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Background 

ACS plus organic acids have been reported to disable proton pumps in bacterial membranes and 
thus act as metabolic inhibitors. EPL on the other hand is adsorbed into the cell surface of 
microorganisms as a result of its cationic properties and strips the outer membrane and distributes 
the cytoplasm. LAE in comparison prevents bacterial growth by altering the cell membrane structure 
of microorganisms (35). Thus, sequential application of two of these decontamination agents in 
combination might result in greater pathogen reductions than any single application of these agents 
on beef carcass surfaces due to their different modes of action. 

The stated objectives for this work were:  

1)  Determine the effects of sequential application of ε-Polylysine (EPL) or Lauric Arginate Ester (LAE) 
spray followed by an Acidic Calcium Sulfate (ACS) spray as a multi-hurdle intervention for reducing 
Escherichia coli O157:H7 (EC) and Salmonella Typhimurium (ST) on the inoculated surface of beef 
rounds.  

2)  Determine the effects of sequential application of an EPL or LAE spray followed by an ACS spray 
for reducing EC and ST on the inoculated surface of beef rounds stored for up to 6 days under 
refrigeration. 

3)  Determine if sequential application of an EPL or LAE spray followed by an ACS spray were 
effective for reducing EC and ST on the inoculated surface of beef rounds and in ground beef 
manufactured from the treated rounds and held refrigerated for up to 4 days. 

Methodology 

Bacterial cultures and inoculum preparation.  Rifampicin-resistant mutants of Salmonella 
Typhimurium and Escherichia coli O157:H7 ATCC 43895 were obtained from Dr. Alejandro Castillo 
(Texas A&M University, College Station, Tex.). Each mutant was maintained on TSA at 4°C. The 
cultures were transferred in tryptic soy broth (TSB; Bacto, Becton Dickinson, Sparks, Md.) on three 
consecutive days at 37°C before use in the experiments. Rifampicin-resistance was confirmed by 
streaking the cultures onto LSPR plates and incubating at 37°C. On the night before each 
experiment day, fecal samples were collected at the Texas A&M Beef Center from randomly selected 
cattle after defecation and transported to the laboratory. The fecal samples were kneaded by hand in 
a stomacher bag for 1 min and then 10 g portions transferred into individual stomacher bags and 
stored at 4°C until the next day. Eighteen-hour cultures of rifampicin-resistant ST and EC (5 ml each) 
were transferred into stomacher bags and hand-kneaded for 1 min to prepare the fecal 
inoculum. A fecal sample without the marked pathogens was used to confirm that no 
rifampicin-resistant organisms were present among the background flora of the fecal 
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samples by plating onto LSPR agar. Inoculums were used within 3 h after preparation and kept at 
room temperature during the experiments.   
 
Sample collection and inoculation.  A 10 x 15 cm2 area on the hide surface of a beef round was 
outlined with metal pins and inoculated with equal amounts of fecal inoculums (≈ 7 g) prepared as 
described previously (Figure 5). Following inoculation, the samples were subjected to the appropriate 
pathogen intervention treatment. 
 
For the ground beef experiment, the entire outer surface of a beef round was inoculated with equal 
amounts of fecal inoculums (≈ 12 g) and allowed to stand for 10 min for bacterial attachment (Figure 
6). Following inoculation, the samples were then subjected to appropriate pathogen intervention 
treatments. 
 
Application of intervention treatments.  Beef rounds were placed in a stainless steel custom-built 
isolation spray cabinet (Figure 7; CHAD Corporation, Olathe, Kans.) and intervention treatment 
solutions applied singly.   
 
Sequential spray application of interventions to the beef round surface.  Following treatment 
application, the outlined area on the round surface was aseptically removed and cut into 3 equal 
pieces (50 cm2 each) using a sterile scalpel and forceps (Figure 10). Individual samples were excised 
2-3 mm deep, randomly transferred into stomacher bags and held for 0, 3 or 6 days at 4.4°C (Figure 
11).   
 
