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CHAPTER I
LITERATURE REVIEW
ESCHERICHIA coli O157:H7
Escherichia coli was discovered in 1885 by Theodor Escherich - a GermanAustrian pediatrician (34). While investigating infants with diarrhea, Escherich noted
similar symptoms in all patients. Although he found the E. coli bacteria in the feces of
newborns, the pathogenic types were not discovered until 1935 (34). The primary
pathogenic strain of interest, Escherichia coli O157:H7, was first brought to public
attention in 1982 as a food borne pathogen, but did not become a reportable disease until
1987 (2, 29).
Escherichia coli are facultative anaerobic gram negative rods that belong to the
family of bacteria know as Enterobacteriaceae. Enterobacteriaceae grow with or without
oxygen. Under anaerobic conditions, such bacterium is able to survive by using
fermentation (35). While under aerobic conditions the bacteria utilize aerobic respiration,
utilizing NO3, NO2, and fumarate as final electron acceptors (35).
There are over 700 known serotypes of E. coli. However, not all serotypes are
found to be pathogenic (35). There are five classifications that are pathogenic. Those five
classifications are: enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC),
enterohemorrhagic E. coli (EHEC), enteropathogenic E. coli (EPEC), and
enteroaggregative E. coli (EAEC) (35). Though humans are vectors for E. coli, certain
strains are pathogenic to the human system. Escherichia coli O157:H7 is an EHEC,
1
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which is characterized by the production of a verotoxin and its O and H antigen locations
(35). The O is a somatic antigen located in the cell wall of the bacteria, which are
components of lipopolysaccharides (35). Speculation is that the O polysaccharides help
the bacteria adhere to the epithelial tissue, but the actual reason is still not fully
understood (35). The H is indicative of the flagellar antigen, which are fine, long tubular
structures whose walls consist of flagellin subunits (28). Escherichia coli O157:H7 is a
bacterium commonly associated with food safety concerns.
All warm blooded animals, including humans, are capable of hosting E. coli in
their large intestine. From a food safety standpoint, E. coli O157:H7 can be found in the
intestines of cattle, chickens, deer, sheep, and pigs, but is linked primarily to the
gastrointestinal tract of cattle (26, 34). Snijders et al. (31) stated that carcasses should be
eviscerated carefully in order to help prevent contamination from the intestines, and the
rectum should be tied off. Escherichia coli can be transported through food, water,
humans, and animals (26). Meat that is improperly handled and/or inadequately cooked is
the most common implicated food (29). Meat can become contaminated during the
slaughter process. One of the easiest ways to help control E. coli O157:H7 is by washing
hands after using the bathroom or touching farm animals.
Symptoms of E. coli O157:H7 usually appear within four days, but can take up to
nine days. Upon manifestation, symptoms can last anywhere from five to ten days (29).
The most common symptoms are bloody diarrhea and abdominal cramps (33). Typically,
symptoms disappear after ten days without the need for any antibiotics. However, the
verotoxin produced by E. coli O157:H7 can cause intense inflammatory response and
2
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hemorrhagic colitis. In very severe cases, hemolytic uremic syndrome (HUS) can develop
(33). Hemolytic uremic syndrome is a serious disease in which red blood cells are
destroyed and the kidneys fail (33). Hemorrhagic colitis leads to edema, erosion and
hemorrhage of the mucous layer of the intestinal tract (32). Hemolytic uremic syndrome
can result in severely damaged kidney tissue, thrombocytopenia, and acute renal failure
(32). Though severe, most infected individuals recover completely, although a prolonged
hospital stay is often required. In addition to a blood transfusion, blood clotting factors
and kidney dialysis may be necessary for complete recovery (29).
Escherichia coli O157:H7 grows best at temperatures ranging from 30o to 42oC,
and early reports have shown that it can withstand low storage temperatures, as well as
freezing (9, 18, 32). Currently the U.S. Food Safety Inspection Service (FSIS)
recommends that mechanically tenderized steaks be cooked to a minimum of 68.33oC for
15 seconds to ensure that E. coli O157:H7 has been killed (13). Cooking temperature
requirements for intact beef steaks is 63oC for 15 seconds (13), while ground beef should
be cooked to an internal temperature of 68oC for 15 seconds (13). The easiest way to kill
E. coli O157:H7 is to cook the meat to recommended internal temperatures set by the
FSIS-USDA.
MECHANICAL TENDERIZATION
Mechanical tenderization involves the penetration of blades, knives, or needles
into meat by applying pressure to improve meat tenderness by disrupting muscle fibers
(17). With the help of tenderizing techniques, the hope is to improve the tenderness of
tough cuts of meat. During the 1970’s different feeding practices helped improve meat
3
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tenderness, but with an increase in grain prices (which made cattle feeding more
expensive), other techniques to improve meat tenderness were investigated (32).
Mechanical tenderization can be performed using two procedures - needle (blade)
tenderization or maceration (i.e. cubing) (22). Needle tenderization involves a series of
sharp, double edged blades, which are capable of cutting through muscle tissues and
fibers (22, 25, 32). This leads to lower shear force and easier mastication. Many
processing plants have implemented conveyorized systems in which tenderizing needles
inject and release the product while simultaneously advancing it (32). Recently, the
industry has seen an increase of bone-in cuts. Systems were incorporated into the process
with new technology that allows blades to move independently of each other so they can
penetrate the product until reverse force is applied (via the bone surface) (32). Bone-in
cuts are often treated on both sides of the cut because of needle penetration. Cubing is
mechanical tenderization to the surface of steaks, which causes a completely macerated
look and texture to the steak (22). Cubing is done using small blades on rollers and
should only be used on tough steaks, like inside round steaks (22).
Though blade tenderization improves tenderness, a primary concern regarding its
use is the potential translocation of surface bacteria into the interior of the product (once
considered sterile). In 1999, Phebus et al. studied microbial hazards due to blade
tenderization treatment of intact muscle, and speculated that it might introduce pathogens
into the interior of the muscle (27). Luchansky et al. found that only the top 1 cm of top
sirloin butt was found to contain E. coli O157:H7 after needle tenderization (21).
Furthermore, the number of passes through the tenderizer did not affect the presence of E.
4
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coli O157:H7 found in the topmost 1 cm of top sirloin butt (21). Additionally, E. coli
O157:H7 was detected on the conveyor belt and the blades of the needle tenderizer,
indicating that not all of the 10 mL of the original inoculums was left in the interior
portions of the muscle (21). Echeverry et al. (10) found similar results to Luchansky et al.
(21) in a study involving E. coli O157:H7-inoculated striploins. Both studies showed that
E. coli O157:H7 was introduced into the interior of the muscle when mechanical
tenderization was applied to make the meat more tender. However, Echeverry et al. (10),
suggested that once E. coli O157:H7 is internalized; it is quickly inactivated due to the
new environment, which lacks oxygen and the antimicrobials that were applied to the
surface. Both of these studies indicate that E. coli O157:H7 can be internalized when
mechanical tenderization techniques are used, but if antimicrobials such as lactic acid are
applied, then E. coli O157:H7 growth was hindered.
LACTIC ACID
Lactic acid was first discovered by Swedish chemist Carl Wilhelm Scheele in
1789 while investigating the souring of burgundy wine (4). Since then, scientists have
found that lactic acid helps in controlling different bacteria. Lactic acid bacteria are
bacteria that produce lactic acid as a result of carbohydrate fermentation from hexoses
(20). Lactobacilli are gram positive bacteria, varying in morphology from rods to
coccobacilli, which form into chains (20). Lactic acid has been used as an intervention on
carcasses to inhibit the growth of harmful pathogenic bacteria, and it is used as an
antimicrobial to control or reduce bacterial contamination (31). Lactic acid is used
because it is a natural product and safe for humans to consume (31). The effectiveness of
5
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lactic acid is based on concentration, application time, temperature, and application
method used (31). Lactic acid releases protons that penetrate and disrupt the cytoplasmic
membrane, resulting in reduced extracellular pH (1). The undissociated form gains
entrance through the water filled proteins of the outer membrane which inactivates the
bacterium (1, 19, 24). One bacterium that lactic acid helps to control is E. coli O157:H7.
This is because lactic acid affects a shift on the microflora away from the gram negative
bacteria (23, 31). Cutter and Siragusa (8) tested 3 different organic acids (lactic, acetic,
and citric) at 3 different levels (1%, 3%, and 5%) finding that 5% lactic acid was the most
effective against E. coli 43895, 43889, and 43890 (8), E. coli O157:H7 cell lines that
were used in the study by Cutter and Siragusa (8). Findings from Sinjders et al. showed
that adding lactic acid to the water appeared to remove the dirt protecting the pathogenic
bacteria on the equipment used in processing plants as well as off the carcasses (30).
Most facilities use lactic acid application as a critical control point (CCP) in their
HACCP plans. Processing plants have spray cabinets set up in different parts of the plant
to reduce the spread of pathogenic bacteria.
PAST OUTBREAKS
With new outbreaks occurring dealing with mechanically tenderized products,
concerns have surfaced that the pathogenic bacteria that has been introduced into the
interior of the meat and is not killed when cooked to 63oC. In 1994 FSIS, declared that E.
coli O157:H7 was an adulterant in ground beef, making it the first microorganism to
receive this status (11). Food Safety Inspection Service has linked exposure to E. coli
O157:H7 to life-threatening human illnesses (hemorrhagic colitis and HUS) (11).
6
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Currently the FSIS takes random samples of raw ground beef from inspected
establishments and retail stores. If any E. coli O157:H7 is found then FSIS takes various
actions depending on the situation (11). In January of 1999, FSIS said that if non-intact
beef products that have been mechanically tenderized are found to be contaminated with
E. coli O157:H7 then they must be made into ready-to-eat foods (12). In October 2002,
FSIS sent out a notice that processing plants must reassess their HACCP plans (Hazard
Analysis and Critical Control Points), by July of 2005, to address the potential risk linked
to contaminated, mechanically tenderized products (12). Plants were made aware that E.
coli O157:H7 is a pathogenic bacterium that can affect people at very low levels, and is
deadly. With the help of FSIS, plants have revised their HACCP plans to indicate that if
E. coli O157:H7 is found the product shall be put into ready-to-eat products; meaning it is
thoroughly cooked.
In January 1993, the Washington Department of Health received reports of
children suffering from HUS, as well as an increase in emergency room visits from
patients with bloody diarrhea (36). Almost all patients reported having consumed
hamburgers from Jack in the Box just days before becoming ill (3, 7, 36). The patties
were sold to Jack in the Box restaurants by the Von Companies of California. E. coli
O157:H7 was found in 11 different lots of hamburger patties (3, 7, 36). The Washington
Department of Health reported a total of 602 patients, of which three died (36). The
President of Jack in the Box, Robert Nugent finally concluded that they were trying to
save money by cooking hamburgers for less time or on a cooler grill than what was
considered to be safe (36). After this outbreak the FDA changed the recommended
7
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internal temperature of cooked hamburgers to 63oC, and the FSIS declared E. coli
O157:H7 as an adulterant in raw ground beef (11).
Escherichia coli O157:H7 was only a concern with ground beef until recently
when the concerns have focused on any meat that has been tenderized or injected because
of an incident involving frozen and tenderized steaks that were sold to consumers. On
August 20, 2004, approximately 406,000 pounds of frozen beef products were recalled
for potential E. coli O157:H7 contamination (12). Items that were sold with the same
establishment number (213-D) included: USDA select beef sirloin steaks, beef sirloin
butt strip steaks, and Applebee’s House sirloin beef steaks (12). This recall was issued
after four E. coli illnesses were reported in Colorado (12). On May 11, 2007 another
recall occurred. The items included: strip loins steaks, ball tip steaks, top butt steaks, and
sirloin steaks (13). All of these steaks were mechanically tenderized and linked to
illnesses resulting from E. coli O157:H7. These two outbreaks document that E. coli
O157:H7 can be transferred into the steaks when they are mechanically tenderized. It is
important to document that cooking to 68.33oC for 15 seconds is sufficient to kill E. coli
O157:H7 cells in mechanically tenderized products.
CON&LUSION
Currently the FSIS takes random samples of raw ground beef from inspected
establishments and retail stores. If any E. coli O157:H7 is found then FSIS takes various
actions depending on the situation (11). In January of 1999, FSIS stated that if non-intact
beef products that have been mechanically tenderized are found to be contaminated with
E. coli O157:H7 then they must be made into ready-to-eat foods (12). In October 2002,
8
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FSIS sent out a notice that processing plants must reassess their HACCP plans (Hazard
Analysis and Critical Control Points) to address non-intact products (12). Plants are made
aware that E. coli O157:H7 is a pathogenic bacterium that can affect people at very low
levels, and is deadly. With the help of FSIS, plants have revised their HACCP plans to
indicate that if E. coli O157:H7 is found the product shall be put into ready-to-eat
products; meaning it is thoroughly cooked.

