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Laura M. Tarantino, Ph. D.

Dircctor

Office of Food Additive Salety

Center for Food Safety and Applied Nutrition {CFS AN)
Food and Drug Administration

3100 Paint Branch Parkway

College PJII\. MD ’7()740

Re: Ci%iz«:n Petition Requesting FDA to Enforce Ban on Carbon
Monoxide in Case-Ready Meat Packaging; Docket No. 2005p-
0459

Dear Dr. Tarantino:

This submission is made on behalf of Kalsec, Inc. ("Kalsec") in support of the above
referenced Citizen Petition filed on November 15, 2005. This submission includes
scientific evidence from limited unpublished studies that were sponsored by Kalsec and
condueted by S&J Laboratories of Portage, Michigan. These studies were dumgncd to

~ evaluate selected microbial and sensory charactensncs of ground beef sold at retail in

packaging containing carbon monoxide gas (carbon monoude modified atmosphere
packaging or "CO-MAP"), compared to ground beef sold in high oxygen modified
atmosphere packaging ("high oxygen-MAP"), The experiments in this submission were
conducted using ground beef samples purchased at retail in CO-MAP and high oxygen-
MAP packaging. The study reports from these experiments are provided in Appendices
One, Two, and Three. '

Although the results from these studies are limited, and involved a relatively
small number of ground beef samples purchased in a local region, the findings lend
support to the scientific evidence documenting the food safety and consumer deception
concerns that have been raised concerning the use of carbon monoxide in fresh meat
packaging, as detailed in the Kalsec petition and related submissions to the agency.

A summary of our key findings are as follows:

1. On average, the commercially available CO-MAP ground beef samples tested were
shown to have a statistically significant higher bacterial count, on the date of purchase or
within a day of purchase, than commercially available ground beef packaged in high

- oxygen modified atmosphere packaging (high oxvdcﬁ-MﬁP‘).
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. Some of the CO-MAP ground beefl samples tested within thexr ‘uge or freeze by”
datgs were found to have bacterial counts indicative of spoilage (i.e, bacterial counts of
=107colony forming units (cfu) fgram). In contrast, none of the high oxygen-MAP
ground beef samples tested within their “sell by” dates had bacterial counts indicative of
spoilage.
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3. The artificial reddish pigment (carboxymyoglobin) formed by the reaction of carbon
monoxide in the CO-MAP ground beef samples was found to be stable, giving the ground
beef a red appearance after the meat had been temperature abused or become spoiled.

4. The high oxygen-MAP ground beef samples tested showed color loss during
temperature abusc and became “discolored” when the bacterial levels reached around
1x10° to 1x10° cfu per gram.

5. There was a significant difference in the odor profiles observed in the CO-MAP
ground beef samples and high oxygen-MAP ground beef samples tested as they aged,
~when the packaging was opened. In the CO-MAP ground beef samples, a sulfury odor -
was observed, while in the high oxygen-MAP ground beef samples, a rancid odor more
- commonly associated with the spoilage of meat was observed. No aroma was observed
in the CO-MAP ground beef samples or high oxygen-MAP ground beef samples before
the packaging was opened.

6. In the early stages of temperature abuse, the rate of growth of microbes was higher in
the CO-MAP ground beef samples tested, than in the high oxygen-MAP ground beef
samples tested. In the Jatter stages of temperature abuse, the rate of growth of microbes
was higher in the high oxygen-MAP ground beef samples tested, than in the CO-MAP
ground beef samples tested. , , »

The purpose of the original studies (see Appendix One, Studies I, I1, and II) was
© to examine changes in microbial growth, color and odor that occurred in CO-MAP
ground beef and high oxygen-MAP ground beef when samples were subjected to
temperature abuse and to evaluate passxble correlations between these changes. The
studies were made more difficult by the high initial bacteria levels that were found in
some of the CO-MAP ground beef samples that had been purchased from retail stores.
Although the samples were tested within the labeled “use or freeze by” dates, some of
the CO-MAP ground beef samples had initial aerobic and anaerobic plate counts of

>1x10° to around 1x10 cfu/gram. The studies were conducted in spite of this challenge,
but three further studies were conducted to determine whether the high initial bacterial
levels observed in the CO-MAP samples purchased directly from retail outlets were an
anomaly (Studies IV, V and V1, associated with Appendices One, Two and Three).
These studies examined the microbiological status of ground beef Just asit was being
purchased by consumers. All the studies detailed in this letter lend support to and help
document the deception and food safety risks outlined in Kalsec’s Citizen Petition.




Study I (Appendix One — Tables 1A and 1B).

Study I Objective:
To examine the effect of radical temperature abuse on bacterial growth in

commercially available packages of CO-MAP and high oxygen-MAP ground beef
- samples.

