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Background 

Spray-chilling is the intermittent addition of potable water to the surfaces of carcasses during the 
first stage (initial 8-12 h) of chilling. This process reduces evaporative water losses from carcass 
surfaces that result in considerable weight shrinkage. Carcass weight loss due to evaporation of 
water can be reduced by 0.5 to 1.5 % by spray application during the first 24 hours of chilling (Allen 
et al., 1987; Jones et al., 1988). Although carcass shrink is an important financial factor for the beef 
industry, scientific research has been conducted (Doyle et al., 2002; Gill et al., 2003; Hippe et al., 
1990) to determine if increased water activity on carcass surfaces during chilling has a significant 
effect on microbial activity. Carcass surface temperature is not the singular, limiting, factor in 
proliferation of pathogenic bacteria (Doyle et al, 2002). The time required for carcass surfaces to 
reach a temperature low enough to retard microbial proliferation is also critical, and it is during this 
window, while surfaces are warm and wet, where it becomes a concern that pathogenic bacterial 
profiles are being shifted (Cross et al., 2004).  
 
The microbiological profiles of carcasses exiting the hot box rely heavily on the good manufacturing 
practices (GMPs) implemented at each individual packing facility, the dedication of its employees 
and the upkeep of a properly constructed hot box. The final destination of outer surfaces of beef 
carcasses are often to trimmings destined for ground product, making control of pathogenic 
bacterial levels on carcasses before and after chilling critical (Schmidt et al., 1998). Multiple 
intervention hurdles applied before chilling can be nullified by poor hot box GMPs, therefore, it is 
imperative that a plant implement rigid, yet practical guidelines for the proper handling and storage 
of carcasses during chilling such as those recommended by Schmidt et al., (1998):  
 

• All overhead surfaces and equipment must be kept free of condensation.  
• Stringent regulation of air and water quality.  
• Adequate carcass spacing to allow for rapid cooling of entire carcass surface.  
• Detours to minimize worker traffic through the hot box should be created.  
• All employees and equipment coming in contact with carcass surfaces should sanitize/be 

sanitized frequently.  
 

Gill (2003) stated that although past research shows little difference between dry-chilling vs. spray-
chilling methods, some commercial plants have implemented slower, extended spray-chilling 
systems to reduce the risk of cold shortening and subsequent decreases in product tenderness. 
These changes combined with the antimicrobial hurdles being applied at most North American beef 
processing facilities, could be affecting microbiological integrity of carcasses. Since past 
research was conducted on carcasses not receiving current antimicrobial intervention 
strategies (Gill 2003), the effects of microbial decontamination methods and current spray-



 

chilling practices in combination are uncertain and require further investigation (Gill 2003).  
 
The stated objectives for this work were: 
 

a) To examine potential introduction of E. coli 0157:H7 to beef carcasses in hotboxes of three 
commercial plants during chilling.  

b) To determine the changes in APC, TCC, and ECC and prevalence of E. coli 0157:H7 on beef 
carcasses chilled using spray-chilling vs. dry-chilling.  

c) To characterize hot box “best practices” by comparing hot box conditions, carcass handling 
practices and outcomes in three commercial processing beef packing plants.  

d) To compare APC, TCC and ECC populations of samples recovered from the upper region of 
hanging carcasses versus the lower region.  
 

Methodology 

Processing plants. Samples were collected at three commercial beef packing plants which harvest 
predominately steers and heifers. Plants were located in the Northeastern and Southwestern regions 
of the United States, and samples were collected during September and October of 2003. At all 
plants, temperature recorders (SAPAC TempRecord II, Auckland NZ) were placed just below (1 mm) 
the fat layer at the posterior most part of the cut side surface of the round (upper) or on the brisket 
at a point level with the elbow (lower) of randomly selected carcasses (N = 28), and carcass surface 
temperature was recorded every 5 min throughout chilling (~48 h).  
 