9
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CHAPTER II
S859,9$%,/,7<2) E. &2/, O157:H7 ,1 N(('/(
7(1'(5,=('%(()67($.6'85,1*/$&7,&
A&,'$33/,&$7,21$1'&22.,1*
$%675$&7
Illness has been associated with the consumption of non-intact beef
products. Because blade tenderization is commonly used in the beef industry to improve
meat tenderness, measures must be taken to reduce the threat the pathogen translocation
from the surface of beef cuts during mechanical tenderization. The objective of this
research was to characterize the effects of 5% lactic acid on needle-tenderized beef strip
loins inoculated with Escherichia coli O157:H7 and managed under simulated industry
conditions prior to cooking to various endpoint temperatures. Subprimals were inoculated
with either a low or high level of E. coli O157:H7 (103CFU/cm2 and 105CFU/cm2,
respectively) using a dip method at the BSL-II pathogen processing facility, at Texas
Tech University (Lubbock, TX). Subprimals were then stored for 7 days at 2-4oC. At 7
days, subprimals were mechanically tenderized (Model H, Jaccard, Orchard Park, NY)
and cut into 2.54 cm2 thick steaks, then stored at 2-40C for 21 days. At 28 days, the steaks
were transported to the Experimental Sciences Building (ESB), at Texas Tech University
(Lubbock, TX) to be cooked to internal temperatures of 55, 60, 65, 70, or 75oC. At low
inoculation levels (103cfu/cm2), after processing, and cooking, E. coli O157:H7 was not
detected on internal meat samples. However, E. coli was detected when high inoculums
steaks (105cfu/cm2) that were cooked to 55, 60, or 70⁰C. Regardless, at low inoculation
levels (typicndustry contamination) 5% lactic acid treatment, vacuum packaging,
10
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refrigerated storage and cooking reduced E. coli O157:H7 to non-detectable levels in
needle tenderized beef steaks cooked to 55°C or higher internal temperatures.
Keywords: beef, E. coli O157:H7, mechanical tenderization, cooking.