Study 1 Method: ; o ‘

' Twenty packages of CO-MAP ground beef (a brand containing 8 % fat with an
April 18, 2006 “use or freeze by” date) were purchased from a single retail store in the
local region. This was the freshest CO-treated meat available in the store on the day of
purchase. Twenty packages of high oxygen-MAP ground beef (a brand containing 20%
fat with an A‘pril 23, 2006 sell by date) were purchased from another retail storein a
different city in the local region, The meat samples were transported on ice in coolers to
S&J Laboratories Inc. Twelve samples of CO-MAP and twelve samples of high oxygen-
MAP ground beef were used in the temperature abuse study and were placed on a table,
without stacking, in a 70° F room under normal room fluorescent lighting. Eight control
samples for each package type were stored in the dark at 4°C (39° F). Sensory and
microbial analysis was conducted at time 0, after 8 hours of temperature abuse at 70° F,
‘then every four hours up to 24 hours of temperature abuse. At the appropriate intervals,
packages were visually examined, photographed, and then opened and analyzed for
aroma and micro count, Microbial analysis was conducted in duplicate with each sample
tray being alcohol swabbed where the tray film was cut with a sterilized scalpel. Tray
film was pceied back and an mformal aroma sensory pane’l was conducted w1th personnel
duphcate two trays per treatment per sample period, mcasurmg both aerobic and
anaerobic plate counts. Microbial analyses were conducted under aseptic sampling
procedures (USDA E\éﬁcrcbioiogical Guide Book, 3rd ed., 1998). Samples were first
‘physically divided into six portions. Half of the sample (}st 3rd, & 5th, or 2nd, 4th & 6"
portions) was collected and mixed thoroughly inside a sterile bag. ‘Eleven (11) grams of
mixed sample was withdrawn into a filtered stomacher bag and 99 mL of sterile
phosphate buffer was added to provide a 10-fold dilution. A further dilution protocol was
followed to dilute up to 1,000,000 times. Petrifilm® was used in this study (AGAC
official methods 990.12). The aroma was evaluated by three untrained individuals,
carefully comparing the odor to reﬁ‘:gerated control samples. Dngual photographs were
taken for each sample period using a Nikon cool pix 950 digital camera. See Appendix
One for experimental results.

Study I Result Summary:
‘The initial high bacterial load in the CO-MAP ground beef samples made a true

comparison of bacterial growth rates difficult. Tt was decided to repeat the experiment
(Study IN).

Study I Discussion: , , ,

The aerobic and anaerobic plate counts of the samples stored at room temperature
are listed in Table 1 and plotted in Flgure 1 as a function of time. The plate counts for
the CO-MAP ground beef samples, prior to any temperature abuse were very high (Table
1, top two data rows)




Table 1. Aerobic and Anaerobic Plate Counts of High Oxygen — MAI’ and Carbon

Monoxide - MAP Meat Samples. Effect of Temperature Abuse — Study I.

Hours High High CO-MAP CO-MAP
at Oxygen- Oxygen- Aerobic Anaerobic
70°F MAP MAP Plate Count | Plate Count
Aerobic Anaerobic
Plate Count | Plate Count
Sample 0 400 700 2,500,000 3,100,000
Duplicate 0 1,600 1,300 3,000,000 3,600,000
Sample 8 3,000 10,000 | 5,000,000 6,000,000
Duplicate 8 6,000 8,000 | 11,000,000 13,000,000
Sample 12 8,000 19,000 | 12,000,000} 13,000,000
Duplicate 12 17,000 27,000 | 9,000,000 15,000,000
Sample 16 290,000 | 840,000 | 15,000,000 24,000,000
Duplicate 16 110,000 130,000 5,900,000 9,100,000
Sample 20 1,700,000 1,500,000 | 19,000000 | 13000000
Duplicate 20 1,900,000 2,000,000 | 23,000,000 1 21,000,000
Sample 24 10,000,000 | 13,000,000 9,600,000 | 12,000,000
Duplicate 24 13,000,000 | 15,000,000 | 14,000,000 | 14,000,000

As seen in Table 1, the anaerobic plate count of the CO-MAP ground beef
samples prior to temperature abuse (the time zero samples in the first two data rows of
Table 1) were initially over 3000 times higher than that of the high oxygen-MAP ground
beef samples tested, with the ratio decreasing to about 1000 times after eight hours of
temperature abuse at 70° F, and to about 600 times at twelve hours, when the CO-MAP
ground beef samples were still red. Ratios of aerobic | plate count were of similar
magmtudes in the CO—MAP and high oxygen MAP ground beef samplcs tested.