Sample collection. Samples were comprised of 3 individual sterile sampling sponges (BioPro 
EnviroSponge Bags, International BioProducts, Redmond WA.) hydrated with 25 ml of 0.1% sterile 
buffered peptone water (BPW, Difco Laboratories, Detroit, MI.) utilized to swab a 500 cm2 area of 
either the brisket, on a point of the ventrum level with the elbow, the flank, on a point of the ventrum 
within 10 cm of the midline, or rump, on the posterior most part of the cut side surface of the round 
as described by USDA-FSIS (1996), on one side of 5 consecutive carcasses. Each individual sponge 
was utilized for one anatomical area on one side of 5 carcasses, representing 2500 cm2 of sample 
area per sponge. Sponges from the round and flank were combined (upper region) in a single sterile 
bag (BioPro EnviroSponge Bags, International BioProducts, Redmond WA.) and sponges from the 
brisket (lower region) were placed in a separate sterile bag (BioPro EnviroSponge Bags, International 
BioProducts, Redmond WA.). Sampler hands and templates were sterilized between carcass groups 
by submersion in 80°C water for 8-10 sec. On each day of sampling, sides (left or right) sampled 
were alternated to reduce potential effects introduced by bacterial loads on leading versus trailing 
sides.  
 
As an aside to this project, pockets of gelatinous material found in fat tears created during hide 
removal, were excised from the logissimus dorsi region between the 12th and 13th rib following 
chilling at Plant C. Fluid pockets (N=40) were aseptically removed using a downward stripping 
motion, and collecting approximately 20 ml of the retained fluid.  
 
After collection, all samples were immediately cooled to 4°C, packaged in insulated shipping 
containers, covered with cardboard to prevent direct contact of samples with the frozen ice packs, 
and shipped overnight to Food Safely Net Services, San Antonio, TX.  
 
Treatments. At plant A, samples were recovered from carcasses which were either dry-chilled 
following final intervention or sprayed (1 min) with a water spray at 10 min intervals during 
initial (10 h) chilling (spray-chilling). On Day 1 samples were collected from the left sides of 
carcass groups (N = 110 groups comprised of 550 carcasses) entering an isolated cooler 
where a water spray was applied during initial chilling; following chilling (48 h) samples were 



 

collected (N = 151 groups comprised 755 carcasses) from the opposite sides of the same lots of 
carcasses upon exiting the hot box. On Day 2 samples were collected from the left sides of carcasses 
(N = 193 groups comprised of 965) entering a cooler where no water spray was applied during 
chilling (dry-chilling), following chilling (48 h) samples (N = 200 groups comprised of 1000 
carcasses) were collected from the opposite sides of the same lots of carcasses upon exiting the hot 
box. On Day 3 samples were collected from the right sides of carcass groups (N = 157) entering an 
isolated cooler where a water spray was applied; following chilling (48 h) samples (N = 151 groups 
comprised of 755 carcasses) were collected from the opposite sides of the same lots carcasses 
upon the hot box. On Day 4 samples (N= 73 groups comprised of 375 carcasses) were collected 
from right sides of carcasses entering a cooler where no water spray was applied during chilling (dry-
chilling), following chilling (48 h) samples (N = 66 groups comprised of 330 carcasses) were 
collected from the opposite sides of the same lots of carcasses upon exiting the hot box. Pre-chilled 
carcass samples were collected from carcasses entering the hot box immediately following final 
intervention. Post-chilled carcass samples were collected from carcasses upon exiting the hot box, 
immediately prior to USDA grading, following ribbing. Harvest floor chain speeds into the hot box 
were 280 hd/hr and carcasses were transferred from the hot boxes into the sales cooler at 340 
hd/hr. Harvest floor microbiological decontamination methods included; 1) pre-evisceration hot 
water wash (82°C) followed by 2.5% lactic acid spray, 2) ambient temperature (38°C) water wash 
following zero-tolerance inspection, 3) final hot water wash (82°C), and a 2) final application of 2.5% 
lactic acid directly before carcasses entered the hot boxes (Table 1). Plant A hot box sanitation 
standard operating procedures (SSOP’s) included; 1) cleaning of coolers during operations as they 
are emptied; 2) pillars, walls and floors are cleaned and sanitized in a manner that does not cross 
contaminate hanging carcasses by removing dry/solid debris from floors and walls, rinsing with 
water, applying a cleaning agent, rinsing and sanitizing. 3) Floors under the main hot box chain (that 
which runs carcasses from the slaughter floor to the hot boxes and from the hot boxes to the sales 
cooler) are cleaned daily prior to start of each production period. 4) Ceilings and overhead 
equipment are cleaned 2 times per year, or additionally if needed. Ambient temperature of the hot 
box during chilling is approximately 1o C during the first 36 h of chill, then lowered to approximately -
3°C.  
 