,1752'8&7,21
Escherichia coli O157:H7 was first brought to public attention in 1982 as a food
borne pathogen (2). In the following ten years there were 30 outbreaks recorded in the
United States, but it was not a reportable disease until 1987 (2). Escherichia coli
O157:H7 causes hemorrhagic colitis, and in very severe cases, hemolytic uremic
syndrome (HUS) (33). Escherichia coli is transmitted through food, water, humans, and
animals (26). Escherichia coli O157:H7 is found in the intestines of cattle, chickens,
deer, sheep, and pigs, but is linked primarily to cattle (26). The most common symptoms
are bloody diarrhea, abdominal cramps, and kidney failure (33).
In 1994, the government declared that E. coli O157:H7 was an adulterant in
ground beef, making it the first microorganism to receive this status (11). Recently the
concern has related to any meat that has been tenderized or injected, as was found in the
case with tenderized frozen steaks that were sold to consumers. Food Safety Inspection
Service has linked exposure to E. coli O157:H7 to life-threatening human illnesses
(hemorrhagic colitis and HUS) (11). Currently the FSIS takes random samples of raw
ground beef from inspected establishments and retail stores. If any E. coli O157:H7 is
found then FSIS takes various actions depending on the situation (11).
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In a study by Barkocy-Gallagher et al. (2), found that E. coli O157:H7 was higher
in fecal samples in the summer and lowest in the winter and the trend was evident
throughout processing. Barkocy-Gallagher et al. (2) also noted locations within the plant
that were harboring E. coli O157:H7 did not come into contact with any product, but did
come into contact with equipment that was used to process products.
Lactic acid is used as an antimicrobial to control or reduce bacterial
contamination. One bacterium that lactic acid helps to control is E. coli O157:H7. Most
facilities use lactic acid as a critical control point (CCP) in their HACCP plans. Brashears
et al. (5) showed that lactic acid stresses E. coli O157:H7, makeing it harder for E. coli
O157:H7 to reproduce. Cutter and Siragusa (8) showed that 5% lactic acid is the most
effective organic acid to use on beef carcasses as an intervention for E. coli O157:H7.
While lactic acid stresses E. coli O157:H7, Brashears et al. (5) also found that trypic soy
agar (TSA) helped E. coli O157:H7 recover from the inhibiting factors of lactic acid. The
objective of the project was to characterize the effects of lactic acid spray on needle
tenderized beef strip loins inoculated with low and high levels of E. coli O157:H7 prior to
cooking to various endpoint temperatures.
MATERIALS AND METHODS
Procurement of Product

USDA Standard beef strip loins (USDA, IMPS #180; n = 40) were obtained
approximately 10 days postmortem from a federally-inspected commercial processing
facility and transported to the BSL-II pathogen processing facility, at Texas Tech
University (Lubbock, TX) under refrigeration (1 to 3oC). Upon arrival, the strip loins
12
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were randomly allotted to two trials. Trial 1 included 20 strip loins inoculated with a 10 5
CFU/mL E. coli O157:H7 cocktail (high inoculation), with an actual attachment rate of
103cfu/mL. Trial 2 followed the same procedure - 20 strip loins inoculated with a
103cfu/cm2 E. coli O157:H7 cocktail (low inoculation), with an actual attachment rate of
101cfu/cm2. Trial 1 and Trial 2 included the inoculation of five strip loins and were
replicated 4 times.
Inoculation and Lactic Acid Treatment

Beef strip loins were immersed in buffered peptone water (BPW) broth inoculated
with an E. coli O157:H7 cocktail. The E. coli O157:H7 cocktail consisted of four strains
isolated from cattle (ATTC A4 966, A5 528, 966 and A1 920) and associated with CDCdocumented human outbreaks. The E. coli O157:H7 cocktail was prepared by using a
frozen sample and BPW. The frozen conical was taken out of the (-80oC) freezer, and put
in an ice bath to thaw. To make the high dilution (105 log CFU/mL), six, one liter bottles
of BPW were used 0.1mL was taken out of the conical and put into each bottle. For the
low dilution (103 log CFU/mL), six, one liter bottles of BPW were used, 0.1mL of E. coli
O157:H7 was taken out of the conical and put into a test tube with 9.9mL of BPW in it,
and then vortexed. Then 0.1mL was added to the six, one liter bottles designated for low
inoculation. The strip loins were immersed for approximately 15 seconds per side. The
strip loins were then allowed to stand for 15 minutes on racks at 4oC to allow attachment.
At this time the E. coli O157:H7 broth was taken into the next room so that Ala Quat
(Birko, Henderson, CO) could be added to start killing the E. coli O157:H7 cells.

