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Background 

Since 1986, ground beef manufacturers, retailers, food service and consumers have had to deal 
with the risk of E. coli O157:H7 in their ground beef. The USDA and the ground beef industry have 
spent several years and millions of dollars working to combat this issue through the development of 
antimicrobial intervention strategies, the introduction of HACCP systems, and consumer education 
programs. Most of these risk reduction efforts have been aimed at the beef manufacturing plants, 
particularly slaughter level carcass decontamination systems, with a good degree of success. 
However, to best ensure the microbial safety of retail ready ground beef, sequential intervention 
technologies (hurdles) throughout the production chain need to be developed and implemented. 
While cooking beef to 160 °F will eliminate the hazard of E. coli O157:H7 from the product, it does 
not eliminate the problems associated with cross-contamination that often occur in consumers’ 
kitchens or food service operations.  
 
Commercial ground beef is produced by mixing pieces of beef trimmings from larger beef cuts 
(subprimals) during fabrication processes and grinding fat and lean component streams into 
coarsely or finely ground wholesale products. The percent fat for each grind is obtained by mixing the 
proper combination of lean muscle meat with fat from trimmings. Thus, a production load of ground 
beef can contain meat from many different cuts of beef from varying sources and of differing quality. 
The manufacture of this product in centralized beef processing facilities ensures production under 
strict standards of hygiene and quality control. The retail butcher’s shop faces many challenges in 
today’s marketplace. They have the pressures of increased competition, a shortage of skilled meat 
cutters and the risk associated with selling ground beef that may harbor E. coli O157:H7. At the retail 
store (butcher shop) level, the production of ground beef allows minimization of economic (yield) 
losses associated with trimming steaks and roasts. These table trimmings are generally mixed with 
coarse ground chubs for final grinding, followed by retail case display for 1-2 days. Until now, there 
has been no antimicrobial intervention strategy available to the retail meat grinder that would allow 
him to minimize his risk of selling contaminated beef. This void in retail-level technology puts the 
entire beef production complex at risk of USDA action, recalls, negative publicity, and litigation in the 
event contamination occurs, especially if it affects public health. By placing a validated intervention 
technology at this final ground beef production stage, where contamination with enteric pathogens 
would be expected to be infrequent and at very low levels, a significant hurdle would be in place to 
further reduce the likelihood that pathogen contaminated ground beef would reach the consumer.  
 
The Grovac™ Intervention System is a simple and inexpensive method designed to lower bacterial 
levels on ground beef while extending the shelf life of the product. The Grovac™ system is 
designed to be used in a batch process and is adaptable to small volume situations often 
encountered in retail butcher shop operations. It involves treating the beef trimmings in a 
mixture of citric acid and a hypotonic salt solution while tumbling under vacuum. The citric 



 

acid lowers the pH on the outside of the beef to a level where the bacteria can no longer survive and 
acts as an antioxidant in the final product, delaying the conversion of oxymyoglobin to metmyoglobin, 
which stabilizes the bright red color for a longer period of time.  
 
The Grovac™ system has been commercially tested and is now in use in fresh seafood and poultry 
processing facilities. At Kansas State University, this system was evaluated against meat-borne 
pathogens inoculated onto beef trimmings with encouraging results. Reductions on acid-adapted 
pathogens were slightly less than 1 Log CFU/g and total aerobic bacterial reductions were 1.7 Log 
CFU/g (Touvet, 2002). Since these studies, in-house studies at Costco Wholesale have led to an 
adjustment (optimization) in processing parameters of the beef trimmings in the GrovacTM system. 
In these Costco studies, generic microbial reductions have remained good and the shelf-life stability 
(color) of retail ground beef has been enhanced.  
 
The stated objectives for this work were to evaluate (1) the efficacy of the optimized GrovacTM 
system against Salmonella spp. and E. coli O157:H7 in laboratory-based inoculation studies, and (2) 
quantify the shelf-life effects of the Grovac™ system in a retail production and display study at a 
Costco Wholesale warehouse. 
 