At plant B, samples were recovered from carcasses which were either spray-chilled (1 min spray at 
10 min intervals) during the initial 10 h of chilling or dry-chilled (no water application), after final 
intervention. On Day 1 samples (N = 250 groups comprised of 1250 carcasses) were collected from 
the right sides of carcasses entering an isolated hot box where a water spray would be applied 
during initial chilling, following chilling (48 h) samples (N = 256 groups comprised of 1280 
carcasses) were collected from the opposite sides of the same lots of carcasses upon exiting the hot 
box. Samples (N = 257 groups comprised of 1285 carcasses) were collected on Day 2 from the left 
sides of carcass groups entering an isolated cooler where no spray was applied during chilling, 
following chilling (48 h), samples (N = 250 groups comprised of 1250 carcasses) were collected 
from the right sides of the same lots of carcasses upon exiting the hot box. Pre-chilled carcass 
samples were collected from carcasses immediately following final intervention and electrical 
stimulation. Post-chilled carcass samples were collected directly preceding USDA grading, following 
carcass ribbing, just prior to fabrication. Harvest floor chain speeds were 210 hd/hr; chain speeds 
from the hox box into the sales cooler were 230 hd/hr. Harvest floor microbiological 
decontamination methods included; 1) pre-harvest intervention at feed yard (Lactobacillus 
acidophilus probiotic), 2) steam vacuum (2 high, 2 low) following hide removal, 3) pre-evisceration 
rinse cabinet (32-41°C) followed by 2.5% lactic acid rinse, 4) post-evisceration carcass wash (32-
41°C), 5) hot water pasteurization (82°C), 6) 2.5% lactic acid final intervention directly prior 
to entering coolers (Table 1). According to Plant B hot box SSOPs; 1) hot boxes are cleaned 
and sanitized every 48 h when hot boxes are emptied, 2) condensation removal using 
propane heaters and poles is maintained throughout each shift, 3) tools used to handle 



 

carcasses are sanitized frequently, and any tools, or clothing that has come in contact with the floor 
will be sanitized or replaced. 4) Employees wearing gloves and/or frocks will sanitize and change 
excessively dirty clothing frequently or anytime cross contamination has occurred. 5) Floors and 
hallways will be kept free of standing condensate and heavy pieces of fat. Plant B hot box standard 
operating procedures (SOP’s) included; 1) hot box temperature is raised and maintained at 18°C 
throughout cleaning until 15 min prior to the entry of hot carcasses, 2) a temperature of 7°C is 
maintained during the loading of the hot box, 3) temperature is reduced to 0°C once the hot box is 
fully loaded and throughout chilling. This procedure reduces the amount of condensate found in the 
hot box during the chilling process. 4) After cleaning and sanitation two designated employees are 
stationed in the hot box hallway, to direct carcasses into cleaned hot boxes.  
 
At plant C, all carcasses received an intermittent water spray during initial (10 h) chilling as this 
facility did not have adequate space to accommodate both spray chilled and dry chilled carcass 
treatment groups in isolated hot boxes. On Day 1 samples (N = 139 groups comprised of 695 
carcasses) were collected from the right sides of carcasses entering the hot box, following chilling 
(48 h) samples (N = 136 groups comprised of 680 carcasses) were collected from the left sides of 
the same lots of carcasses just prior to fabrication. On Day 2 samples (N = 127 groups comprised of 
635 carcasses) were collected from the left sides of carcasses entering the hot box; following chilling 
samples (N = 130 groups comprised of 650 carcasses) were collected from the right sides of the 
same lots of carcasses upon exiting the hot box. Ambient temperature of the hot box during Phase 1 
was approximately 3°C throughout chilling.  
 
Following collection of these samples (Plant C; Phase 1) plant operations were suspended and the 
facility underwent an intensive plant-wide sanitation. Slaughter was suspended, and clean-up was 
initiated on the slaughter floor, hot boxes alleys and yards. Following thorough sanitation, the 
slaughter facility and hot boxes were reassembled and the following adjustments to the facilities 
slaughter processes were made; 1) the concentration of lactic acid used in 3 intervention spray 
cabinets (located prior to evisceration, just before chilling, and directly before fabrication), was 
increased from 2% to 5%, 2) a hot water spray cabinet located directly prior to the final lactic acid 
spray cabinet, was included as a critical control point (CCP) and continuous water temperature (82o 
C) regulation was initiated, 3) alternate traffic routes were created, limiting personnel in the hot box 
to hot box and management employees only, 4) Carcass handling and sanitation procedures were 
also adjusted such that sanitizers throughout the hot box were cleaned, and maintained in proper 
working order (82°C); 5) carcass handling was reduced to a necessary basis only; 6) workers were 
informed on the importance of regular sanitation of boots, aprons, gloves and equipment and were 
encouraged to sanitize at more frequent intervals.  
 