13
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After inoculation, strip loins were allotted randomly to treatments. One-half of
the inoculated strip loins were treated with 5% lactic acid using a spray cabinet (Chad
Co., Olatha, KS) with conveyorized wire belt (Series 800, Intralox, Inc., Harahan, LA).
The lactic acid was prepared using 88% stock solution (Birko Corp., Henderson, CO) and
tap water, making a 5% lactic acid spray (8). After treatment with lactic acid, striploins
(treated and control) was vacuum packaged (model MVS 45, Minipack – Torre,
Dublin/Manchester) using high barrier bags (Sealed Air – Cryovac, Bolingbrook, IL) and
stored in the dark at 2 to 4oC for 21 days in the absence of light. Temperature was
monitored continuously using remote temperature probes (Model SR1, SAPAC,
Modesto, CA).
Mechanical Tenderization

After 21 days of storage, control and treated strip loins from each trial were
removed from their vacuum bags and were subjected to mechanical tenderization with a
blade tenderization unit (Model H, Jaccard, Orchard Park, NY). Strip loins were placed
external fat side down with needle penetration initiating on the lean side (picture 3). After
tenderization (1pass/1 time), the strip loins were portioned into 2.54 cm-thick steaks.
Subprimals were placed on the cutting guide (picture 4) and cut using a serrated knife.
Steaks were identified and individually vacuum packaged (model MVS 45, Minipack –
Torre, Dublin/Manchester) using high barrier bags (Sealed Air – Cryovac, Bolingbrook,
IL) (Picture 5). Packaged steaks were then stored at 2 to 4oC for 7 days in the absence of
light.

14
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Cooking

After the 7 day storage period (day 28 post-inoculation) steaks were transported
(approximately 92 meters) to the Experimental Science Laboratory at Texas Tech
University (Lubbock, TX) under refrigeration (2 to 4oC) for cooking and microbial
analysis. Steaks were randomly allotted to five targeted internal temperatures (55, 60, 65,
70, and 75oC) for cooking. An additional steak from each strip was reserved for raw
sampling to determine initial microbial counts. Prior to cooking, steaks were threaded
with thermocouples (Type J) (Picture 7) to allow for continuous temperature monitoring
during cooking using a data monitoring device (Personal Daq, model OMB-DAQ-56,
Omega Engineering, Inc). Steaks were cooked on a clam shell-style grill (model
GRP99B, George Foreman, Salton Inc., China.) to their targeted end point temperatures
(Picture 8).
When the designated internal temperature was reached, steaks were removed from
the grill and allowed to set for 5 minute in a tray. Temperature was monitored during the
setting period. The starting time of grilling, end point temperature, time of removal from
heat source, peak temperature, five minute rest period and five minute temperature were
recorded. Figure 1 shows the average time it took from putting the steaks on the grill to
pulling them off for the setting period, the average time it took for the steaks to reach
their peak temperatures after being pulled off the grill, and the average time it took to put
the steak on the grill and through the five minute rest period. Figure 2 shows the average
peak temperatures of all the steaks per internal temperature that the steaks were pulled off
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the grill. Figure 2 also shows the average temperatures when the five minute rest period
was finished.
MICROBIAL ANALYSIS
Pathogen Lab

The needle tenderization unit was thoroughly cleaned and sanitized with 400 ppm
Quadra Quat (Birko, Henderson, CO) between each strip loin to prevent crosscontamination. The pathogen processing laboratory (Texas Tech University, Lubbock,
TX) was subjected to a 3-day cleaning and sanitation process (Quadra Quat and Ali Quat,
Birko, Henderson, CO) prior to research. All walls, ceiling, and equipment were sanitized
to prevent all other pathogens and background flora from interfering with the current
study. Once the subprimals or steaks were packaged and in dark, cold storage (2 to 4oC),
the facility was cleaned by appling Ala Quat (Birko, Henderson, CO) to the surface and
letting it set for 5 min. Equipment was rinsed and washed with soap and water, rinsed and
then Quadra Quat (Birko, Henderson, CO) was applied to the walls, ceiling, and
equipment and left to sit overnight, as to help keep the facility sanitized. In between the
different inoculation levels (103 and 105 log CFU/cm2) and control vs. treatment, the
equipment was treated with an Ala Quat (Birko, Henderson, CO) spray, rinse, washed
with soap and water and rinsed again, to make ready for the next use.
Inoculation

Approximately fifteen minutes after immersion in their respective inoculation
level broth, microbial samples were obtained from the fat and lean surfaces of strip loins
from each trial. A 50-cm2 area was swabbed using sponges moistened with 9 mL of
16

Texas Tech University, Cassandra Chancey, December 2010

buffered peptone water (BPW) and sterile, disposable templates (picture 1 and 2). The
same procedures were used for sampling after lactic acid treatment. Sample swabs were
obtained from the lean and fat surfaces of strip loins prior to mechanical tenderization
(day 21). Again both fat and lean surfaces of the strip loins were sampled using sponges
moistened with 9 mL of BPW.
Mechanical Tenderization