Methodology 

Study 1. Salmonella and E. coli O157:H7 Inoculation Study  
 
Preparation of Cultures  
Five strains each of Salmonella spp. and E. coli O157:H7 contained in the Kansas State University 
culture collection were activated from frozen storage and grown overnight in Tryptic soy broth (10 ml; 
TSB). Each culture was confirmed biochemically (API 20E, BioMerieux, St. Louis, MO) and 
serologically prior to use. A second transfer was made to fresh TSB (100 ml) and grown at 37°C for 
24 h. Cultures were centrifuged at 15,300 x g at 4°C to concentrate the cells. After decanting the 
TSB, cell pellets were reconstituted in 0.1% peptone water (50 ml). All five strains of each pathogen 
were mixed in a single sterile spray bottle (250 ml total inoculum solution volume) for use in meat 
inoculation. The target inoculation solution concentration was log 7 CFU/ml. One ml of the mixed 
inoculum cocktail was serially diluted and plated onto selective agar [MacConkey Sorbitol Agar (MSA) 
and Xylose Lysine Desoxycholate Agar (XLD) agars for E. coli O157:H7 and Salmonella spp., 
respectively] to quantify exact inoculum concentration prior to meat inoculation.  
 
Inoculation of Beef Trimmings  
Beef trimmings (approximately 50 lbs or 23,000g) were obtained from a nearby Costco Wholesale 
location (Kansas City, MO). Trimmings were generated from store operations the previous day, stored 
at < 0°C, and delivered by 10 a.m. the next morning to the KSU Food Microbiology Laboratory by 
courier for use in the study. Approximately 500 g of trimmings were randomly selected, chopped in a 
sterile food processor, and duplicate 100 g sub samples were placed into stomacher bags with 200 
ml 0.1% peptone water. These sub samples were homogenized for 2 min and plated using APC and 
ECC Petrifilm to establish native microbiological quality of the Costco beef trimmings. For inoculation, 
beef trimmings (8500 g) were placed onto white butcher’s paper in a manner where pieces were not 
touching, and then placed inside a sealed Plexiglas inoculation chamber. The mixed inoculum was 
sprayed through a hole in the chamber onto the exposed surfaces of the beef trimmings. After 
allowing the inoculated beef to sit inside the inoculation chamber for 5 min., the chamber was 
opened and the beef trimmings were turned to expose the side that originally faced down 
upon the paper. The chamber was resealed and the alternate side of the trimmings was 
inoculated as described above. After both sides of the trimmings were inoculated, they were 
placed inside a sterile plastic bag and hand mixed to uniformly distribute the surface 
inoculum. The bag was held at 10°C for 30 min. to allow microbial attachment.  



 

Approximately 500 g of trimmings were randomly selected from the bag after 30 min of chilled 
storage, chopped in a sterile food processor, and duplicate 100 g sub samples were placed into 
stomacher bags with 200 ml 0.1% peptone water. These sub samples were homogenized for 2 min, 
serially diluted, and plated onto selective media to establish pathogen inoculation levels (log CFU/g). 
A beef trimming inoculation level of log 5 CFU/g was targeted. The remainder of the inoculated 
trimmings (approximately 8,000 g) was subjected to specified treatments.  
 
Application of the GrovacTM Decontamination Process and Product Analysis  
The GrovacTM decontamination process parameters consists of 2 min. of tumbling of 3700 g (ca. 8 
lb) under 25 inches of Hg in a 2.27% citric acid/ 0.45% sodium chloride solution. A water only 
treatment application served as the “process control”. The GrovacTM and water only process 
occurred in a Biosafety Level-2 food processing laboratory set at 10 °C and the solution temperature 
was ambient. Each test batch of inoculated trimmings was treated in the above manner, removed 
from the GrovacTM chamber, and allowed to drain for 1 hour. Half of the GrovacTM-treated beef 
trimmings were placed into 2 °C storage in a plastic container overnight [approximately 18 h; 
overnight sample (OS)], while the other half was analyzed immediately after the 1 h of draining [1 h 
sample (1H)]. The OS sample container had holes in the bottom to allow for drainage of residual 
moisture overnight. Five hundred grams of 1H sample and OS sample trimmings were aseptically 
removed, placed into a sterile food processor, and chopped to provide homogeneous samples. From 
each sample, duplicate 100 g sub samples were drawn, placed into stomacher bags with 200 ml 
0.1% peptone water diluent, stomached for 2 min, and serial dilutions plated onto selective agar to 
enumerate the residual pathogen populations. The average counts from these duplicates were 
calculated (log CFU/g) and the overall pathogen reductions due to the treatments were calculated as 
follows:  Log CFU/g reduction = Log CFU/g non-treated control - Log CFU/g treatment (water only or 
GrovacTM). 
  
