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Introduction 

Escherichia coli O157:H7, a pathogenic strain of E. coli that cause foodborne 
illness remains a challenge for the beef industry. Cattle have been implicated as the 
principal reservoir of this pathogen (Zhao et al., 1999) and about 50% of the reported 
outbreaks in the United States have been associated with consumption of undercooked 
beef burgers (Meng and Doyle, 1998). 

In an attempt to minimize the impact of this pathogen on consumer health, the 
United States Department of Agriculture, and Food Drug Administration (FDA) have 
recommended that patties be cooked to a minimum internal temperature of 160oF 
(71.1oC) or 68oC for 15 seconds, respectively. However, the degree to which this 
cooking temperature is achieved is complicated by the lack of homogeneity in patty 
composition and the complexity of temperature monitoring (D’sa et al., 2000). 
Further, the use of thermometers for cooking beef patties by consumers is limited 
(NCBA, 1999) due to the inconvenience of the procedure, consumer ambivalence, and 
a lack of consumer confidence in a thermometer's ability to ensure food safety 
(USDA, 1998). Most consumers determine doneness by observing the color and 
texture of cooked beef patties (Rhee et al., 2003). However, premature browning in 
ground beef can lead to inadequate cooking by consumers who are misled by the 
cooked color (Warren et al., 1996), allowing potential survival of E. coli O157:H7. 
Effective methods that kill E. coli O157:H7 in undercooked ground beef patties would 
reduce the likelihood of food-borne outbreaks of this pathogen, and decrease 
economic losses to the beef industry. 

Free fatty acids and their monoglycerides have been found to be inhibitory 
towards an array of pathogenic microorganisms (Kabara et al., 1972). Caprylic acid is 
an eight-carbon (C:8) fatty acid present in breast milk, bovine milk (Jensen et al., 
2000), and coconut oil (Sprong et al., 2001); it is a food-grade chemical approved by 
the FDA as Generally Recognized As Safe (GRAS) (CFR 184.1025). Monocaprylin is 
the monoglyceride ester of caprylic acid. Nair et al. (2004) observed that caprylic acid 
and monocaprylin were effective in killing E. coli O157:H7 and Listeria 
monocytogenes in milk.  
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Objectives 

This study was conducted to determine the effect of monocaprylin on increasing 
the heat sensitivity of E. coli O157:H7 in ground beef cooked to an internal 
temperature of 60oC, 65oC or 68oC, and on the color acceptability of monocaprylin 
containing ground beef patties. 

Methodology 

Bacterial Culture. A five-strain mixture of E. coli O157:H7 was used; each strain 
was induced for resistance to 50 µg/ml nalidixic acid and 50 µg/ml rifampicin. The 
cell suspension was prepared by transferring 100 µl of each strain from stock culture 
to 10 ml Tryptic Soy Broth (TSB; Difco, Detr, Mich.) and incubating at 37oC for 24 
hrs. TSB was supplemented with 50 µg/ml of nalidixic acid (Sigma Aldrich Chemical 
Co., St. Louis, Mo.) and rifampicin (Fischer Scientific, Fair Lawn, N.J.). After two 
consecutive transfers, equal volumes from each strain were combined and harvested 
by centrifugation (3600 x g, 12 min) at 4oC, washed twice in sterile phosphate-
buffered saline (PBS, pH 7.4) and the cell pellet resuspended in PBS. The bacterial 
count of the 5-strain mixture was confirmed by plating 100 µl of appropriate dilutions 
on Tryptic Soy Agar (TSA; Difco, Detr, Mich.) plates containing the antibiotics, and 
by incubation at 37°C for 24 hrs.  

Preparation of beef patties. Fifteen kg of coarse ground beef (90% lean and 10% 
fat) was purchased locally. The beef was fine ground and a total of 60 patties (50 g 
ea) was randomly assigned into one of the three treatments, Control (0 mM 
monocaprylin), 20 mM monocaprylin and 25 mM monocaprylin (Nu-Check Prep,Inc., 
Elysian, MN).    

