cattle and Swine Slaughter Establishments. 

 
 
 
 
 

Retrieved at https://www.fsis.usda.gov/wps/wcm/connect/cebac8d0-
954b-4cc2-abcf- 

205ad4f4ddcd/Guideline_for_Ecoli_Testing_Cattle_Swine_Estab.pdf? 
MOD=AJPERES. Accessed April 30, 2020.  

USFDA (2019). The Bacteriological Analytical Manual Online. Available 
at:https://www.fda.gov/food/laboratory-methods-
food/bacteriologicalanalytical-manual-bam. Accessed December 12, 
2019. Current as of December 2, 2019. 

Williams SK, Cosenza-Sutton G (2020). Enumeration and identification 
of microorganisms present in bioaerosols in a swine harvesting 
facility. Direct Research Journal of Agriculture and Food Science 8: 
12-20. ISSN 2354-4147, DOI: 
https://doi.org/10.26765/DRJAFS15029335.     

ArticleNumber:DRJAFS15029335, 
https://directresearchpublisher.org/drjafs/ 


