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CHAPTER |

INTRODUCTION

Food safety is an issue of increasing importance to the consumer. With each new
outbreak of a foodborne illness, consumer concern increases dramatically. In 1999,
Mead et al. estimated that foodborne diseases cause approximately 76 millgsed|ne
325,000 hospitalizations, and 5,000 deaths in the United States each year. Many of the
pathogens of greatest concern today (E€gmpylobacter jgjuni, Escherichia coli
0157:H7 Listeria monocytogenes, Cyclospora cayetanensis) were not recognized as
causes of foodborne illness 20 years ago (Mead et al., 1999). The causes of foodborne
illness are constantly changing as new pathogens are discovered and oldrsaéneg

phased out through effective use of antimicrobials and food safety guidelines.

With this in mind, the food industry continues to develop and examine new ways
to control and reduce pathogens in the food supply. Methods to reduce or inhibit Gram-
negative bacteria by food-grade compounds are of interest to the food industry due to
economic and public health concerns (Belifore et al., 2007). Suitable straingoof lact
acid bacteria must be identified for use in bio-preservation strategiesgbrrheat
(Jones et al., 2008). Acid decontamination of meat surfaces may reduce pathogens and
spoilage bacteria, thereby increasing shelf-life and reducing patemtfoodborne

illness (Acuff et al., 1987). Compounds that can inhibit pathogens at refrigerated
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temperatures are important. If these inhibitory compounds can be produced during
refrigerated storage, pathogens can be reduced or eliminated aftevdhproduct

reaches the supermarket (Brashears and Durre, 1999).



CHAPTER Il

REVIEW OF LITERATURE

Antimicrobial: Lactobacillus

Lactobacillus has been used for food preservation since ancient times due to the
production of a range of antimicrobial metabolites (Castellano et al., 2008)c aeid
bacteria have been shown to reduce the populations of foodborne pathogenssuch as
coli O157:H7 andsalmonella. In 2005, Smith et al. showed that selected strains of lactic
acid bacteria reducdg coli O157:H7 populations by 4-5 logs following 8 and 12 d of
storage. This study also showed an almost 4-log reductigairmonella by the same
strains of lactic acid bacteria. These lactic acid bacteria creat@petitive environment
by producing hydrogen peroxide, bacteriocins, and weak acids. Also, lactic eigideba
are capable of growing under a variety of conditions because they do not reqgi&a oxy
for growth, are resistant to carbon dioxide, and tolerate lower pH values thanrthe gra
negative bacteria found on meats (Egan, 1983). Addition of lactic acid bacteria to
refrigerated meat could inhibit pathogen growth due to the production of inhibitory
substances (Smith et al., 2005). This could also alert consumers to temperature abuse of
refrigerated foods, since the lactic acid bacteria will cause spoilgeng conditions of
temperature abuse, lactic acid bacteria will grow and produce acid thalievithe food

product (Brashears and Durre, 1999).



Lactic acid bacteria are approved for use by the U.S. Food and Drug
Administration (FDA) in fresh and processed meat and poultry products (Halle e
2009). Since these bacteria are generally regarded as safe for use in food,gtoslucts
creates an opportunity for lactic acid bacteria to be utilized as an aotmalcagent.
Lactobacillus can be used as an added natural antimicrobial compound. These cultures
can be directly added to ground beef and other meat and poultry products as a food safety
intervention as defined by the FSIS (Hoyle et al., 2009). The FDA does not have a lim
on the concentration of lactic acid that can be used; however, the USDA only allows it
be used at the lowest concentration necessary for the intended purpose (Kotula and

Thelappurate, 1994).
I solation: Lactobacillus

Due to the presence of lactic acid bacteria on multiple food products, various
methods of isolation have been usedUactobacillus. Isolation from fresh meat
products consists of a similar process regardless of the protein used. Sangresrate
or cut under sterile conditions and homogenized with a peptone water solution and then
allowed to enrich at room temperature for approximately 24 h. Serial dil@iermade
in peptone water and aliquots are plated onto MRS agar, and plates are incubated for 48 h
at 30C (Najjari et al., 2007). After growth, colonies are analyzed, purified, and then
stored until later usel.actobacillus can also be isolated from cooked products by a
method similar to the fresh meat procedure. A sample is addedttbacillus selection
broth, homogenized, and incubated at 32°C for 18 to 24 h, followed by cultures being
streaked onthactobacillus selection media and incubated for 48 h at 32°C ((Amezquita
and Brashears, 2002). Following this growth period, samples are streaked until pure

4



cultures are achieved.actobacillus strains can then be Gram stained and Catalase tested
for identification. The fermentation pattern of each isolated strain waslelesrmined by

the API system with API 50CHL medium for LAB (Amezquita and Brashears, 2002).
The isolated strains can also be identified by ARDRA (amplified ribosoikal D

restriction analysis) and 16S rDNA sequence analysis (Najjari, @08i7).

Lactobacillus strains can also be isolated from plant products using a method
similar to those used on meat products. In 2004, Wilderdyke et al. described a procedure
where samples from alfalfa sprouts were stomached in MRS broth and thendstnetake
MRS andLactobacillus selective agar and incubated at 37°C for 24 h. After incubation,
isolated colonies were inoculated into MRS broth and incubated for 24 h at 37°C; the
isolated colonies were cultured repeatedly until uniform in growth and colaay siz
Following isolation, strains were subjected to Gram stain and catalasg,tasiil then
evaluated using the APl with 50CHL medium for lactic acid bacteria (Vdijdteret al.,

2004).

OncelLactobacillus strains have been isolated, the selection of the appropriate
strain is an important part of the antimicrobial application process. Strayns\heir
ability to inhibit microorganisms; some inhibit during growth, others duringgestited
storage, and some do not inhibit microorganisms at all. Brashears and Durre (1999)
determined that it is essential that strains be selected that inhibit the pathayese
storage, and do not alter the food, except during temperature abuse. Leisner et al. (1995)
feels that two criteria should be considered when using lactic acidibdotextend the
storage life of beef: strains must be able to grown and inhibit unwanted micresongani
and strains should never cause spoilage of the product.
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Application

Lactobacillus bacteria can be applied to meat products in various ways. Spraying
and dipping are two of the main methods of inoculation. Laboratory sprayers, handheld
sprayers, paint sprayers, and spray cabinets have all been utilized thapitgcillus.