Inoculation and treatment. Each patty was inoculated with 500 µl of the five-
strain mixture of E.coli O157:H7 to obtain a final concentration of 6 log10 CFU/g. 
Monocaprylin (0, 20 mM and 25 mM) was added to the inoculated patties, mixed 
thoroughly and formed into patties using a micro-petri dish (1.5 cm thick, 5.5 cm 
dia.). The patties were placed on foam trays, overwrapped with fresh meat film and 
stored at 4oC for 5 days.  

Cooking. On each sampling day (0, 1, 3, 5), the inoculated beef patties were 
cooked singly in a double-sided George Foreman Grill (Salton Inc., China) until 
desired internal temperature (60oC, 65oC or 68oC) was reached. Internal temperature 
was monitored by using an Acutuff Model 34 Atkins 2 mm probe meat thermometer 
(Koch Supplies, N. Kansas, MO) placed in the geometric center of each patty. Patties 
were turned three times during cooking with the first turn at 30oC, the second turn at 
40oC and the third turn at 50oC.  

Enumeration of surviving E.coli O157:H7. Upon reaching the desired internal 
temperature, patties were removed from the grill, submerged individually in 100 ml 
sterile ice-cold PBS, and homogenized in a stomacher for 1 min. Two hundred µl of 
appropriately diluted meat homogenate was surface-plated on duplicate TSA plates 
supplemented with 50 µg/ml nalidixic acid and 50 µg/ml rifampicin. Plate counts 
were determined after incubation at 37oC for 24 to 48 hours. 

Determination of pH: Ten grams ground beef from each treatment was 
homogenized with 30 ml deionized water in a Waring™ blender, and pH was 
measured using a pH meter (model 720, Orion Research, MA) standardized with pH 4 
and 7 buffers. 
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Sensory analysis: Triangle test (Larmond, 1977) and the 9-point Hedonic color 
acceptability test (Lawless and Heymann, 1999) were used to evaluate the color of 
patties. Both evaluations were conducted with twenty-five untrained panelists. Pre-
coded control and treated patties were cut in half longitudinally, randomly arranged 
on a sensory plate, and served to each panelist.  

Statistical Analysis. Four patties per treatment per cooking temperature were 
used in this study. The entire study was replicated two times. The collected data 
(microbial, pH, and sensory) from independent replicate trials were pooled and 
analyzed using the general linear model of Statistical Analysis Software (SAS 
Institute, Inc., N.C). Significant differences (P < 0.05) between the treatments and 
controls were determined by the least significant difference (LSD) test. 

Results and Discussion 

Bacterial counts. At 60oC, E.coli O157:H7 counts in control patties were 
decreased by 0.6 log CFU/g, whereas significant reductions (P < 0.05) of 1.4 log CFU 
and 1.9 log CFU/g were achieved in patties containing 20 mM and 25 mM 
monocaprylin, respectively.  

On day 0 of storage, cooking the patties to 65oC reduced the pathogen load by 
approximately 2.0, 4.0, and 4.1 log CFU/g in patties containing 0, 20 mM, and 25 mM 
monocaprylin, respectively. Further, at 65oC E.coli O157:H7 was completely 
inactivated in the samples containing 25 mM monocaprylin (on days 3 and 5). 

Cooking the patties to 68oC reduced E.coli O157:H7 populations by 4.8 log 
CFU/g in control samples, whereas complete inactivation of the pathogen was 
observed at this temperature in patties treated with 25mM monocaprylin.  

pH. There were no significant differences in the pH of control and treated patties 
(P > 0.05).  

Sensory evaluation. The triangle test showed that 66% of panelists detected 
differences in color between treated and control patties. Mean acceptability scores for 
control and 25 mM treated patties were 6.68 and 6.80, respectively. These scores were 
equivalent to “like slightly” to “like moderately” on the Hedonic rating scale used.  

Conclusions 

The E.coli O157:H7 population in ground beef patties cooked to the three 
suboptimum temperatures (60oC, 65oC and 68oC) was significantly (P < 0.05) reduced 
by the addition of 20 mM and 25 mM monocaprylin without compromising color 
acceptability. This is especially important since the infectious dose of E. coli 
O157:H7 in humans is very low. 
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