After plant operations resumed and plant employees were given 1 week to adjust to these new 
processes, a second set (Plant C; Phase 2) of samples was collected. On Day 1, of Phase 2 samples 
(N = 130 groups comprised of 650 carcasses) were collected from the left sides of carcasses directly 
after final intervention; following chilling (48 h) samples (N = 139 groups comprised 695 carcasses) 
were collected from the right sides of the same lots of carcasses upon exiting the hot box. On Day 2, 
samples (N = 136 groups comprised of 680 carcasses) were collected from the right sides of 
carcasses following final intervention; following chilling (48 h) samples (N = 127 groups comprised of 
635 carcasses) were collected from the left sides of the same lots of carcasses upon exiting the hot 
box. Harvest floor microbial intervention strategies at Plant C included; 1) Pre-evisceration lactic acid 
wash (2% during Phase 1, 5% during Phase 2), 2) Zero Tolerance inspection and trim rail following 
evisceration, 3) 82°C water wash located directly after the hot scale immediately followed by 
cold water wash, 4) final lactic acid spray (2% during Phase 1, 5% during Phase 2) (Table 1). 
Pre-chilled carcass samples were collected from carcasses entering the hot box, 
immediately following final intervention. Post-chilled carcasses samples were collected from 



 

ribbed carcasses entering the retail cooler, just prior to USDA grading. Plant C hot box SSOP’s 
included: 1) cleaning of floors and walls as carcasses are removed from the hot box; 2) Scrubbers 
releasing quaternary ammonia solution are used to scrub floors and walls of dry/solid debris and 
floors and walls are then rinsed, 3) Walls, overhead equipment and ceiling are cleaned 2 times per 
year in a biannual plant-wide sanitation effort. Ambient temperature of the hot box during Phase 2 of 
sample collection was approximately 3°C throughout chilling.  
 
Microbiological analysis. Upon arrival at the laboratory, temperature of each shipping container was 
measured and recorded. Any samples received above 4°C were discarded due to temperature abuse. 
One shipment containing 127 samples collected from pre-chilled carcass from Plant C collection 
were not analyzed due to extreme temperature abuse. All remaining samples were analyzed for APC, 
TCC, ECC and the prevalence of E. coli O157:H7. Buffer from sample sponges was prepared into a 
1:10 dilution using 0.1% sterile, buffered peptone water (BPW, Difco Laboratories, Detroit, Mich.). 
Samples were stomached for 1 to 2 min, and 1 ml of the extracted buffer was placed on both a 
PetrifilmTM Aerobic Count Plate (APC) and a PetrifilmTM E. coli/Coliform Count Plate (TCC, ECC) and 
were incubated for 48 h at 32°C. PetrifilmTM APC colonies possessing a bright red color were 
counted as aerobic colonies (APC). Colonies on PetrifilmTM EC/CC plates closely associated with a 
gas bubble and possessing a bright red or bright blue color were counted as coliforms (TCC), 
whereas colonies possessing a blue or red-blue color were counted as E. coli biotype I (ECC). 
Following the USDA-MARC method for the detection of E. coli O157:H7 (Barkocy-Gallagher et al., 
2002), 10 g of fluid was taken from each sample bag and suspended in 90 g tryptic soy broth (TSB; 
Difco, Becton Dickinson & Co., Sparks, MD) incubated for 2 hr at 25°C, followed by 6 hr at 42°C and 
then overnight at 4°C. After incubation, 20 μl of anti-E. coli O157 Dynalbeads (Dynal Laboratories, 
Lake Success, NY) and 100 μl 0.05% protamine (Sigma, St. Louis, MO) were added to 1 ml aliquots, 
incubated again for 30 min on a rocker at room temperature. Tubes were placed in a magnetic 
separation rack to bind beads and incubated for an additional 5 min at room temperature on the 
rocker. 1 ml of supernatant was removed from each tube, and beads were washed 3 times with 1 ml 
of a phosphate buffered saline (PBS) and 0.05% Tween 20 solution, and then re-suspended in 100 
μl of (PBS) and 0.05% Tween 20 solution. 50 μl of the suspended bead solution was spread onto 
Sorbitol MacConkey agar supplemented with cefexime (0.05 mg/l) and 2.5 mg/l potassium tellurite 
(Sigma-Aldrich, St. Louis, MO) (ctSMAC), and another 50 μl were spread on Rainbow-plus agar 
containing 0.8 g/ml potassium tellurite (Sigma) and 20 g/ml novobiocin (Sigma) and incubated for 
18 h at 37°C. Following incubation, E. coli O157 colonies found on the ctSMAC plates were colorless 
with or without a dark center. Following incubation, E. coli O157 colonies (ctSMAC; colorless with or 
without dark center; Rainbow; dark slightly blue colonies) were removed and screened by a latex 
agglutination assay using an Oxoid E. coli O157:H7 Test Kit (Oxiod; Ogdensburg, NY), if agglutination 
occurred the colony was tested with a control latex reagent to ensure the isolate was not an auto-
agglutinating strain.  
 