In 1987, a study by Dixon et al. used a Chromist laboratory sprayer to apply 1.0 mL of
acid to a steak placed on sterile foil. Distance and time were measuredrsans
consistent amount of bacteria was sprayleattobacillus cells diluted in saline were
applied to steaks using a hand-operated spray bottle in a study performestdijaa et

al. in 2008. This hand spray application applied a final concentratior! cful on the
steak surface. Pressurized paint spray guns have also proven effectiapphlcation
method. Acuff et al. (1986) used stainless steel paint spray guns powered by a 50 psi
nitrogen cylinder to applizactobacillus to whole strip loins. Commercial antimicrobials
have also been tested agaigalimonella andE. coli on bottom sirloin butts. A solution

of 2.5% Beefxide was applied to beef tips placed in a sanitizing spray cabimateaba

0.305 m/2.5 s (Laury et al., 2008).

The dipping method of inoculation has been utilized in several studies. Steaks
were dipped in either 0.6% or 1.2% lactic acid at a temperature of 1 to 2°C for 20 s or
120 s and samples were allowed to drip for 1 min to remove excess solution, and then
packaged into freezer bags (Kotula and Thelappurate, 1994). Dipping has also been used
on smaller pieces of meat. Leisner et al. (1995) utilized sterile wire hoskspend
beef slices and immerse them in a bacterial solution containing a badésrsatly of log

2 CFU/cnffor 15 s. This study did not specify a time allowed for excess solution to drip



off the meat surface, and samples were immediately placed into packagimgher

analysis.
Packaging and Storage

Fresh meat is packaged in a variety of ways from vacuum packaging to PVC
overwrap. Studies have utilized a variety of these methods to analyze the @ffect
Lactobacillus. Most samples used for subjective color analysis are overwrapped with a
plastic film. Steaks were placed in foam trays and overwrapped with poly-tioyide
film with an oxygen transmission rate of 6500c%2dh and a moisture vapor
transmission rate of 341-419d¢t&h (Dixon et al., 1987). Some subjective color
samples can also be placed in modified atmosphere packaging (MAP). Modified
Atmosphere Packaged steaks are placed in rigid plastic trays and coitbregygen-
barrier film with 100% relative humidity and an oxygen transmission rate afass
20.0mL/24h/Mand a moisture vapor transmission rate of less than 00.1g/24h/ 645.2cm

(Grobbel et al., 2008).

Vacuum packaging is normally used in product storage for transportation or
aging, mostly in the case of whole subprimals. In the study by Acuff é987), loin
sections were placed into a bag with an oxygen transmission rate of 7/8dt/iand a
moisture vapor transmission rate of 9.3g#4h, and the bag was then vacuum packaged
using a Cryovac® 8300 vacuum packaging machine and a heat shrink tunnel. Ground
beef were vacuum packaged by a Koch model 88045 vacuum packaging machine in

straight vacuum seal bags in a study by Smith et al. (2005).



Color Evaluation

Subjective color evaluation of steaks is normally used as an indicator ofqualit
Consumers tend to purchase meat based on color. Consumers use color as an indicator of
freshness and the eating potential of the cooked product (Forbes et al., 1974).

Applications ofLactobacillus have been shown to have little to no effect on the color of
meat placed in a retail display. In 1987, Acuff et al. found only minor differences
between overall appearance scores of acid treated and control strip steauilar

results for lean color, fat color, and surface discoloration. Dixon et al. (1987) found no
differences in lean color, surface discoloration, fat color, and overall appear&€

or vacuum packaged acid treated and control steaks. However, a study donel®dy Kot
and Thelappurate in 1994 resulted in acid treated steaks being lighter in coltvethan t

untreated control steaks.

Sensory Evaluation

Treatment witH_actobacillus has been shown to have only a marginal effect on
the sensory properties of meat. In 1995, Smith et al. determined that panelists could not
detect a difference in treated and untreated ground beef after three dayagé.
Kotula and Thelappurate (1994) showed that both acid treated samples did not differ
from control in tartness, flavor, and overall acceptability. However, both aciddreat
samples were less juicy than the control, and the lactic acid treated samygastv
different from the control in regards to tenderness. Steaks in the Castékdn@@10)
study showed no flavor differences between lactic acid treated saamplesntrol

samples until after 30 d of storage. Control and saline treated samples displayid,



liver, and acid off flavors at storage d 40 and 50. This showed that the acid treated
samples performed better at the end of storage than both the control and saline treated
samples. Smith et al. (2005) also demonstrated that lactic acid bacteria hizense a

effects on the sensory properties of ground beef.
Aerobic Plate Counts

Plate counts of acid treated and untreated controls have also been shown to have
little differences. In 1987, Acuff et al. found that surface bacteriologmahts (APC
logi¢/ cnf) and percent distribution of microbial types on both control and acid sprayed
strip loin steaks were not different. Also in 1987, Dixon et al. determined no diffsrence
in aerobic plate counts between control and acid treated steaks that were\é@he
overwrapped or vacuum packaged. Conversely, Kotula and Thelappurate (1994)
discovered a lower total CFU in samples treated with lactic acid wimepazed to an
untreated control and the 1.2% application of lactic acid applied for 120s had the lowest
counts with 1.7 log lower than the control. Hoyle et al. (2009) found that lactic acid
bacteria inoculated samples had higher total aerobic plate counts than thes control

initially, but counts became similar towards the end of the study.
Lactic Acid Bacteria Plate Counts

Lactic acid bacteria have mostly been shown to increase in number during
storage. Castellano et al. (2010) discovered that lactic acid bacteria cotedsenc
from 6.10 to 8.40 log CFU/g during storage on steaks inoculated with lactic acid bacteria
Fadda et al. (2008) showed similar results with an increase of 1 and 2 log afige stor

7°C for 15 days in a vacuum package. Hoyle et al. (2009) noted that the populations of



lactic acid bacteria in the inoculated samples did not show an increase ovier Bx@

overwrapped trays stored in a retail case.
TBARS and pH Evaluation

Thiobarbituric acid assay (TBA) values do not appear to have been a subject for
evaluation in current literature; however, pH is determined in order to compare aci
production of the_actobacillus strains. Lactobacillus has been shown to have little to no
effect on the pH of meat during storage. No significant differences in pHfowerd
between the control and treated vacuum packaged ground beef after 3 d of storge (Sm
et al., 2005). Dixon et al. (1987) also showed no differences in pH between the control
and treated steaks. Leisner et al. (1995) showed that the surface pH ofrijge$ sa
inoculated with 2 log CFU/cfnvere not different from the control in vacuum packaged
samples. Once the vacuum was removed and samples were placed in aergeictetora
samples treated with lactic acid bacteria had a lower pH. Castellan@2&1®) also
showed a decrease in pH of vacuum packaged, lactic acid bacteria treated séeple