After preparation of each batch of GrovacTM solution (citric acid/sodium chloride), the solution pH 
and temperature were recorded. Immediately after the beef trimmings were removed from the 
GrovacTM solution, a second pH reading of the solution was taken. Additionally, the pH of each 
chopped meat sample was recorded. Three replications of each treatment were performed to allow 
for statistical analysis of data. Each replication consisted of a new batch of beef trimmings from 
Costco Wholesale and new pathogen cultures.  
 
Study 2. Commercial Shelf-Life Study  
 
This shelf-life study was conducted at the corporate headquarters of Costco Wholesale in Issaquah, 
WA. All GrovacTM treated trimmings were ground in the meat department of the Issaquah Costco 
warehouse and the non-treated control beef was ground in the Seattle, WA Costco warehouse 
according to the standard operating procedures and display protocols utilized by Costco Wholesale. 
The quality effects of the GrovacTM process were measured against the standard retail ground beef 
process and included generic microbiological, pH, instrumental color, yield (moisture), and fat.  
 
Costco Ground Beef Manufacturing Process  
Costco produces ground beef in each of its warehouses by combining bench trimmings from its in-
house meat departments with a 9% fat coarse grind from its Tracy, CA wholesale grinding facility and 
frozen bull meat trimmings imported from Australia and New Zealand. These raw ingredients are 
mixed in approximately a 1:1:1 ratio to achieve a final fat concentration of 9-13% fat with a target of 
12%. These components are ground through a 1/8-inch plate and displayed and sold in 6 lb 
units in Styrofoam trays (with absorbent diapers) over-wrapped with PVC film. For this study, 
bench trimmings were collected and homogenized from the day prior to the test product 
production during normal business activities. Coarse ground chub meat and bull meat 



 

trimmings we pulled from common lots to produce the final retail ground product from each 
GrovacTM treatment.  
 
Four luggers of bench trimmings (approximately 250 lbs) were collected during retail production of 
center of the plate cuts and set aside for use in this trial. The 4 luggers of retail trim were mixed 
together to homogenize them and then divided into two sets of two luggers each. One set of two 
luggers was placed into the cooler to use the next day. The other two luggers were treated with the 
GrovacTM system. Approximately 200g of non-treated trim was collected for a microbiological control 
sample. Each of the two luggers (approximately 50-60 lbs) of trim, was treated with the GrovacTM 
process (18H samples) described earlier and allowed to drain at 36-38 oF overnight.  
 
The following morning, the other two luggers were treated (1H samples). These luggers of trim were 
drained for 1 hour after GrovacTM treatment prior to retail grinding. The 18-hour drain luggers were 
removed from the cooler, and an aseptic sample was collected prior to adding the trim to the primary 
mixer/grinder. Equal portions of frozen bull meat and coarse grind were added to the mixer/grinder 
and mixed for two minutes. Aseptic samples from each of the course grind and bull meat samples 
were also collected. The well-mixed meat was pumped over to the finish grinder and mixed again for 
two minutes. About one lugger full of meat was ground and then one pound of meat was tested for 
fat percentage utilizing an O’Haus (Model # MB200) moisture meter. The fat percentage of the meat 
was adjusted accordingly utilizing either bull meat or treated trim as required. The finished ground 
beef was packaged in 6 lb retail packages per Costco Meat Dept. SOPs. This same procedure was 
followed for the 1 hour drain trim after the appropriate time has passed.  
 
Twenty-eight packages from each GrovacTM treatment type were collected, brought back to the 
corporate Costco Quality Assurance Laboratory and stored in a coffin cooler at 36-38oF. Twenty-eight 
packages of retail ground beef from the Seattle location that does not have the GrovacTM system 
was brought in to use as a process control. The display cooler used was a Hussman Model #M1HCO-
8E U (Bridgeton, MO), which is typical of that used in the Costco warehouses. It was set up with 
lighting to mimic a retail situation utilizing incandescent light bulbs and a light intensity of 150 ft 
candles at the surface of the ground beef.  
 
All control samples (untreated trim, coarse grind from Tracy, bull meat, 18H trim and 1H trim) as well 
as 2 packages of each type of grind (Non-Treated, 18H and 1H) were tested for Aerobic Plate Count 
(APC), Coliforms, and E. coli. A 1:10 dilution of each sample was performed by weighing 11gms into 
a 99 ml Butterfield’s Dilution blank (BioPro, Bothell, WA) and then serial dilutions were plated onto 
the appropriate Petrifilm plates (3M, Minneapolis, MN). These were incubated aerobically at 35-
37oC for 24 hours.  
 