Statistical analysis. Bacterial populations were transformed into log CFU/100 cm2 and least squares 
means were calculated using the analysis of variance in the general linear model of SAS Version 8e. 
Data were blocked by plant (A, B or C) and the effects of treatment (spray vs. dry), temperature (hot 
vs. cold), and location (upper vs. lower) on APC, TCC and ECC were analyzed individually and 
interactively. 
 
Findings 

Spray-chilling versus Dry-chilling results. Least squares means (LSM) for APC populations, 
from carcasses sampled at plants A, B and C, immediately after final intervention, just prior 
to chilling, were 3.8, 4.0 and 2.6 log CFU/100 cm2, respectively. Least squares means for 
TCC populations from carcasses sampled immediately following final intervention were 2.4, 



 

2.2 and 2.0 log CFU/100 cm2, respectively. Generic E. coli biotype 1 (ECC) populations on carcasses 
immediately prior to chilling were 2.1, 2.2 and 2.2 log CFU/100 cm2, at plants A, B and C, 
respectively. Post-chilled carcass APC populations at plants A, B and C were 3.8, 3.4 and 2.7 log 
CFU/100 cm2, respectively (Table 2); TCC populations on post-chilled carcasses were 2.4, 2.3 and 
2.1 logs CFU/100 cm2, at Plants A, B and C respectively and ECC populations following chilling were 
2.1, 2.0 and 2.2 log CFU/100 cm2, at Plants A, B and C respectively (Table 2). Indicator organism 
populations recovered during this research were consistent with research conducted by Bacon 
(2000); where carcass sides treated with similar antimicrobial interventions (pre-evisceration 
carcass washing, acid rinse, hot water carcass wash, final intervention lactic rinse) when sampled 
prior to chilling, expressed APC, TCC and ECC populations ranging from 3.8 to 7.1, 1.5 to 3.7 and 1.0 
to 3.0 log CFU/100 cm2, respectively at three different commercial packing facilities. Corresponding 
populations recovered from the same lots of carcasses following a 24 to 36 h chilling period ranged 
from 2.3 to 5.3 log CFU/100 cm2 for APC, 0.9 to 1.3 log CFU/100 cm2 for TCC and 0.9 log CFU/100 
cm2 for ECC. The differences between LSM of APC populations of pre-chilled versus post-chilled 
carcass samples at Plants A, B and C were 0, -0.6 and 0.1 log CFU/100 cm2, respectively; TCC 
population differences between hot and cold carcasses were 0, -0.3 and 0.1 logs CFU/100 cm2, at 
Plants A, B and C respectively and ECC differences between hot and cold carcasses were 0, -0.2 and 
0 logs CFU/100 cm2, at Plants A, B and C respectively (Table 2). The larger reductions in APC, TCC 
and ECC observed at Plants B can be presumably attributed to the fact that initial carcass loads were 
higher, lending to a greater opportunity for population reduction.  
 