On day 21, the mechanical tenderization unit was cleaned and sanitized with
quatra quad (10 min), sprayed off, washed with soap and water, and rinsed after each
subprimal was tenderized (procedure) to limit E. coli O157:H7 to the individual
subprimal. The knife used to cut the steaks was cleaned in between each steak cutting
with ethanol to help control E. coli O157:H7 cross contamination. The cutting guide and
knife were cleaned in between each subprimal with the same procedure as the mechanical
tenderizer.
All sponges from day 0 and day 21 were agitated in a stomacher machine (model
400, Seward Stomacher, England) for one minute and then spread (100 µl) plated on
MacConkey’s agar with a Trypic Soy Agar (TSA) overlay (Brashears et al., 2001) to help
the injured E. coli O157:H7 cells recover and grow. The MacConkey’s agar was prepared
with potassium tellurite and novobiocin sodium salt to control background flora growth.
Sample plates were incubated at 37oC for 18 to 24 h. The colonies of E. coli O157:H7
were then visually counted.
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Cooking

Additional microbial analyses were performed on the surface of each steak before
and after cooking. Prior to cooking on day 28, the individual steak surfaces were swabbed
using sponges moistened in 9 mL of BPW. Surface samples were also collected five
minutes after reaching the desired internal cooked temperature. After cooking each steak
to its designated endpoint internal temperature, a meat sample was aseptically obtained (2
cm X 5 cm) from the center of the steak (Picture 9). The meat sample was immediately
ground using a food processor (HC306, Black and Decker, Townson, Maryland) (Picture
10) and 10 g of the ground samples was placed into a stomacher bag with 90 mL of
Difco-EC Medium, an enrichment broth (Becton, Dickinson and Company, Sparks, MD,
Serial Number 231430). The samples were then stomached for two minutes (Seward
Stomacher, 400, England) and then placed in an incubator at 37oC for 18 to 24 h. After
enrichment, samples were subjected to the BAX® system (DuPon Qualicon, Software
1.85 Commercial Unit, Base Serial number 15039, Instrument Serial number 251) to test
for the presence of E. coli O157:H7. The BAX® system detects the DNA of the dead and
viable bacteria of interest.
Each temperature was designated a tray, cutting board, and food processor. Also
we had at least seven knives, tongs, and meat sample guides, all to help ensure that each
piece of equipment was used once, and then taken to the sink to soak in bleach water
(approx. 5 minutes). After soaking, the equipment was washed with soap and water,
rinsed, and then left to air dry. The equipment was then sprayed with ethanol to kill any
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bacteria that might still be present, and then the knife and cutting boards were sprayed
with 95% ethanol, so that they could be flamed.
Statistical Analysis

The project was designed as a completely randomized block design (CRBD)
using the variables of treatment, day, and lean surface when applicable. The independent
variables were treatment, day, temperature, and lean surface when applicable. The
dependent variable was the microbial counts. Data was analyzed using the general linear
model (GLM) of SAS (v. 9.2 SAS Inst., Cary, NC). Least squares means were analyzed
using the PDIFF option of SAS at a significance level of P < 0.05.
RESULTS AND DISCUSSION
Subprimals High Inoculation (105 log CFU/cm2) of E. coli O157:H7

The effect of 5% lactic acid treatment on E. coli O157:H7 surface levels of high
inoculated subprimals at day 0 and 21 of vacuum package storage are presented in Table
1. Results indicate 5% lactic acid treatment decreased (P < 0.05) E. coli O157:H7
bacteria levels on the surface of beef subprimal on day 0 of storage by approximately 1
log CFU/cm2. Data indicate E. coli O157:H7 levels differed on day 0 depending on
surface type (lean vs. fat surface) for control and treated subprimals, but the values did
not differ statistically. E. coli O157:H7 levels on the lean and fat surfaces of beef
subprimals were decreased after 21 days of vacuum package storage at refrigerated
temperatures. After 21 days of storage, statistical analysis indicated E. coli O157:H7
levels on the surface of beef subprimals were similar for control-lean surface, control-fat
surface and treated lean surfaces. However, E. coli O157:H7 levels were lower (P < 0.05)
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on surfaces covered in fat than all other treatments after 21 days of storage. These data
indicate 5% lactic acid and storage for 21 days in vacuum packaging were effective in
reducing E. coli O157:H7 bacteria on the fat surfaces of beef subprimals; however, this
was not the case on the lean surfaces. The combined use of 5% lactic acid and 21 days
vacuum packaged storage of subprimals deceased E. coli O157:H7 between 1 to
approximately 2 log CFU/cm2, regardless of surface type. The decreasing levels of E. coli
O157:H7 during aging could be due to the lack of oxygen during storage, background
flora, and/or the cold storage temperatures (0 to 4oC).
Steaks High Inoculation (105 log CFU/cm2) of E. coli O157:H7

E. coli O157:H7 levels on the surface of beef steaks portioned from high
inoculation subprimals treated with lactic acid prior to needle tenderization and
portioning on day 21 of storage are presented in Table 2. The data indicate steaks from
subprimals treated with lactic acid squares means indicated control steaks had 1.58 logs
CFU/cm2 E. coli O157:H7 on the surface, while the steaks from lactic acid treated
subprimals had 1.2 logs CFU/cm2.
The proportion of surface swab samples positive for E. coli O157:H7 after the
cooking of steaks taken from high inoculated beef subprimals are presented in Figure 4.
The data indicate cooking destroyed E. coli O157:H7 surface counts on the steaks for all
samples except one. The positive sample was found among steaks cooked to an internal
temperature of 55oC after samples were enriched and analyzed with the BAX® system.
Although great efforts were taken to prevent contamination, this positive sample was
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possibly the result of cross contamination or that the E. coli O157:H7 was dead, but the
DNA wasn’t broken up and still readable by the BAX® system.
The proportion of internal steak samples from high inoculated subprimals positive
for E. coli O157:H7 after cooking to various internal temperatures and sample
enrichment are presented in Figure 5. There were a total of 11 samples that were found to
be positive for E. coli O157:H7, with eight of those samples among the raw steak
samples. A single sample (0.05 proportion or 5% of samples) was found to be positive for
E. coli O157:H7 after enrichment for each of the following internal steak temperature
cooking treatments: 55o, 60o, and 70oC.
Subprimals Low Inoculation (103 log CFU/cm2) of E. coli O157:H7