Daily for four days (Day 0 through Day 3), two packages of each type of grind (1 hour, 18 hour and 
Non-Treated) were removed from the cooler and sampled for APC, Coliforms, and E. coli using the 
method stated above. These same two packages were also tested for color using the Minolta 308d 
handheld spectrophotometer (Osaka, Japan).  
 
Each package was tested for Hunter LAB color on the interior and the exterior of the meat. The 
spectrophotometer was set to use A as the light source with a 10o observer angle. Illuminant A is an 
incandescent light source with a correlated color temperature of 2856K and was used because retail 
ground beef is displayed under incandescent lights. The 10o observer angle allows the field of vision 
to be larger to help overcome the variability in the meat and allow a more representative 
sample. In order to overcome the natural variation of the meat, the package was divided into 
four quadrants. In each quadrant, a total of 5 readings were measured and averaged for the 
exterior and interior samples respectively.  



 

The data from these measurements were entered into a Microsoft Excel (Redmond, WA) spreadsheet 
and the hue angle and the saturation index were calculated. The hue angle is calculated as follows:  
 

Hue Angle = 1/ Tan (B/A) 
 
The hue angle indicates how much red is present in the sample and the saturation index indicates 
how intense the red is. The saturation index is calculated in the following equation:  
 

Saturation Index = √ A2+B2 
 
 

Findings 

Study 1. Grovac™ Inoculation Study  
 
The retail beef industry has very few options available to choose from in the way of intervention 
strategies. Over the past ten years, retailers have vigorously pursued consumer education and 
outsourcing of ground beef production as methods to reduce the risk of E. coli O157:H7 
contamination in beef. The GrovacTM system may be a viable method for retailers to use in in-house 
beef grinding operations. In order to validate the efficacy of this microbial intervention method, beef 
trim was inoculated with both Salmonella spp. and E. coli O157:H7 and then treated with the 
Grovac™ system. A water only treatment was run as control in order to provide a process control.  
 
In all four replicate batches inoculated with Salmonella, a reduction in bacterial loads was seen with 
both the water treatment and the Grovac™ treatment. The samples that were taken from both 
treatments showed an increase in bacterial reductions when allowed to drain overnight. In fact, in 
most cases, the amount of bacterial reduction almost doubled. When comparing the Grovac™ 
treatment to the water only treatment, there was no difference in average recovered populations 
after 1 h drain. However the Grovac™ treatment had a slightly higher bacterial reduction than the 
water only treatment after an overnight drain. Total reduction of Salmonella spp. ranged from 0.3 to 
0.7 for the water only and 0.4 to 0.9 logs for the Grovac™ after the 1 h and overnight drain, 
respectively.  
 
A total of 5 replicates were run on E. coli O157:H7 inoculated beef trimmings. In the first replicate, 
no bacterial reductions were seen for either the water treatment or the Grovac™ treatment. All four 
of the other replicates had bacterial reductions. For this reason, the first replicate was not 
considered in the analysis. As previously shown with the Salmonella inoculated beef, the Grovac™ 
treatment showed slightly higher bacterial reductions when compared to the water treatment only 
after the overnight drain. Total reductions of E. coli O157:H7 ranged 0.4 to 0.8 logs for the water 
only and 0.4 to 1.1 logs for the Grovac™ after the 1 h and overnight drain, respectively.  
 
Study 2. Shelf-Life Analysis  
 
Generic microbiological analysis showed that the Grovac™ treated ground beef had lower aerobic 
plate counts and E. coli counts than the non-treated ground beef over the three-day test.  
Fat, moisture, and pH analysis was similar for the non-treated and the 1 hour drain and 18 hour 
drain treated ground beef samples. Sensory analysis showed no difference between the Grovac™ 
treated product and the non-treated product. 
 
 
 



 

 
Implications 
 
Some of these numbers may not seem like huge bacterial reductions, but the reality of the microbial 
quality of beef in the retail market must be kept in mind. When a subprimal cut reaches the retail 
market, it has most likely already gone through at least one if not multiple microbial intervention 
processes. The actual bacterial load on that piece of meat is already quite low. The chance on that 
beef of having 5 logs of a pathogenic organism is negligible. It is considered that a one log reduction 
in bacteria accounts for removing 90% of the initial bacteria level. Therefore, in case of a piece of 
beef containing an initial level of 100 CFU or less for E. coli O157:H7, after treatment with an 
intervention process like the Grovac™ system, theoretically will result in only 10 CFU or less remain. 
The Grovac™ system is an appropriate microbial intervention to be used at this level of the food 
chain, adding yet another hurdle to the multiple hurdles already in place in the production of beef. 
 