Sequential spray application of EPL or LAE and ACS for ground beef.  EPL (300 mg/liter) or LAE (200 
mg/liter) followed sequentially by 30 % ACS were applied to prerigor beef rounds inoculated with 
rifampicin-resistant ST and EC. Each sample was passed through a hand grinder two times and hand 
kneaded using sterile technique for 1 min between the first and the second grind to obtain a 
homogeneous distribution of the pathogens in the ground beef. Ground samples (300 – 400 g each) 
were then divided into 3 groups and randomly placed on white styrofoam meat trays, over-wrapped 
with Reynolds® Foodservice film and held for 0, 2 and 4 days storage at 4.4°C.  
 
Sampling and microbiological analysis for the surface of beef rounds.  Sterile buffered peptone 
water (100 ml) (BPW; Difco, Becton Dickson, Sparks, Md.) was used for pathogen recovery on each 
storage day (0, 3, 6). To facilitate recovery, stomacher bags containing an excised beef sample and 
BPW were pummeled for 1 min in a Stomacher 400. Numbers of rifampicin-resistant ST and EC were 
simultaneously enumerated from these samples by preparing dilutions of the homogenate with 
sterile 
 
Sampling and microbiological analysis of ground beef.  Two separate 25 g samples were collected 
randomly from each tray for microbiological analysis on each storage day. The samples were then 
transferred into individual stomacher bags, 225 ml of sterile BPW was added and the bags were 
pummeled for 1 min in a Stomacher 400. Numbers of rifampicin-resistant ST and EC were 
simultaneously enumerated from these samples by preparing dilutions of the homogenate with 
sterile BPW and plating the appropriate 10-fold dilutions onto prepoured and dried LSPR agar plates. 
The plates were then incubated at 37°C for 24 h, enumerated and the results were reported log10 
CFU/g of rifampicin-resistant ST and EC.          
 
L*a*b* color space value.  Three random readings were taken outside the inoculated area 
on each round surface before and after decontamination. Positive L* values indicate the 
degree of lightness while negative L* values indicate darkness. Positive a* values quantify 
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the degree of redness whereas negative values indicate greenness. Positive b* values indicate 
yellowness while negative values indicate blueness. 
 
Findings 

Both warm (55°C) ε-polylysine (EPL) or lauric arginate ester (LAE) applied sequentially as a spray and 
followed by acidic calcium sulfate (ACS) to inoculated beef rounds reduced Salmonella Typhimurium 
(ST) and E. coli O157:H7 (EC) counts over 0, 3 and 6 days of storage at 4.4°C by 2.3 to 4.5 log 
CFU/cm2 and 2.3 to 4.3 log CFU/cm2, respectively. A spray application of EPL300-ACS30 resulted in 
an even greater reduction after 6 days of storage for both ST and EC. EPL or LAE applied as a spray 
and followed by ACS were applied to inoculated beef rounds that were stored 2 days (4.4°C) prior to 
grinding. Ground beef manufactured from these rounds had lower ST and EC counts after 0, 2 and 4 
days of storage at 4.4°C. These counts averaged from 1.6 to 2.4 log CFU/g for ST and 1.6 to 2.0 log 
CFU/g for EC. Overall, these results confirmed that sequential, multi-hurdle interventions were 
effective for reducing ST and EC on beef round surfaces as well as in ground beef produced from the 
treated beef rounds. 
 
Implications 
 
Overall, these results confirmed that sequential, multi-hurdle interventions were effective for 
reducing ST and EC on beef round surfaces as well as in ground beef produced from the treated beef 
rounds. 
 
 
 
Table 1. Salmonella Typhimurium counts on the surface of beef rounds sprayed with distilled water, EPL 300 
mg/liter followed by ACS 30% solution or LAE 200 mg/liter followed by ACS 30% solution at 55°C and stored at 
4.4°C for up to 6 days. 
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Table 2. Escherichia coli O157:H7 counts on the surface of beef rounds sprayed with distilled water, EPL 300 
mg/liter followed by ACS 30% solution or LAE 200 mg/liter followed by ACS 30% solution at 55°C and stored at 
4.4°C for up to 6 days. 

 
 

 

Table 3. L*a*b* color values of beef rounds before and after treatment with distilled water, EPL 300 mg/L 
followed by ACS 30% solution or AEG 200 mg/L followed by ACS 30% solution at 55°C for 20s. 
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Table 4. Salmonella Typhimurium counts of ground beef manufactured from beef rounds treated with EPL 300 
mg/L followed by ACS 30% solution or LAE 200 mg/L followed by ACS 30% solution at 55°C and stored at 
4.4°C for 0, 2, and 4 days. 