60 d of storage.
Shelf Lifeand Lactobacillus

The utilization of lactic acid bacteria as an antimicrobial agent has thetiabto
aid in the improvement of shelf life for the meat industry. Acid decontamination of
vacuum packaged subprimal cuts had little or no effect on the shelf life of thengesult
steaks (Acuff et al., 1987).actobacillus strains have been shown to contribute to meat
aging through small peptides and free amino acid release (Fadda et al., 2@di8)adia

bacteria cause flavor and texture changes with a preservative effebtnebilts in an
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increase in the shelf life of the product (Hugas, 1998). In 1995, Leisner et al. found that
storage life of vacuum packaged samples inoculated with log 2 CEW/asin excess of

10 weeks, regardless of the strain used to inoculate the samples. Castellaf2® &0l
determined thatactobacillus curvatus CRL705 could be utilized as an additional hurdle

to improve storage life of vacuum packaged beef without affecting sensoryeguailit

the meat. However, little research has been done to determine shelf lifatithatas

PVC overwrapped for a retail display.
Summary

Food safety will continue to be a concern to the public, meat producers and
retailers. Lactic acid bacteria have been proven to reduce microbial azstiamin
meat and meat products. Applicationd.aftobacillus are approved for use by both the
USDA and FDA, and should be utilized to protect the food supply. Prior research
suggests that applicationsladctobacillus have little to no effect on the sensory
characteristics of meat, but have an added benefit of improving shelf life. velQuae
majority of these studies have been performed on ground product and whole subprimals.
Therefore, research on the impacts of an applicatidaaibbacillus to retail wrapped

product is needed in the future.
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CHAPTER IlI

EFFECTS OF AN APPLICATION OEactobacillusON THE QUALITY AND

SENSORY CHARACTERISTICS OF BEEF AND PORK
A.L. Sharp, D.L. VanOverbeke, G.G. Hilton, and J.B. Morgan
Oklahoma State University, Stillwater, OK 74078

ABSTRACT

Food safety is an ever increasing concern for consumers and producers alike.
Therefore, the objective of this study was to determine the effects of acasippl of
Lactobacillus on the sensory and quality characteristics of both beef and pork. Beef strip
loins (n = 10) and boneless pork loins (n = 10) were obtained and aged for approximately
one week. Steaks/chops were cut and treated with a solution containing apptgximate
10 cfu/ml of aLactobacillus bacterium. Samples designated for d 0 analysis were either
frozen or analyzed immediately. Samples for d 3 and d 6 were placed into the retail
display case. Steaks/chops were evaluated for subjective color, sensory, pH,
thiobarbituric acid reactive substances (TBARS), aerobid_aabacillus plate counts.

No significant differenced(> 0.05) for treatment effects were found for subjective color
analysis in beef and pork. Sensory, pH, and TBARS also did not display a significant
treatment effect in beef and pork. Aerobic &adtobacillus plate counts showed a
treatment effecti < 0.05); however, plate counts for d 3 and d 6 were determined to be
the same in both control and treated steaks. Plate counts from d 6 were shown to be

significantly P < 0.05) different from both d 0 and d 3 in pork chops. In this study, an
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application ofLactobacillus by dipping was proven to have no significant treatment

effect on the quality and sensory characteristics of beef strip steaks ardipatops.

INTRODUCTION

Food safety is an issue of increasing importance to the consumer. With each new
outbreak of a foodborne illness, consumer concern increases dramatically. In 1999,
Mead et al. estimated that foodborne diseases cause approximately 76 millgsed|ne
325,000 hospitalizations, and 5,000 deaths in the United States each year. The causes of
foodborne illness are constantly changing as new pathogens are discovered and old
pathogens are phased out through effective use of antimicrobials and food safety
guidelines. With this in mind, the food industry continues to develop and examine new
ways to control and reduce pathogens in the food supply. Suitable strains ofcidctic a
bacteria must be identified for use in bio-preservation strategies $brrireat (Jones et
al., 2008). Acid decontamination of meat surfaces may reduce pathogens and spoilage
bacteria, thereby increasing shelf-life and reducing potential for fooehlbrass (Acuff
et al., 1987). Therefore, the objectives of this study were to determine wittd affe
application ofLactobacillus bacteria would have on the quality and sensory

characteristics of beef and pork products.

MATERIALS AND METHODS

| solation of Lactobacillus

ThelLactobacillusisolated from beef was found in modified atmosphere packaged
(MAP) ground beef that had been refrigerated for approximately two weeks. ihgllow
this period of refrigeration, samples were prepared using the following precedur
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following sterile removal from package, 50 g samples were placed into acbiemiiag

and 450 ml of peptone water was added. Samples were then homogenized in a stomacher
unit for 2 min (Contents of this bag are 1 @ollowing homogenization, 1 ml was

removed from the side of the filter that did not contain the meat and placed onto a plate
containing either deMan, Rogosa, and Sharp (MR&adobacillus selective(LBS)

media. Also, 1 ml of solution was removed from the stomacher bag to begin a serial
dilution. This 1 ml was added to 99 ml of peptone water and 0.1 ml was then plated.

From this initial bottle, 1 ml was removed and added to a new bottle containing 99 ml of
peptone water and 0.1 ml was plated from this second dilution bottle. Plates were

shaken with glass beads to distribute the sample, were taped together, anédncubat

anerobically for 48 h at 3€.

Following incubation, a colony from the MRS plates was transferred into tubes
containing Trypticase Soy Broth (TSB) media. The tubes were then refeigerat
overnight at 37°C. The following day, a sterilized loop was used to streak MRS and
LBS onto Trypticase Soy Agar (TSA) plates in a zigzag pattern. Platestiaen
incubated for 48 h at 37°C. After incubation, a colony was removed from each plate and
placed into TSB tubes. Tubes were incubated at 37°C. Following this, a sample was
removed from the tubes using a sterile loop and streaked onto plates. Plates were
incubated 37°C for 48 h.  After this final incubation on plates, a sterile needle was used
to select a colony from the plates and the needle was stabbed into a tube con&ning T
stab media. The inoculated stab media were refrigerated until regrowth for ttestNpi