At both plants A and B, APC, TCC and ECC populations collected from spray-chilled versus dry-chilled 
beef carcasses were not (P > 0.05) different (Table 4). Several related research projects have yielded 
comparable results (Gill et al., 1997, Greer et al., 1990, James et al., 1989) when comparing spray-
chilling versus dry-chilling. Although one would expect to see differences in bacterial populations with 
the addition of water to warm wet carcasses, surface contamination was unchanged during the 
chilling process and is presumably due to the multiple antimicrobial interventions applied prior to 
chilling. Researchers have reported reductions in bacterial populations due to these antimicrobial 
hurdles on the slaughter floor (Bacon et al., 2000.), and therefore it is feasible that chilling method 
would not have a distinct effect on surface flora populations. The differences between LSM of APC 
populations recovered from hot versus cold dry-chilled carcasses at plants A and B were -0.2 and -
0.9 log CFU/100 cm2, respectively; differences in TCC populations recovered from hot versus cold 
dry-chilled carcasses were 0 and -0.3 log CFU/100 cm2, at Plants A and B respectively and 
differences in ECC populations were -0.1 and -0.2 log CFU/100 cm2, at Plants A and B respectively. 
The differences between LSM of APC populations recovered from hot versus cold spray-chilled 
carcasses at Plants A and B were 0.2 and -0.3 log CFU/100 cm2, respectively; TCC differences 
between hot and cold spray-chilled carcasses were 0 and -0.2 log CFU/100 cm2, at Plants A and B, 
respectively and ECC differences were 0.1 and -0.2 log CFU/100 cm2, at Plants A and B respectively 
(Table 4).  
 
Additionally, carcasses at Plant B experienced a much more rapid rate of surface temperature 
decline (9.3 h), reaching 4o C faster, compared to carcasses chilled in Plant B (11.0 h) and C (21.7 
h) (Table 4). In similar research conducted by Gill (2003), temperature variation was the main 
element involved in the reduction of bacterial contamination during spray-chilling. Cross et al., 
(2004), indicated concern that an extended temperature decline of carcass surfaces allows for the 
proliferation of pathogenic bacterial profiles, increasing the likelihood of illness associated with 
products derived from these carcasses. This difference in bacterial population reduction due to 
chilling; with Plant A having the largest reduction followed by Plant B, then C correlates with 
the differences in surface temperature decline, with carcasses at Plant B reaching 4°C more 
quickly than carcasses at Plant A or Plant C (Table 3).  
 



 

Pre-chilled carcass APC populations recovered from the lower (brisket) region were (P < 0.05) higher 
than those collected from the upper (round and flank) region of the same carcasses at plants A, B 
and C, regardless of treatment group (Table 5). Least squares mean APC populations recovered from 
the upper region versus lower region from all pre-chilled carcasses, regardless of chilling treatment 
group, at plants A, B and C were 3.5 vs. 4.0, 3.6 vs. 4.4 and 2.5 vs. 2.7 log CFU/100 cm2, 
respectively. Recovered coliform populations were similar from both regions (upper versus lower) at 
plants A and C, whereas TCC from the lower region of carcasses at Plant B were higher ( P < 0.05) 
compared to TCC from the upper region (2.4 vs. 2.4, 2.4 vs. 2.8 and 2.2 vs. 2.2 log CFU/100 cm2, at 
plants A, B and C, respectively and ECC populations recovered from the upper region versus lower 
region samples from all pre-chilled carcasses at Plants A, B and C were 2.0 vs. 2.1, 2.2 vs. 2.2 and 
2.0 vs. 2.0 log CFU/100 cm2, respectively. After chilling (~48 h), least squares mean APC 
populations recovered from the upper region versus lower region samples from all post-chilled 
carcasses, regardless of treatment group, at plants A, B and C, were 3.5 vs. 4.0, 3.3 vs. 3.5 and 2.9 
vs. 2.4 logs CFU/100 cm2, respectively. In contrast to hot carcass results, recovered coliform 
populations were greater from the upper region, when compared to the lower region. Total coliform 
counts from the upper region versus lower region samples from all post-chilled carcasses, regardless 
of treatment group, at plants A, B and C were 2.4 vs. 2.3, 2.4 vs. 2.2 and 2.3 vs. 2.1 log CFU/100 
cm2, respectively; ECC populations recovered from the upper region versus lower region, from all pre-
chilled carcasses, regardless of treatment group, at plants A, B and C were 2.3 vs. 2.1, 2.0 vs. 2.0 
and 2.2 vs. 2.0 log CFU/100 cm2, respectively. It can be hypothesized that due to a rinsing effect 
created by interventions on the harvest floor, flora found on the upper region of the carcass surface 
was carried toward the lower region, causing APC populations recovered from the lower region of hot 
carcass samples to be higher than upper region APC populations.  
 