The effect of 5% lactic acid treatment on E. coli O157:H7 surface levels of low
inoculated subprimals at day 0 and day 21 of vacuum package storage are presented in
Table 1. Data indicate 5% lactic acid treatment reduced (P < 0.05) E. coli O157:H7 levels
on the lean and fat surfaces of beef subprimals stored for 0 days, compared to control
lean and fat surface samples. Analysis also indicated storage of beef subprimals in
vacuum packaging for 21 days reduced (P < 0.05) E. coli O157:H7 on the lean and fat
surfaces of beef subprimals compared to E. coli O157:H7 levels observed on day 0 of
storage. The lean side of beef strip loins had lower E. coli O157:H7 levels on day 0 lactic
acid treated samples compared to controls (0.43 vs. 1.23 logs , respectively). From day 0
to day 21 there was a reduction on lean surface E. coli O157:H7 counts for the control
(from 1.23 logs to 0.16 logs) as well as lactic acid treated strip loins (from 0.43 logs to
0.10 logs). On day 21, there was no significant difference in the amount of E. coli
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O157:H7 found on the control and lactic acid treated strip loins. E. coli O157:H7 levels
on the fat side of beef subprimals was greatly reduced (1.26 logs) on day 0 with the lactic
acid spray when compared to the control strip loins. At day 21, it was found that the level
of E. coli O157:H7 on the lactic acid treated strip loins increased 0.23 logs from day 0,
while E. coli O157:H7 levels on the controls decreased (from 1.29 logs to 0.63 logs).
However, the lactic acid treated samples at 21 days of storage were still lower than the
control strip loins (0.63 logs vs. 0.27 logs for the control and lactic acid treated samples,
respectively). Finally, these data indicate higher counts of E. coli O157:H7 were found on
the fat side of beef subprimals when compared to the lean side of beef subprimals.
Steaks Low Inoculation (103 log CFU/cm2) of E. coli O157:H7

On day 28 of storage, surface swabs were taken on all steaks prior to cooking.
The samples from the low inoculated beef subprimals were enriched prior to analysis
with the BAX system to determine E. coli O157:H7 positive samples because no colonies
were found on plates.
The proportion of surface swabs on steaks from low inoculated subprimals are
presented in Figure 7 and stratified according to designated internal cook temperature
treatment group. The data indicate that 35 to 65% of surface samples were positive (after
enrichment) for E. coli O157:H7 after 28 days of storage in vacuum packaging. Surface
swabs taken from these steaks after cooking produced no E. coli O157:H7 positive results
after enrichment and BAX® system analysis (data not presented in tabular or graphic
form).
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The proportion of internal steak samples from low inoculated subprimals positive
for E. coli O157:H7 after cooking to various internal temperatures and sample
enrichment are presented in Figure 8. Data analysis indicated that only raw steak samples
(not cooked; NC) were positive (25% of samples) for E. coli O157:H7. Moreover, data
analysis indicated the internal portion of steaks cooked to an internal temperature of 55,
60, 65, 70 or 75 ºC from low inoculated subprimals were devoid of E. coli O157:H7 after
samples were plated, as well as enriched and analyzed with the BAX® system.
The reduction of E. coli O157:H7 noted among lactic acid treated samples on day
0 in both the low and high inoculation trials is similar to results presented Echeverry et al.
(10), although Echeverry and coworkers started with a higher inoculation level of E. coli
O157:H7 (5.76 X 108 CFU/mL). Both studies showed a significant decrease in the
amount of E. coli O157:H7 present on the surface of the meat tissue when a lactic acid
intervention was used. Echeverry et al. documented that mechanical tenderization can
introduce bacteria into the internal portions of the meat tissue at high and low levels (10).
A recent study by Luchansky et al. also showed E. coli O157:H7 translocation
from the surface into the center of steaks of blade tenderized subprimals (21). Luchansky
and coworkers found that the majority of the pathogen carried into the steaks remained in
the topmost 1 cm of tissue (21). The authors concluded that cooking on a flat, heated
surface – the rarest part of the steak being the center – the majority of the bacteria would
be destroyed during cooking. While the Luchansky et al. study cooked their steaks on an
open gas grill, the results are similar (21). Gill and McGinnis suggested that having a
mechanical tenderizer with parts that have easy access for cleaning will reduce
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contamination (14). This has proven to be true when Luchansky et al. took samples off of
the mechanical tenderizer’s needles and recovered E. coli O157:H7 cells (21).
When steaks are cooked by surface heat, the exterior surface reaches higher
temperatures than the interior. In this trial, steaks removed from the grill at internal
temperatures of 55, 60, 65, 70, and 75oC were monitored for 5 min and peak temperature
was recorded. The trend was also monitored by Patel et al. that the higher the cooking
temperature the more inactivation of E. coli O157:H7 (25). Also that at each endpoint
cooking temperature survival of E. coli O157:H7 was always higher in steaks that were
mechanically tenderized verses steaks that were not mechanically tenderized (25).
Although the high inoculated steaks (105 log CFU/cm2) did produce a internal meat
samples that were positive for E. coli O157:H7 when cooked to 55, 60, and 70oC
internally after being ran through the BAX system which looks for DNA not necessarily
alive cells, the low inoculated steaks (103 log CFU/cm2) were all found to be negative for
E. coli O157:H7. Results from the present study agree with Gill et al., who noted cooking
to an internal temperature of 61oC was sufficient to destroy most of the bacteria in the
deeper portions of tissues (15). A second study by Gill et al. showed E. coli O157:H7 was
able to survive when steaks were cooked to internal temperatures of 60 oC, but no E. coli
O157:H7 was found when cooked to 65oC (16). The present study showed similar results,
with samples positive for E. coli O157:H7 found among high-inoculated samples cooked
to 55, 60, and 70oC with the 65oC internal temperatures yielding no positives. The single
positive sample found in steaks cooked to 70oC could be the result of contamination after
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cooking from the cutting board, knife or lab personnel; although strict procedures were in
place to avoid contamination with E. coli O157:H7.
USDA-FSIS mandates non-intact beef steaks must be cooked to a minimum of
68.3oC for 15 seconds to ensure that E. coli O157:H7 bacteria cells have been killed. This
project was conducted to determine the effect of 5% lactic acid on internalized E. coli
O157:H7 in non-intact beef steaks cooked to various internal temperatures. During this
project beef strip loin surfaces were inoculated with E. coli O157:H7 and treated with 5%
lactic acid. The strip loins were vacuum-packaged, and stored in the dark at refrigerator
temperatures for 21 days. Beef strip loins were then mechanically tenderized, cut into
steaks, re-packaged, and stored for another 7 days at refrigerated temperatures to mimic
industry practice. The steaks were then cooked to various internal temperatures (55, 60,
65, 70, and 75oC) or not cooked to serve as a control. After cooking, the interior of the
steaks were sampled for E. coli O157:H7. The results indicated that at low inoculation
levels (those typical of industry contamination levels) 5% lactic acid treatment, vacuum
packaging, refrigerated storage and cooking reduced E. coli O157:H7 to non-detectable
levels in needle tenderized beef steaks cooked to 55ºC or higher internal temperatures.
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Table 1. Effects of lactic acid on day 0 and day 21 of the experiment in beef strip
loins inoculated with a low and high level of E. coli O157:H7 (103 log CFU/cm2
and 105 log CFU/cm2, respectively).
E. coli O157:H7 (log CFU/cm²)
Day 0