identify the type of.actobacillus.
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Isolation ofLactobacillus from ground pork was conducted in a similar manner;
however, the amount of sample and the enrichment media used were changed to
accommodate pork products and isolates. Approximately, 100 g of ground pork and 200
ml of MRS broth were placed into a stomacher bag, and samples were homogenized in a
stomacher unit for 2 minutes. After homogenization, 0.1 ml was removed from the side
of the filter that did not contain the meat and placed onto a plate containing MRS agar.
Also, 1 ml was removed from the stomacher bag and added to 9 ml of peptone water to
create a 1:10 dilution. An additional 1:10 dilution was made using the first dilution tube,
and both dilutions were plated on MRS agar in duplicate using 0.1 ml of solution. Plates
were shaken with glass beads to distribute the sample and were taped togkther a
aerobically incubated for 48 h at°€7 The stomacher bags containing the ground pork
and MRS broth mixture were also allowed to enrich overnight. The following morning a
dilution scheme was conducted using seven tubes each containing 9 ml of peptone water.
For the first tube, 1 ml of solution was transferred directly from the baghetube, the
tube was then vortexed, and 1 ml was removed to be placed into the second tube. Serial
dilutions were carried out through thedilution. All dilution tubes were plated onto
MRS agar using 0.1 ml, and initial plating was done using the enriched solutioes Plat

were then aerobically incubated for 48 h diG37

Following incubation, a colony from the MRS plates was transferred into tubes
containing TSB. The tubes were then refrigerated overnight at 37°C. The following
day, a sterilized loop was used to streak MRS and LBS onto TSA plates in@ zigza
pattern. Plates were then incubated for 48 h at 37°C. After incubation, a colony was

removed from each plate and placed into LBS or MRS tubes. Tubes were incubated at
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37°C. Following this, a sample was removed from the tubes using a sterile loop and
streaked onto plates. Plates were incubated 37°C for 48 h.  After this final incubation
on plates, a sterile needle was used to select a colony from the plates amdilhevas
stabbed into a tube containing TSA stab media. The inoculated stab media were

refrigerated until regrowth for the Api test to identify the typéadtobacillus.

Lactobacillus | dentification

Identification ofLactobacillus was conducted in the same way for beef and pork.
To prepare samples for the Api test, a sterile loop was used to remove bemtetize
stab. The bacteria were then streaked onto MRS plates and incubated aneiatbically
37°C overnight. The following day colonies were selected from the plates, Gxiam st
and Catalase tests were performedctobacillus bacteria have been shown to be Gram
positive rods and catalase negative. Colonies were selected from each plaseead pl
into three different test tubes containing MRS media. One test tube was idcatbate
42°C, one in a water bath at’§ and one in a water bath af@5 Following overnight
incubation, all tubes were observed for growth. Samples that grew under all three

temperatures were then used for Api testing.

Api testing was done following the procedure in the Api Ch 50 manual. The
MRS tube containing the sample was vortexed, and then poured into a sterile centrifuge
tube. Tubes were centrifuged for 5 min at 4000 rpm 8@d Zhe supernatant was
removed and 10 ml of peptone water were added to the tube to wash the pellet and
remove MRS media. Tubes were centrifuged again for 5 min at 4000 rprfiGand 4

Supernatant was again removed, making sure to leave the pellet in the tube. Next, 10 mi

16



of Api CHL 50 media was poured into the tube with the pellet and vortexed to mix
thoroughly. To prepare the tray for the Api strips, about 10 ml of deionized water was
added to the wells in the bottom of the tray to create a moist environment. Usinlga ste
pipette, the suspension was dispensed into the tubes in the Api strip. Once filled, the lid
was put on the tray and the tray was incubated anerobically@f&724 and 48 h. The

trays were observed for changes in color (yellow +, green -) at both 24 and 48 h. Also, if

the number 25 well is positive it will turn black in color.

The ground beef samples were positively identified using the Api identification
software ad.actobacillus plantarum. The ground pork samples were identified as
Lactobacillus brevis using the Api software, in addition to a positive gram stain and

negative catalase test.

Preparation of Treatment Solutions

Treatment solutions for both beef and pork were prepared using the following
method: a sterile loop was used to remove bacteria from the stab. The bacetizewer
streaked onto MRS plates and incubated anerobically’@t @#ernight. Following
incubation, a single colony was selected using a sterile loop and used to inadilatd
tube containing MRS broth. This tube was then incubated overnight@t 3he next
day, 1 ml was removed from the 10 ml tube and added to 100 ml of MRS broth which
was then incubated overnight a@7 Following this last incubation, 50 ml of inoculated
MRS was added to 450 ml of 0.1% buffered peptone water to makediobacillus
treatment solution, which had an initial inoculation level dfct0/ml. The solution was

inverted to thoroughly mix it, and was then placed on ice until sample inoculation. The
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control solution was made by sterilizing 500 ml of deionized water, which was also

placed on ice until product inoculation.

I noculation of Product

United States Department of Agriculture (USDA) Choice Strip LoinBS\W 180
(n=10) were obtained from Creekstone Farms in Arkansas City, KS, transported to the
OSU Food & Agricultural Products Center (FAPC), and were aged for approkirhate
week. Each strip loin was then fabricated into 12 - 2.54 cm steaks with the first 6 steaks
receiving thd_actobacillus treatment and the last 6 steaks receiving the control.
Treatment and control steaks were each placed on separate tables tanmeatnant.
Treatment and control steaks were inoculated using the same procedure. Either the
Lactobacillus solution or sterile water was added to a clean MAP tray. Sterile tongs were
used to lift the steak and then release it into the solution for a standard time of 5 sec.
Steaks were then removed from the solution and allowed to drip for 10 sec before being
randomly placed into a pre-labeled styrofoam tray. Trays were labeledayit(O, 3, or
6), and method of analysis (Thiobarbituric Acid Reactive Substances (TBARS) and pH,
aerobic and lactic acid bacteria plate counts (APC/LAB), sensory @&eal(S8EN), or
subjective color evaluation (Color). All d 0 samples designated for pH, TBARS, and
sensory were vacuum packaged and frozen until further analysis. Plate cousssampl
both APC and LAB, samples were taken to the microbiology labs in FAPC for analysis

Sensory d 6 samples were also used for subjective color analysis.

United States Department of Agriculture (USDA) boneless pork loins IMPS # 413

(n = 10) were obtained from Ralph’s Packing Company in Perkins, Ok, transported to
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the OSU Food & Agricultural Products Center (FAPC), and were aged for apptekim
1 week. After aging, the pork loins were fabricated into 12 - 2.54 cm chops and treated

in the same manner as the strip loin steaks.

Simulated Retail Display

Following treatment, all d 3 or d 6 samples were placed on a styrofoam thay wit
a soaker pad and were over-wrapped with a polyvinyl chloride film (PVC)sTvaye
placed into the coffin style display case which was maintained at 2°C + 1°C, under
lighting conditions (Philips Delux Warm White Florescent lamps) for 24 h penel. T
meat surface was exposed to 900 to 1365 lux as recommended by AMSA (1991). Steaks
and chops designated for color evaluation were subjectively evaluated forttrdboites
at 12 h intervals until 6 d of retail display. Samples designated d 3 were pulieicgfte

of retail display and d 6 were pulled after 6 d of display.