 
Table 1. Salmonella spp. Inoculation of beef trimmings. 

 Average Recovery Average Reduction 
 XLD XLDD XLD XLDD 
Control 5.7 5.8   
Water Only – 1 hr Drain 5.4 5.4 0.3 0.4 
Water Only – Overnight Drain 5.0 5.2 0.7 0.6 
Grovac TM – 1 Hr Drain 5.2 5.4 0.5 0.4 
Grovac TM – Overnight Drain 4.7 5.0 1.0 0.8 

 
 
 
Table 2. E. coli Inoculation of beef trimmings. 

 Average Recovery Average Reduction 
 MSA PRSA MSA PRSA 
Control 5.9 6.4   
Water Only – 1 hr Drain 5.4 5.6 0.5 0.8 
Water Only – Overnight Drain 5.3 5.5 0.6 0.9 
Grovac TM – 1 Hr Drain 5.4 5.5 0.5 0.9 
Grovac TM – Overnight Drain 5.0 5.2 0.9 1.2 

 
 
 
Table 3. Average saturation index for non-treated ground beef and GrovacTM treated ground beef over time. 

  Non-Treated 1-hour Drain 18-hour Drain 
Exterior Day 0 3.2 3.0 2.8 
 Day 1 3.2 2.8 2.6 
 Day 2 3.1 2.7 2.5 
 Day 3 2.9 2.6 2.4 
     
Interior Day 0 3.2 3.0 2.8 
 Day 1 2.3 2.7 2.6 
 Day 2 2.9 2.1 2.3 
 Day 3 3.1 1.7  

 
 
 
 
 



 

Table 4. Hue angle of non-treated and GrovacTM treated beef over time, 
 Day 0 Day 1 Day 2 Day 3 
Non-treated 12,600 17,000 436,000 616,000 
 9,000 25,000 531,000  
     
1-hour Drain 2,930 2,500 410 250 
 1,350 3,800 360 790 
     
18-hour Drain 900 390 2,000 5,900 
 470 350 3,000 10,200 

 
 
Table 5. Aerobic plate count of GrovacTM treated and non-treated ground beef over time (cfu/g), 

 Day 0 Day 1 Day 2 Day 3 
Non-treated 80 50 1,000` 3,300 
 60 90 2,000 1,600 
     
1-hour Drain <10 <10 <10 <10 
 <10 <10 <10 <10 
     
18-hour Drain <10 <10 <10 <10 
 <10 <10 <10 <10 

 
 
Table 6. Coliform count of GrovacTM treated and non-treated ground beef over time (cfu/g), 

 Day 0 Day 1 Day 2 Day 3 
Non-treated <10 <10 <10 <10 
 <10 <10 <10 <10 
     
1-hour Drain <10 <10 <10 <10 
 <10 <10 <10 <10 
     
18-hour Drain <10 <10 <10 <10 
 <10 <10 <10 <10 

 
 
Table 7. E. coli count of GrovacTM treated and non-treated ground beef over time (cfu/g), 

 Day 0 Day 1 Day 2 Day 3 
Non-treated 23,000 22,000 124,000 135,000 
 11,000 16,000 16,000 190,000 
     
1-hour Drain 3,900 4,500 2,300 530 
 430 3,000 440 3,500 
     
18-hour Drain 1,900 630 590 3,900 
 180 450 32,00 500 

 
 
 
 
 
 
 



 

Table 8. In-package purge over time. 
In-package purge % Not treated 1-hour Drain 18-hour Drain 
Day 2 4.87 3.19 0.68 
Day 3 0.61 3.55 3.03 
Day 4 1.79 4.89 3.41 
Total 7.27 11.63 7.13 

 
 
Table 9. Chemical attributes of product. 

Chemical Attributes Not treated 1-hour Drain 18-hour Drain 
pH 5.85 5.32 5.30 
Fat % 11.50 9.80 12.50 
Moisture % 68.40 69.70 67.50 

 
 

 
Figure 1. Average reductions for Salmonella spp. 
 
 

 
Figure 2. Average reductions for E. coli O157:H7. 