The prevalence of E. coli O157:H7 at plants A and B was not significantly (P > 0.05) effected by 
chilling treatment. Two of the 533 (0.4%) samples collected from pre-chilled carcass groups at plant 
A, 32 of the 507 (0.3%) samples collected from pre-chilled carcass groups at plant B, and 8 of the 
532 (0.2%) samples collected from pre-chilled carcass groups at plant C tested positive for E. coli 
O157:H7. Post-chilling, 0 of 532, 0 of 506, and 20 of 405 (4.9%) samples collected from carcass 
groups at Plants A, B and C, respectively, tested positive for E. coli O157:H7 (Table 6).  
 
Some plants encounter problems with tears in the subcutaneous fat layer when hides are 
mechanically removed. When these carcasses are rinsed or sprayed with antimicrobial interventions 
or during spray-chilling, areas where the fat has been pulled away from the lean can fill with fluid. 
These fluid-filled pockets, which can remain in a liquid form or gelatinize, are subsequently chilled 
with the carcass, and are then sent with trimmings to ground product production. Contamination 
found on carcass surfaces could potentially be rinsed into these pockets, providing yet another 
suitable environment for pathogenic bacterial proliferation. All APC, TCC and ECC populations from 
fluid found in these pockets, collected (N = 40) from chilled carcasses (all from Plant C) were below 
detection limits (<1.99 log CFU/100 cm2). However, 2 of the 40 samples collected tested positive 
for E. coli O157:H7 (0.05%). Previously, Berry et al., (2000), and Samelis et al., (2002) found that 
the effects of acid spray interventions are sufficient to cause major declines in natural competitive 
flora, while allowing for the survival of acid-stressed E. coli O157:H7 during extended cold storage. It 
has been shown (Samelis et al., 2001) that E. coli O157:H7 has the ability to survive for 4 to 7 days 
in lactic acid run off fluid at a 2% concentration. Therefore, it is practical to conclude that if 
contamination on carcass surfaces is subjected to sub-lethal doses of acid treatments, the number 
of bacterial competitors will be reduced, while injured pathogenic microbes are then washed into 
pockets created during hide removal. Therefore, it is imperative that intervention strategies 
ensure elevated levels of microbial death and are not merely acid stressing pathogenic 
bacteria (Samelis et al., 2003). Some plants have implemented best management 
strategies to deal with tears created during hide removal. At Plant B, plastic film was 



 

fastened over fat tears immediately following hide removal and prior to intervention application to 
prevent accumulation of fluid and bacteria in these tears.  
 
Plant sanitation and modifications to hot box good management. Least squares mean APC, TCC and 
ECC populations of pre-chilled carcass samples collected prior to intensive plant-wide sanitation and 
modification to good management procedures (Phase 1) were 2.5, 2.0 and 2.0 logs CFU/100 cm2, 
respectively (Table 7). Post-chilled carcass sample APC, TCC, and ECC populations from Phase 1 
were higher (P < 0.05) than pre-chilled populations recovered from the  same lot of carcasses 
sampled 48 h earlier (2.7, 2.2 and 2.0 logs CFU/100 cm2, respectively). While populations 
recovered from hot carcass sides at Plant C were (P < 0.05) lower than populations recovered from 
Plants A and B (log CFU/100 cm2), similar research reported comparable variance in recovered ACP, 
TCC and ECC populations at three commercial packing facilities (Bacon et al., 2000.) with ranges of 
3.8 to 7.1, 1.5 to 3.7 and 1.0 to 3.0 logs CFU/100 cm2, respectively. After Phase 1 of sample 
collection, plant-wide suspension of operations, intensive sanitation, and adjustments to hot box 
GMP’s, plant operations were resumed and 1-week later Phase 2 of sample collection began. Least 
squares mean APC, TCC and ECC populations recovered from carcasses just prior to chilling during 
Phase 2 were 2.7, 2.3 and 2.0 logs CFU/100 cm2, respectively. Least squares mean APC, TCC and 
ECC populations recovered from carcass samples taken 48 h later, were 2.6, 2.2 and 2.1 logs 
CFU/100 cm2, respectively. Although the APC, TCC and ECC ranges were similar for each phase of 
carcass sampling, the log CFU/cm2 difference between pre-chilled carcass sample, and post-chilled 
carcass sample APC, 0.2 vs. -0.1; TCC, 0.2 vs. -0.1 and ECC, 0 vs. 0.1 for Phase 1 vs. Phase 2, 
respectively. This indicates that although initial bacterial loads were higher during Phase 2, improved 
plant SSOP’s and GMP’s positively influenced carcass bacterial populations. During Phase 1, 0 of the 
266 samples collected from pre-chilled carcasses were positive for E. coli O157:H7, while 8 of the 
139 (5.8%) samples collected from groups of carcasses from the same lots upon exiting the hot 
boxes were positive for E. coli O157:H7. During Phase 2 of sample collection, 8 of the 266 (3.0%) 
samples collected from pre-chilled carcasses entering the hot box tested positive for E. coli 
O157:H7, while 12 of the 266 (4.5%) samples collected from groups of carcasses from the same 
lots upon exiting the hot boxes tested positive for E. coli O157:H7 (Table 6). The rate at which 
temperature of carcass surfaces declined (averaged 21.7 h to 4o C) could influence the prevalence 
of pathogens on chilled carcasses. After plant-wide sanitation and GMP and SSOP modifications, 
chilled carcasses experienced a greater reduction in APC, TCC and ECC populations (Table 7), in 
addition to reducing the prevalence of E. coli O157:H7 on chilled carcasses (1.3%), changes made to 
hot box GMP’s and SSOP’s had a positive impact on the levels of indicator bacteria and prevalence 
of E. coli O157:H7 found on chilled carcasses and reinforces the necessity of proper hot box GMP’s 
and SSOP’s. 
 