Subjective Color Evaluation

A trained panel of five Oklahoma State University personnel evaluated subjecti
color. Panelists were trained using Munsell color tiles and were requirectigerac
passing score before being used as a panelist. A set of 20 steaks and chops were
evaluated for subjective color, and were vacuum packaged and frozen after 6 d of display
Panelists assigned scores to each steak/chop for muscle color, surfaceatisnpbnd
overall appearance at every evaluation time. Muscle color (8 = extrengy ¢herry-
red; 1= extremely dark red), surface discoloration (7 = total discoloration (1Q024)o
discoloration (0%)), and overall appearance (8 = extremely desirablestlemely

undesirable) were described as outlined by the Guidelines for Meat Colortibralua
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(AMSA, 1991). For pork, a 6-point scale (6 = very dark purplish-red; 1 = very pale) was
utilized to describe muscle color, with the scales for surface discoloration amadl over

appearance remaining the same as those for beef.

Sensory Analysis

Sensory analysis and preparation followed the AMSA guidelines (AMSA, 1995).
Samples were assigned a randomized number for sensory sessions. Steaksfehops w
allowed to temper in a cooler at 4°C for 24 h before cooking. Steaks/chops were cooked
on an impingement oven (XLT Impinger, Model 3240-TS, BOFI Inc., Wichita, KS) at
204.4° C to a final internal temperature of 70°C determined by an Atkins AccuTuff 340
thermocouple (Atkins Temtec, Gainesville, FL) as the steaks/chops exited the oven.
Samples were then sliced into approximately 2.54 cm x 1.27cm x 1.27cm cubes and
served warm to panelists. Preparation of pork samples followed the same prasedure

the beef samples.

Sensory attributes were evaluated by a five member trained panetiogrsis
Oklahoma State University personnel. Panelists were trained for tendeoressctive
tissue, and juiciness. Panelists were also trained to evaluate beef andvoorlafiavell
as painty/fishy and livery/metallic off flavors. Sensory sessions vafermed three
times over a period of two days and contained 20 samples per session. Samples were
evaluated using a standard ballot provided by the AMSA guidelines (AMSA, 1995).
Panelists were asked to evaluate each sample in duplicate to determahgiicitiess
(1J) and sustained juiciness (SJ), initial tenderness (IT), amount of ddtemdanective

tissue (CT), and overall tenderness (OT), all using an 8-point scale. For thegsiic
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factors the scale was 1= extremely dry and 8= extremely juicy. Thefecdl and OT
was 1= extremely tough and 8= extremely tender, and the score for CT was 1=nabunda
and 8= none. Beef/pork flavor and off flavors were evaluated using a 3 point scale (1 =

not detectable; 3= strongly detectable).

Panelists were randomly seated in individual booths in a temperature and light
controlled room. During serving the panelists were under red filtered lightggsssed
by AMSA (AMSA 1995). The samples were served randomly to each panelist. The
panelists were provided distilled, deionized water and crackers with unsalted tops

cleanse the palate.

Thiobarbituric Acid Reactive Substances

Steaks and chops were tempered in a cooler at 4°C for 24 h before evaluation.
Lipid oxidation was evaluated by TBARS using the modified method of Buege and Aust
(1978). A 10 g sample was placed in a blender (model 51BL31, Waring Products, INC.,
Torrington, CT) and homogenized with 30 ml of cold deionized water and then poured
into a disposable tube. Each tube was centrifuged at 7°C and 3000 rpm for 10 min. Two
ml of supernatant was pulled from the tube and placed in a glass test tube in duplicates
Prior to the addition of the supernatant, 4 ml of thiobarbituric acid/trichloroacalic a
(TBA/TCA) and 100 ul of butylated hydroxyanisol (BHA) were added to each tube.
Tubes were vortexed and incubated in a boiling water bath for 15 min followed by a 10
min cold-water bath. Tubes were then centrifuged for 10 min at 25°C at 3000 rpm. The
absorbance was read at 531 nm. Standard curves were replicated using 1,4,3,3-tetr

ethoxypropane (TEP). The amount of lipid oxidation was measured in duplicate for each
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steak and the average absorbance reading was used for each sample. Results wer

conveyed as mg of malonaldehyde per kg of sample.

pH

The pH for each sample was measured using the same steak or chop used for
TBARS analysis. The pH was measured using a Model 1Q150 handheld
pH/mv/temperature meter by 1Q Scientific Instruments, 2075-E Corfdaigll,

Carlsbad, CA with a PHO5-SS Heavy Duty Meat Handle Stainless Steebpl. Pfhe
probe was inserted into the sample and then a pH reading was taken. Probengds clea

with distilled water and wiped dry before each use.

APC and LAB Plate Counts

Plate counts were conducted for all bacteria (APC)Latbbacillus (LAB).
Counts were doneon d 0, d 3, and d 6. Samples were removed from the retail case and
then removed from their package and halved using a sterile knife and cutting board. One
half of the sample was then vacuum packaged and frozen for TBARS and pH analysis at
a later date and the other half was put into a sterile filter membrane Vakidgg and
placed on ice. Plate count samples were then taken to the microbiology lab in the FAPC
Once in the FAPC lab, 50 ml of 0.1% buffer peptone water was added to each Whirl-Pak
bag and the bags were massaged to suspend the bacterial cells. For&asdrigbt
dilutions, 1 ml was removed from the side of the filter bag that did not contain the meat.
This 1 ml was then added to a tube containing 9 ml of 0.1% buffer peptone water and
vortexed (contents of this tube were labeled as -1). Serial dilutions weesl carr

through 4 tubes for d 0 in beef and pork, and 0.1 ml was removed from each of the last 3
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tubes and placed in duplicate onto plates containing either APC or MRS media. Plates
were then taped and incubated for 48 h at 37°C. Following incubation plates were
counted using a lighted plate counter. Plate counts were repeated on d 3 using 6 dilution
tubes in beef (plating the last 3 tubes) and 4 dilution tubes in pork (again plating ghe last
tubes). On d 6, beef counts were plated using the last 3 tubes from 7 dilutions and pork
counts were plated using the last 3 tubes from 6 dilution tubes. Counts were then entered
into a spread sheet and the log cfifieras determined using each samples specific

dilution factors.
Statistical Analysis

Data were analyzed using the MIXED model of SAS (SAS Inst. Inc., Cary, NC
The analysis of variance model for color attributes were analyzed usipgaae
measures model with time as the repeated measure, identification numberuageitte s
and treatment as the fixed effect. The analysis of variance model forysgatsor
TBARS, aerobic antlactobacillus plate counts were analyzed using a mixed model with
sample and panelists (when appropriate) as the random effect, day as the gaig var
and treatment as the fixed effect. Aerobic hadobacillus plate counts were also
examined by day using/+ 2 SEM to determine if means overlapped. All models also
included primary and secondary interaction effects. The least squares means wer

separated using a pairwise t-test when the model displayed a treati@entief 0.05).
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RESULTS AND DISCUSSION