Day 21

Treatment
Controla
Lactic Acida
SEM Controla
Lactic Acida SEM
High E. coli
Lean
4.05ab
2.92b
0.56
1.99a
1.51a
0.24
High E. coli
Fat
4.40a
2.83b
0.79
1.81a
0.86b
0.48
Low E. coli
Lean
1.23a
0.43b
0.40
0.16a
0.10a
0.03
Low E. coli
Fat
1.30a
0.04b
0.63
0.63a
0.27a
0.18
a
Data within days of aging are separate and distinct studies (not the same steak).
b
Means with difference letters within a row for each aging period differ
significantly (P < 0.05).
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Table 2. Effects of lactic acid on beef strip loin steaks inoculated with E. coli
O157:H7 (105 log CFU/cm2) subjected to mechanical tenderization after 28 days
of aging before cooking to various end point temperatures.
E. coli O157:H7 (log CFU/cm²)
Temperature ºC

Control

Lactic Acid

SEM

Raw

1.51a

1.15a

0.18

55

1.57a

1.14a

0.21

60

1.56a

1.23a

0.17

65

1.46a

1.06a

0.20

70

1.65a

1.26a

0.20

75

1.61a

1.28a

0.16

All
1.58a
1.20b
0.19
Means with difference letters within a row for each aging period differ
significantly (P < 0.05).
a,b
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Figure 1. Average cook time in minutes for all treatments to reach the desired internal
temperature, the peak temperature, and the average of total cooking time from
placement of steak on grill to the five minute period had ended.

32

Temperature oC

Texas Tech University, Cassandra Chancey, December 2010

80
75
70
65
60
55
50
45
40
35
30
25
20
15
10
5
0

Average Peak
Temperature

Average Ending
Temperature

55

60

65

70

75

Internal Temperatures oC

Figure 2. The average peak temperatures and average ending temperatures among the
different internal end-point cooking temperature treatment.
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Figure 3. Percent positive of steak surface swabs positive for E. coli O157:H7 from
inoculated steaks cooked to various internal temperatures. Beef strip loins were
inoculated on day 0 with 105 log CFU/cm2 of E. coli O157:H7 and treated by means of
mechanical needle tenderization and cut into steaks on day 21 and stored additional 7
days. For each temperature, individual steaks (n = 20) were analyzed and surface swabs
taken after cooking.
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Figure 4. Percent positive of internal meat samples positive for E. coli O157:H7 from
inoculated steaks after 28 days of storage under refrigerated conditions. Beef strip loins
were inoculated on day 0 with 105 log CFU/cm2 of E. coli O157:H7 and treated by means
of mechanical needle tenderization and cut into steaks on day 21. For each temperature,
individual steaks (n = 20) were analyzed and meat samples (25 g) taken after cooking
(meat samples analyzed with BAX system after cooking to various internal steak
temperatures).
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Figure 5. Percent postive of steak surface swabs positive for E. coli O157:H7 from
inoculated steaks before being cooked to various internal temperatures. Beef strip loins
were inoculated on day 0 with 103 log CFU/cm2 of E. coli O157:H7 were subjected to
treatment (lactic acid vs. control), needle tenderization, cut into steaks on day 21, and
stored an additional 7 days. For each temperature, individual steaks (n = 20) were
analyzed and surface swabs taken before cooking was done.

36

Texas Tech University, Cassandra Chancey, December 2010

30

25

Percent Positive

20

15

10

5

0
Raw

55

60

65

70

75

Internal Temperature oC

Figure 6. Percent positive of internal meat samples positive for E. coli O157:H7 from
inoculated steaks after 28 days of storage under refrigerated conditions. Beef strip loins
were inoculated on day 0 with 103 log CFU/cm2 of E. coli O157:H7 and treated by means
of mechanical needle tenderization and cut into steaks on day 21. For each temperature,
individual steaks (n = 20) were analyzed and meat samples taken after cooking (meat
samples analyzed with BAX system after cooking to various internal steak temperatures).
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Picture 1. Disposable template and swab sampling taken on the lean side of the beef strip
loin subprimals on day 0 and day 21. (Photo Credit: Alejandro Echeverry, Ph.D)

Picture 2. Disposable template and swab sampling taken on the fat side of the beef strip
loin subprimals on day 0 and day 21. (Photo Credit: Alejandro Echeverry, Ph.D)
3ϵ
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Picture 3. Mechanical tenderizeration of subprimal being tenderized from the lean side.
(day 21). (Photo Credit: Alejandro Echeverry, Ph.D)

Picture 4. Slicing of subprimal into uniform thickness steaks (day 21). (Photo Credit:
Alejandro Echeverry, Ph.D)
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Picture 5. Individually labeled steaks after being vacuum packaged on day 21. (Photo
Credit: Alejandro Echeverry, Ph.D)

Picture 6. Disposable template and swab sampling taken of the steaks prior to cooking on
day 28. The before and after cooking surface samples were taken the same way. (Photo
Credit: Alejandro Echeverry, Ph.D)
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Picture 7. Steaks threaded with the Type J wire prior to cooking on day 28. (Photo Credit:
Alejandro Echeverry, Ph.D)

Picture 8. Steaks placement on grill and into a labeled tray to wait the five minute rest
period. (Photo Credit: Alejandro Echeverry, Ph.D)
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Picture 9. Cutting guide used to take the meat samples. (Photo Credit: Alejandro
Echeverry, Ph.D)