Implications 
 
Due to the effectiveness of current slaughter floor intervention technologies, chilling method (spray-
chilling versus dry-chilling) as indicated by this research does not positively, or negatively influence 
indicator organism levels on carcass surfaces, however, when carcasses are chilled expediently (< 
4°C in roughly 12 h), prevalence of E. coli O157:H7 is reduced. In addition to proper chilling SOP’s, 
modifications to hot box GMP’s and SSOP’s can provide small, yet beneficial improvements to 
carcass sanitation. It is also apparent that there is a “rinsing” effect that occurs during carcass 
spray-washing/rinsing, and pockets created during mechanical hide removal should be addressed as 
a potential accumulation site for acid tolerant pathogenic bacteria and that because of this potential 
for accumulation, selected interventions should provide lethality rather than sub-lethal injury 
to bacteria. Further investigation into surface temperature decline and “mapping” of 
bacteria in relation to temperature decline may lead to improvements in carcass chilling 



 

technology and contribute to further reductions in surface bacterial loads found on beef carcass 
surfaces. 
 
 
Table 1. Intervention strategies implemented at each plant before carcass chilling. 

 
 
 
 
Table 2. Least squares means (LSM), standard error (SE) and changes (Δ) observed in Aerobic Plate Counts 
(APC), Total Coliform Counts (TCC) and E. coli Biotype 1 Counts (ECC) (log CFU/100 cm2) recovered from 
carcasses sampled at three packing facilities before (Hot) and after chilling (Cold). 

 
 
 
Table 3. Mean (x), minimum, maximum, mean temperatures (°C), time for carcass surface to reach 4°C (T), 
range at each plant and average time (h) of chill (H). 

 
 



 

Table 4. Least squares means (LSM), standard error (SE) and change during chilling (Δ) observed Aerobic Plate 
Counts (APC), Total Coliform Counts (TCC) and E. coli Biotype 1 Counts (ECC) (log CFU/100 cm2) recovered from 
carcasses before (Hot) and after (Cold) either Spray-chilling or Dry-chilling. 

 

Table 5. Least squares means (LSM), standard error (SE) observed for Aerobic Plate Counts (APC), Total Coliform 
Counts (TCC) and E. coli Biotype 1 Counts (ECC) (log CFU/100 cm2) recovered from carcasses at three packing 
facilities where samples collected before (Hot) and after chilling (Cold) partitioned by carcass location. 

 
 

Table 6. Prevalence of E. coli O157:H7 recovered from groups of carcasses sampled before chilling and following 
either spray-chilling or dry-chilling at 3 commercial packing facilities. 

 

 

 



 

Table 7. Least squares means (LSM), standard error (SE) and changes (Δ) observed for Aerobic Plate Counts (APC), 
Total Coliform Counts (TCC) and E. coli Biotype 1 Counts (ECC) (log CFU/100 cm2) recovered from carcasses at Plant 
C before (Hot) and after chilling (Cold). Phase 1 carcasses were sampled before a plant-wide intensive sanitation, 
Phase 2 samples were collected after sanitation and plant operations had resumed. 

 