Subjective Color Evaluation

The treatment by hour interaction was not significR# 0.05) for muscle color,
surface discoloration, and overall appearance for strip loin steaks. As shoalienlT
control steaks has a slightly higher average muscle color over all tindgdyut the
difference was not significant. Kotula and Thelappurate (1994) also foundithat ac
treated steaks were found to be lighter in color than control steaks. Control and
Lactobacillus treated steaks showed a similar progression toward an increased area of
surface discoloration, with no significance associated with treatmentalOsgpearance
of control and treated steaks decreased in a similar manner over the obsesveTthihe
1 also shows that steaks treated Witlotobacillus had a numerically higher overall
appearance at the end of retail display. This higher overall appearanceesdigatater
desirability, but the values were not significantly differéht>(0.05). These results are
supported by Acuff et al. (1987) who found only minor differences between the overall
appearance scores of acid treated and control strip steaks with similsr fiedean

color, fat color and surface discoloration.

The treatment interaction was also not signific&w .05) for subjective color
evaluation of pork loin chops. Table 2 shows that controLantbbacillus treated
steaks has similar values for muscle color, surface discoloration, and apgedirance.
Muscle color of the chops remained close to a 3 (slightly pale) for controlesateddr
steaks for the duration of retail display. All chops displayed no surface digimoiora

until 120 h, and only showed slight discoloration from 120 h until the end of display.
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Control and treated chops also displayed similar values for overall appearance ove

display time; however, the results were not significant.

Sensory Analysis

Control and_actobacillus treated steaks showed no treatment differences in initial
and sustained juicinesB ¢ 0.05). Treated steaks had slightly lower initial and sustained
juiciness values than control steaks (Table 3), and this is supported by Kotula and
Thelappurate (1994). Treated samples in this study were shown to be less juicg than th
control steaks. No significant treatment differenées 0.05) were seen in first
impression and overall tenderness, as well as, connective tissue in the péeihstri
steaks. Table 3 shows that treated steaks had slightly higher values fotigertrsstie,
which means a smaller amount of connective tissue. Control and treated steaks had
similar values for first impression and overall tenderness. This was deateddiy
Kotula and Thelappurate (1994) in a previous study, where they found that lactic acid
treated samples were not different from the controls in regards to tenderneks4 Ta
displays the means for intensity of flavor attributes of strip steakeatnent. Control
andLactobacillus treated steaks were not shown to be significantly different in regards to
off flavors (P > 0.05). Steaks showed similar values for beef flavor, as well as,
painty/fishy and metallic off flavors. A study by Castellano et al. (2010) fduatd t
control and treated samples displayed no differences in flavor until after 30 d gestora
Since the steaks for this current study were only stored for approximatelyaeks, off

flavors do not seem to be an issue.
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Sensory evaluation of the pork chops showed similar results to the beef steaks.
Table 5 shows no significant differenc&>0.05) in initial and sustained juiciness
between control and treated chops. Numerical values for both were similar, even when
looking at the specific days. As shown in Table 5, tenderness and connective tissue
values were also not significant in regards to treatment gRu@(05). Lactobacillus
treated chops had slightly higher values for first impression and overalfriesdeand
both groups showed similar results for the amount of connective tissue. Least squares
means for intensity of flavor attributes are shown in Table 6. Pork flavor values we
similar for both control and treated chops; and were more predominant than the described
off flavors. Painty/fishy and livery/metallic off flavors were only kBtlg shown to be

present with values of approximately 1 (not detectable).

pH

Data for pH evaluation of strip steaks is displayed in Table 7. No significant
differences P > 0.05) were observed in regards to treatment for pH. A study by Dixon et
al. (1987) showed no differences in pH between control and treated steaks. Control
steaks had slightly higher pH values on d 3 and 6 when compared to treated steaks. This
has been previously shown by Leisner et al. (1995). This study found that vacuum
packaged samples treated with lactic acid bacteria have a lower pkeaftaral from

the vacuum.

The values for pH evaluation of pork chops are shown in Table 8. The pH

evaluation of pork chops showed no significant differenBes @.05) in treatment effect.
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Lactobacillustreated pork chops displayed a slightly higher pH value when compared to

control chops on all observed days.
Thiobarbituric Acid Reactive Substances

The TBARS evaluation for steaks and chops showed no significant treatment
effect @ > 0.05). Steak data is displayed in Table 7 and mg of malonaldehyde per kg of
sample are shown to increase with d of display for control and treated steaks.
Lactobacillus treated steaks showed slightly higher MDA values when compared with the
control. This contradicts the results of a study performed by Hoyle-Parkg20Hl)
which looked at lactic acid bacteria and ground beef. This study found that TBARS
tended to be lower in treated samples than the control. The TBARS data for chops (Table
8) also displayed an increase; however, it was on a much smaller scale. The mg of
malonaldehyde per kg of sample only increased approximately 0.1 over 6 d of display.
This increase was also observed in a study by Shrestha and Min (2004) with TBARS
values increasing with increased concentrations of lactic acid and iedmags of

storage.
APC and LAB Plate Counts

Plate count data shown in Table 9 for steaks and Table 10 for chops displayed the
only significant differenced(< 0.05) in treatment effect for this study. Aerobic plate
count and_actobacillus (MRS) plate count data for strip steaks were shown to increase
over time in both control arldactobacillus treated samples from d 0 to d 3. Thedog
cfu/cnf then decreased from d3 to d 6 for all counts except control APC. When plate

count evaluation data was compared usifg?+SEM, d O control plates were different
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(P < 0.05) from d 3 and d6 for both control drattobacillus treated steaks. However, d

3 and d 6 counts were determined to be the same for both APC and MRS in control
steaks. For treated steaks, d 0 was found to be the same as d 6 but dHfer@nts)

fromd 3 in APC and MRS. Plate counts for d 3 and d 6 were determined to be the same
in treated steaks. This shows that plate counts did not increase significamtiy3rto d

6. Also, inLactobacillustreated steaks, counts from d 3 and d 6 were the same. The
level of bacteria on both the control and treated steaks did not significanttyecinahe

last 3 d of storage. Previous studies contradict the data for aerobic plate duftset

al. (1987) found that surface counts (ABGi/cm?) on control and acid treated steaks

were not different. Also, Dixon et al. (1987) found no differences in aerobic plate counts
between control and treated steaks. Initial counts for APC were higher foedke st

treated withLactobacillus, and this is shown in a similar study by Hoyle et al. (2009).
Lactobacillus (MRS) plate counts have been shown to increase during storage, as shown
in this study from dO to d 3. Castellano et al. (2010) and Fadda et al. (2008) both found

an increase in lactic acid bacteria counts during storage.