 
 

 

 

Table 5. Escherichia coli O157:H7 counts of ground beef manufactured from beef rounds treated with EPL 300 
mg/L followed by ACS 30% solution or LAE 200 mg/L followed by ACS 30% solution at 55°C and stored at 
4.4°C for 0, 2, and 4 days. 
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Figure 1. Salmonella Typhimurium reductions on the surface of beef rounds sprayed with distilled water, EPL 
300-ACS30 or LAE200-ACS30 at 55°C and stored at 4.4°C for up to 6 days. Within each intervention, means 
with different capital letters are significantly different (p < 0.05). EPL300-ACS30, EPL 300 mg/liter followed by 
ACS 30% solution with a 40 s time interval; LAE200-ACS30, LAE 200 mg/liter followed by ACS 30% solution 
with a 40 s time interval; day 0, day 3 and day 6, storage days at 4.4°C. 

 

 
Figure 2. Escherichia coli O157:H7 reductions on the surface of beef rounds sprayed with distilled water, 
EPL300-ACS30 or LAE200-ACS30 at 55°C and stored at 4.4°C for up to 6 days. Within each intervention, 
means with different capital letters are significantly different (p < 0.05). EPL300-ACS30, EPL300 
mg/liter followed by ACS 30% solution with a 40 s time interval; LAE200-ACS30, LAE 200 mg/liter 
followed by ACS 30% solution with a 40 s time interval; day 0, day 3 and day 6, storage days at 4.4°C. 
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Figure 3. Salmonella Typhimurium reduction of ground beef manufactured from beef rounds treated with 
EPL300-ACS30 or LAE200-ACS30 at 55°C and stored at 4.4°C for 0, 2 and 4 days. Within each intervention, 
means with different capital letters are significantly different (p < 0.05). EPL300-ACS30, EPL300 mg/liter 
followed by ACS 30% solution with a 40 s time interval; LAE200-ACS30, LAE 200 mg/liter followed by ACS 30% 
solution with a 40 s time interval; day 0, day 2 and day 4, storage days at 4.4°C. 

 
Figure 4. Escherichia coli O157:H7 reduction of ground beef manufactured from beef rounds treated with 
EPL300-ACS30 or LAE200-ACS30 at 55°C and stored at 4.4°C for 0, 2 and 4 days. Within each 
intervention, means with different capital letters are significantly different (p < 0.05). EPL300-ACS30, 
EPL 300 mg/liter followed by ACS 30% solution with a 40 s time interval; LAE200-ACS30, LAE 200 
mg/liter followed by ACS 30% solution with a 40 s time interval; day 0, day 2 and day 4, storage days 
at 4.4 °C 
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Figure 5. Inoculation of a 10 x 15 cm2 area on the surface of a beef round with equal amounts of fecal 
inoculums (=7 g) of rifampicin-resistant Salmonella Typhimurium and Escherichia coli O157:H7 

 

 
Figure 6. Inoculation of the entire surface of a beef round (=15 x 25 cm2) with equal amounts of fecal 
inoculums (=12 g) of rifampicin-resistant Salmonella Typhimurium and Escherichia coli O157:H7 
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Figure 7. A custom built isolation spray cabinet designed by chad corporation, showing containment chamber, 
three stainless steel reservoirs for application of treatments, white plastic receptacle for application of cleaning 
solutions, and pressure gauges 

 
 

 
Figure 8. Placing an inoculated beef round into the stainless steel custom-built isolation spray cabinet 
for spray treatments 
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Figure 9. Placing an inoculated beef round into the stainless steel custom-built isolation spray cabinet for 
application of spray treatments and subsequent manufacture into ground beef 

 

 
Figure 10. Exposed surface of a spray treated beef round after aseptic removal on the inoculated area. The 
inoculated specimen was then cut into 3 equal pieces (50 cm2 each) using a sterile scalpel and forceps and 
stored 0, 3 and 6 days at 4.4°C 
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Figure 11. Individual beef round samples (50 cm2) that were excised to a depth of 2-3 mm, randomly assigned 
to individual stomacher bags and held for 0, 3 or 6 days at 4.4°C 

 
 
 
 