Picture 10. Food processor labeled for a specific temperature, with meat in it ready to
grind. (Photo Credit: Alejandro Echeverry, Ph.D)
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CITY OF LUBBOCK
WATER QUALITY REPORT 2009
SUB-STANCE
BETA/PHOTON
EMITTERS
ALPHA
EMITTERS
RADIUM
226 & 228
COMBINED

MONITORING
DATE*

MCL

HIGHEST LEVEL
DETECTED

MC-LG

RANGE

REGULATED AT TREATMENT PLANT

SOURCES OF
CONTAMINATION

2005

50 pCi/L*

6.5 pCi/L

0

N/A

Decay of natural and man-made
deposits

2005

15 pCi/L

5 pCi/L

0

N/A

Erosion of natural deposits

2005

5 pCi/L

0.7 pCi/L

0

N/A

ARSENIC

2004 - 2005

10 ppb

4 ppb

0

BARIUM
CHROMIUM
CYANIDE

2004 - 2005
2004 - 2005
2009

2 ppm
100 ppb
200 ppb

0.15 ppm
6.7 ppb
70 ppb

2 ppm
100 ppb
200 ppb

FLUORIDE

2008 - 2009

4 ppm

1.46 ppm

4 ppm

2 - 4 ppb
0.10 - 0.15
ppm
0 - 6.7 ppb
30 - 70 ppb
0.63 - 1.46
ppm

Erosion of natural deposits
Erosion of natural deposits; runoff
from orchards

NITRATE

2009

10 ppm

1.10 ppm

10 ppm

NITRITE

2005

1 ppm

0.13 ppm

1 ppm

TURBIDITY

2009

TT = 5 NTU
TT = % of
samples <0.3 NTU

0.11 NTU

0

1.0 - 1.10 ppm
0.01 - 0.13
ppm
0.03 - 0.11
NTU

TT

3.30 ppm

TT

1.88 - 3.30
ppm

TOTAL
ORGANIC
CARBON

2009

Erosion of natural deposits
Erosion of natural deposits
Erosion of natural deposits
Runoff from fertilizer use; leaching
from septic tanks, sewage; erosion
Runoff from fertilizer use; leaching
from septic tanks, sewage; erosion
Soil runoff

100%

4ϰ

Naturally present in environment
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CHLORAMINES
TOTAL
TRIHALOMETHA
NE
HALOACETIC
ACIDS (5)

TOTAL
COLIFORM

2009

2009

60 ppb
11.6 ppb
N/A
<6.0 - 11.6 ppb
Presence of
coliform
bacteria in 5%
or more of the
monthly
samples
1%
0
0 - 1%
REGULATED AT THE CUSTOMERS' TAP
1.72 ppb (90th
percentile) No sites
15 ppb AL exceeded AL
0
0 - 6.91 ppb
0.103 ppm (90th
1.3 ppm
percentile) No sites
0.018 - 0.243
AL
exceeded AL
1.3 ppm
ppm
ADDITIONAL MONITORING
0.05 0.2ppm^
0.012 - 0.119 ppm
N/A
N/A

2009

COPPER

2009

SULFATE
TOTAL
DISSOLVED
SOLIDS

MRDL
0.6 - 3.8 ppm
G = 4.0
ppm
REGULATED IN THE DISTRIBUTION SYSTEM

80 ppb

2009

CHLORIDE

3.8 ppm

2009

LEAD

ALUMINUM

MRDL = 4.0 ppm

2009

31.0 ppb

N/A

<4 - 31.0 ppb

Disinfectant used to control
microbe

By-product of drinking water
chlorination
By-product of drinking water
chlorination

Naturally present in the
environment
Erosion of natural deposits;
corrosion of household plumbing
systems
Erosion of natural deposits;
corrosion of household plumbing
systems
Water Treatment Chemical

2009

300 ppm ^

266 ppm

N/A

N/A

Naturally occurring

2009

300 ppm ^

180 ppm

N/A

N/A

Naturally occurring

2009

1000 ppm^

848 ppm

N/A

N/A

Naturally occurring

4ϱ

Texas Tech University, Cassandra Chancey, December 2010

AMMONIA
CALCIUM
MAGNESIUM
SODIUM
NICKEL
ZINC
HARDNESS
CONDUCTANCE
TOTAL
ALKALINITY
CONTAMINANT
TOTAL
HALOACETIC
ACIDS
TOTAL
TRIHALOMETHANES
CHLOROFORM
BROMOFORM
BROMODICHLOROMETHANE
DIBROMOCHLOROMETHANE

2009
2004 - 2005
2004 - 2005
2009
2004 - 2005
2004 - 2005
2008
2009

N/R
N/R
N/R
N/R
N/R
5 ppm^
N/R
N/R

0.106 – 0.586 ppm
62 ppm
35 ppm
233 ppm
0.002 ppm
0.004 ppm
259 ppm
1650 micromhos/cm

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
59 - 62 ppm
14.1 - 35 ppm
N/A
N/A
N/A
218 - 259 ppm
N/A

Water Treatment Chemical
Naturally occurring
Naturally occurring
Naturally occurring
Erosion of natural deposits
Naturally occurring
Naturally occurring
Naturally occurring

2009
N/R
180 ppm
N/A
N/A
Naturally occurring
UNREGULATED INITIAL DISTRIBUTION SYSTEM EVALUATION FOR DISINFECTION BYPRODUCTS
YEAR

MCL

AVERAGE LEVEL

MC-LG

RANGE

2008

N/A

15.4 ppb

N/A

0 - 21.8 ppb

By-product of drinking water
disinfection

2008

N/A

31.9 ppb
N/A
UNREGULATED CONTAMINANTS

0 - 45.6 ppb

By-product of drinking water
disinfection

2009

N/A

4.8 ppb

N/A

N/A

2009

N/A

3.5 ppb

N/A

N/A

By-product of drinking water
disinfection
By-product of drinking water
disinfection

2009

N/A

9.5 ppb

N/A

N/A

By-product of drinking water
disinfection

2009

N/A

14 ppb

N/A

N/A

By-product of drinking water
disinfection
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SOURCE OF CONTAMINANT