Aerobic and_actobacillus plate counts also showed a significant treatment effect
in pork chops, as seen in table 10. Counts from both methods significartly.(5)
increased from d 3 to d 6, witlactobacillus treated chops displaying a higher
concentration of bacteria than the controls. Plate count evaluation data wasetbmpa
using ¥ 2 SEM with no significant differences being found between d 0 and d 3 for both
control and treated chops. Plate counts from d 6 were shown to be signifiPantly (

0.05) different from both d 0 and d 3. These results differ slightly when compared to the

results from the strip steak counts found in this study. In pork, the counts were shown to
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increase significantly] < 0.05) from d 3 to d 6. In beef, d 3 and d 6 counts were found

to be the same.

CONCLUSION

The results from this research showed no adverse effects on sensory and quality
characteristics of beef and pork from the applicatiobasfobacillus bacteria.
Applications of lactic acid bacteria were shown to have no significant effiectf
flavors, TBARS values, and color evaluation of both beef strip loin steaks and pork
chops. However, more research is needed to determine the effectivenessiof spec
strains ofLactobacillus on harmful foodborne pathogens. Also, additional research on

the prolonged effects of applications of lactic acid bacteria should be conducted.
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Table 1. Least squares means of subjective color evaluation of strip loin steaks (n = 20).

time, h
Color Characteristics 12 24 36 48 60 72 84 96 108 120 132 144 156 SEM
Control
Muscle Colot 784 696 6.40 6.06 500 498 435 448 464 438 4.18 4.18 4.04 0.17

Surface Discoloration 0.00 0.00 0.00 0.00 0.00 1.00 125 1.12 1.34 1.44 192 228 224 0.07
OveraIIAppearanée 8.00 766 7.08 6.70 6.12 6.12 548 532 5.18 502 386 398 3.74 0.15

Lactobacillustreated
Muscle Colot 780 690 6.30 592 494 482 433 444 458 438 4.16 398 3.84 0.17

Surface Discoloration 0.00 0.00 0.00 0.00 0.00 1.06 1.35 1.08 1.20 126 1.72 196 1.98 0.07
OveraIIAppearanée 8.00 760 7.00 6.68 6.02 6.14 527 526 522 520 432 4.16 4.00 0.15

"Muscle color was measured on an 8-point scale (8 = extremely bright olerand 1 = extremely dark red).
“Surface discoloration was measured on a 7-point scale (1 = no discoloration-0%, ttal discoloration-100%).
*Overall acceptability was measured on an 8-point scale (1 = extremelyrahidesaind 8 = extremely desirable).
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Table 2. Least squares means of subjective color evaluation of pork chops (n = 20).

SEM

time, h
Color Characteristics 12 24 36 48 60 72 84 96 108 120 132 144 156
Control
Muscle Colot 330 320 320 3.06 3.12 3.02 3.02 298 298 294 298 298 298 0.10
Surface Discoloratiogn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.04 1.18 1.52 1.46 0.03
Overall Appearanée 760 724 7.00 6.00 6.00 596 6.00 596 596 574 558 494 4.64 0.03
Lactobacillustreated
Muscle Colot 3.30 3.20 3.20 3.06 3.16 3.02 3.04 3.02 3.00 2.88 2.98 298 290 0.10
Surface Discoloratiogn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 1.15 1.54 1.32 0.03
Overall Appearanée 760 7.20 7.00 6.00 6.00 596 6.00 598 598 574 563 498 4.68 0.03

"Muscle color was measured on a 6-point scale (6 = very dark purplish-red; 1 = @dry pal

Surface discoloration was measured on a 7-point scale (1 = no discoloration-0%, aial disaoloration-100%).

*Overall acceptability was measured on an 8-point scale (1 = extremelyitaide, and 8 = extremely desirable).
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Table 3. Least squares means for sensory by treatment and day for juiciness, tenaiedn@snective tissue on strip
loin steaks (n = 60).

Treatment 15 SEM S SEM FIT SEM OT  SEM CT SEM
Control
Day O 543 043 533 043 585 031 585 0.31 6.98 0.30
Day 3 559  0.40 552  0.40 593 0.39 586 0.36 7.25 0.21
Day 6 555 0.43 533 0.49 553 0.32 560 0.32 7.10 0.31
Lactobacillustreated
Day 0 545 0.43 525 0.43 6.00 0.31 590 0.31 7.30 0.30
Day 3 539 0.40 497 0.40 575 0.40 564 0.38 7.00 0.22
Day 6 546  0.45 519 0.49 572 0.33 568 0.32 7.25 0.31

YInitial (13) and sustained juiciness (SJ) was measured on an 8-point scaet(@mely dry; 8 = extremely juicy).

’First impression (FIT) and overall (OT) tenderness was measured on an 8plgr{lss extremely tough; 8 = extremely
tender).

Connective tissue (CT) was measured on an 8-point scale (1 = abundant; 8 = none).
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Table 4. Least squares means for sensory by treatment for intensity of flavoutats on strip loin
steaks (n = 60).

Treatment Beéf SEM Painty/Fishy SEM Livery/Metallic SEM
Control
Day O 2.33 0.35 1.08 0.05 1.13 0.08
Day 3 2.32 0.38 1.11 0.12 1.09 0.05
Day 6 225 0.31 1.18 0.14 1.23 0.12
Lactobacillustreated
Day O 2.40 0.35 1.05 0.05 1.13 0.08
Day 3 2.31 0.38 1.19 0.12 1.03 0.05
Day 6 2.23 0.31 1.35 0.15 1.18 0.12

'Flavor intensity was measured on a 3-point scale (1 = not detectable; 3 = stroegigtde).
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Table 5. Least squares means for sensory by treatment and day for juiciness, tenalednesnnective tissue on pork chops

(n = 60).
Treatment 13 SEM s SEM FIT SEM OT SEM CT SEM
Control
Day O 5.31 0.27 4.88 0.18 5.98 0.39 5.93 0.41 7.24 0.28
Day 3 5.22 0.37 5.08 0.32 6.03 0.46 6.03 0.44 7.28 0.20
Day 6 5.11 0.31 4.72 0.25 5.53 0.41 6.12 0.38 7.32 0.24
Lactobacillustreated
Day 0 5.14 0.27 4.85 0.18 6.10 0.39 6.11 0.41 7.11 0.28
Day 3 5.47 0.39 5.13 0.35 6.48 0.46 6.48 0.46 7.31 0.24
Day 6 5.28 0.31 4.76 0.25 6.19 0.41 6.23 0.38 7.21 0.24

YInitial (1J) and sustained juiciness (SJ) was measured on an 8-pointissaattemely dry; 8 = extremely juicy).

’First impression (FIT) and overall (OT) tenderness was measured on an 8plgr{lss extremely tough; 8 = extremely
tender).

Connective tissue (CT) was measured on an 8-point scale (1 = abundant; 8 = none).
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Table 6. Least squares means for sensory by treatment and day for intensitsoobftaibutes on
pork chops (n = 60).

Treatment Pork SEM Painty/Fishy SEM Livery/Metallic SEM
Control
Day O 2.69 0.17 1.03 0.31 1.03 0.04
Day 3 2.75 0.15 1.05 0.08 1.10 0.12
Day 6 2.73 0.16 1.13 0.08 1.04 0.07
Lactobacillustreated
Day O 2.72 0.17 1.02 0.30 1.07 0.04
Day 3 257 0.16 1.15 0.09 1.20 0.12
Day 6 2.67 0.16 1.02 0.08 1.11 0.07

Flavor intensity was measured on a 3-point scale (1 = not detectable; 3 = stroegigtde).
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Table7. Least squares means for pH and TBARS evaluation by treatment and day on
strip loin steaks (n = 60).

Treatment pH SEM MDA" SEM
Control
Day 0 5.60 0.06 0.22 0.03
Day 3 5.74 0.06 0.59 0.12
Day 6 5.70 0.07 1.30 0.22
Lactobacillustreated
Day O 5.64 0.06 0.31 0.03
Day 3 5.66 0.06 0.64 0.12
Day 6 5.63 0.07 1.35 0.22

MDA = mg of malonaldehyde per kg of sample.

39



Table 8. Least squares means for pH and TBARS evaluation by treatment and day
on pork chops (n = 60).

Treatment pH SEM MDA'!  SEM

Control
Day 0 5.78 0.07 0.14 0.04
Day 3 5.80 0.05 0.10 0.02
Day 6 5.87 0.04 0.21 0.36

Lactobacillus treated
Day 0 5.89 0.07 0.15 0.04
Day 3 5.87 0.05 0.13 0.02
Day 6 5.85 0.04 0.20 0.22

MDA = mg of malonaldehyde per kg of sample.
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Table 9. Least squares means for aerobic bactobacillus plate count evaluation by treatment and day on strip loin steaks (n = 30).

Treatment Day O SEM Day 3 SEM Day 6 SEM
Control
APC 3.00" 0.03 6.27" 0.40 6.68” 0.26
MRS 3.00"" 0.30 6.60~ 0.45 6.06” 0.09

Lactobacillus treated
APC! 7.45" 0.03 7.78" 0.40 7.63> 0.26
MRS 7.4V 0.30 7.85Y 0.45 7.48" 0.09

'APC = counts performed on aerobic plate count media.

MRS = counts performed on deMan, Rogosa, and Sharp (MRS) media.

a\Means, in a row, containing different superscripts, differ (P < 0.05).

“Means, within a column and within a plate count method (APC or MRS), containing mliffeygerscripts, diffe}(< 0.05).
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Table 10. Least squares means for aerobic laadobacillus plate count evaluation by treatment and day on pork chops (n = 60).

Treatment Day O SEM Day 3 SEM Day 6 SEM
Control
APC 3.00" 0.07 3.48” 0.16 6.78" 0.21
MRS 3.00"" 0.06 3.49” 0.20 6.08” 0.26

Lactobacillus treated
APC! 5.18" 0.07 6.206" 0.16 7.94Y 0.21
MRS 5.1 0.06 6.23" 0.20 8.08Y 0.26

'APC = counts performed on aerobic plate count media.

MRS = counts performed on deMan, Rogosa, and Sharp (MRS) media.

¥\Means, in a row, containing different superscripts, differ (P < 0.05).

“Means, within a column and within a plate count method (APC or MRS), containing mliffeygerscripts, diffe}(< 0.05).
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Sensory Evaluation

Informed Consent Form
Hatch: Evaluation of post harvest quality and safety attributes of beef and pork
products
Pork & Beef Loin Project

The following document contains important research information concerning your participation in
this research study. Please read all the information carefully. Your participation in this project is
voluntary and you may, at anytime, stop participating without penalty.

1. This research study is being conducted through Oklahoma State University.

2. The purpose of this research study is to determine palatability differences, if any, in pork and
beef products.

3. The pork and beef products were made with ingredients at levels approved by FDA and USDA.
4. The pork and beef product samples will be served to you, and you will be expected to evaluate
samples and mark a ballot with your impression of the characteristics listed on the ballot.

5. There are no known risks associated with this project which are greater than those ordinarily
encountered in daily life.

6. You will be trained to evaluate tenderness, juiciness and flavor components of pork and beef
product.

7. You will be asked to participate in 30 — 15 minute sessions. Session dates and times will be
scheduled once all panelists are identified.

8. You are encouraged to ask any questions about procedures.

9. You will not be asked to make any identifying marks on the ballots and efforts are being made
to maintain the confidentiality of vour responses.

10. Data will be stored on the investigators computer during analysis and report preparation and
then stored on a backup drive for three years. Data will be accessible to the investigators listed
on the project.

11. In the case of injury or illness resulting from this study, emergency medical treatment wiil be
available. No funds have been set aside by Oklahoma State University to compensate you in the
event of illness or injury.

12. You will be provided with candy and/or breath mints upon completion of each session.

For questions about the research study, contact:
Dr. Deb VanOverbeke

104D Animal Science

Stillwater, OK 74078

405.744.6616 office
deb.vanoverbeke(@okstate.edu

This research has been reviewed and approved by the Institutional Review Board for Human
Subjects in Research at Oklahoma State University. If you have questions about your rights as a
research volunteer, you may contact Dr. Shelia Kennison, IRB Chair, 219 Cordell North,
Stillwater, OK 74078, 405-744-3377 or irb{@okstate.edu.

Deb VanOverbeke, PI Participant

Department of Animal Science Oklahoma State University  Stillwater, OK 74078
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