Figure 1. Microbial Plate Count of Ground Beef Stored at 70° F, Study L
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When purchased, the CO-MAP ground beef had 4 days remaining before the “use
or freeze by” date. While this was toward the end of the shelf life, this was the freshest
meat available at the retail outlet, and meat from this lot was abundantly available, with

20 packages of this lot being purchased. A roughly equal amount of CO-MAP ground

beef was available with only 3 days left before the “use or freeze by” date at the same
retail outlet. Figure 1 hints at an effect seen more clearly in Study If, namely, that
microbial growth in the high oxygen-MAP ground beef samples occurred slowly at first
and then built up steadily with time. For high oxygen-MAP ground beef samples, the
most rapid increase in microbial count occurred toward the end of the temperature abuse
period. In contrast, the rate of microbial growth in the CO-MAP ground beef occured

‘more r‘apidl;: at first and then tapered off, seemingly reaching an asymptote somewhere
above 1x10" cfu/ gram. For CO-MAP ground beef samples, the most rapid increase in

microbial count occurred at the beginning of the temperature abuse period.

- The CO-MAP ground beef samples remained bright red throughout the
temperature abuse period. The color of the high oxygen-MAP ground beef samples
changed throughout the course of the test, showing an easily noticeable color change at
about 16 hours, when the micro count reached between about 10° and 10°. Figures 2 and

3 show photos of selected meat samples.




Figure 2. Photographs of Meat Samples After 16 and 20 Hours of Temperature
Abuse. CO Treatment = CO-MAP Ground Beef; 0,/CO; Treatment = High
Oxygen-MAYP Ground Beef. Study L
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typical by-product of anaerobic bacterial growth [Jay, JM., Modem Food Mcmbxolom
Sixth Edition, Aspen Publishers Inc. 2000. Chapter 4, pg. 72 1. After 8 hoursof
temperature abuse at room temperature the CO-MAP ground beef sample still had a
slight sulfur aroma, but it was observed that the aroma in this sample was less than that
noted in the refrigerated CO-MAP control sample, “There was no detectable difference in
aroma or color between the 8 hour and the 12 hour temperature abused CO-MAP ground
beef samples. After 16 hours of temperature abuse at room temperature, the aroma of the
CO-MAP ground beef samples was noticeably different from the refrigerated CO-MAP
ground beef control sample, with panelists describing a slight oﬁ‘ aroma. After 20 hours
of temperature abuse, the CO-MAP ground beef sample had & very noticeable sulfur
aroma. The color remained bright red and fresh looking. After 24 hours of temperature
abuse at room temperature, the CO-MAP ground bcef bad a strong H;S aroma, but
continued looking bright red and fresh.

At time zero (no temperature abuse), the high oxygen-MAP ground beef sample
had no initial off aroma, and no significant off-aromas were noted in the high oxygen-
MAP ground beef samples that had been temperature abused for 8 or 12 hours, After 16
hours of temperature abuse, the high oxygen-MAP ground beef had a slight huttery S
aroma and the color was starting to change. After 20 hours of temperature abuse at room
temperature, the high oxygen-MAP ground beef sample had an off, spoiled, sour note,

and was a very noticeable brownish color compared to the refrigerated high oxvgen-m -

control sample. After 24 hours of temperature abuse at room temperature the high
oxygen-MAP ground beef had a very noticeable off, spoiled / sour note.

Study IT (Appendix One, Tables 2A., 2B., and 2C)

Study IT Objective:

A To examine the effect of radical temperature ‘abuse on bacterial growth
in commercially available packages of CO-MAP and high oxygen-
MAP ground beef samples,
B. To compare the aromas that developed during temperature abuse.

Study 1T Method:
Thirteen packages of CO-MAP gmund beef (a brand conlammg 4% fat with a

o May 9, 2006 “use or freeze by” date) were purchased in a single a retail store in the local

region. This was the freshest CO-treated ground beef available on the day of purchase.
Eighty-four packages of high oxygen-MAP ground beef (a brand conta,mmg 4% fat with
a May 4, 2006 sell by date) were purchased from another retail store in a diﬁ‘erent ity m
the Iocai region. The meat samples were transported on ice in coolers to S&J
Laboratories Inc. Thirteen samples of CO-MAP and fourteen samples of high oxygen-
MAP meat were used in the temperature abuse study and were placed on a table, without
stacking in a 70° F room under normal room fluorescent hghtmg ngltal photooraphy,
sensory analysis, colorimeter readings and microbial analysxs were oonducted attime 0,
after 8 hours of temperature abuse at 70° F, then every four hours up to 28 hours of
temperature abuse. At intervals, packages were visually examined, photographed, and
then opened and analyzed for aroma and micro count. The aroma was evaluated by three
- untrained individuals {using both Kalsec and S&J Laboratories personnel). Since the
packages were labeled with brand names, the panehsts were aware of the sample
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identities when the aromas were being evaluated. The photographs taken at each analysis
period on one tray from each treatment were made using a Nikon cool pix 950 digital
camera by Kalsec personnel. Micro analyses were conducted in duplicate by S&7T
Laboratories personnel performed as in Study I, except for the time zero point for the
CO-MAP ground beef sample, where only one package was analyzed. After sensory
analysis, one tray from each treatment was measured for C.LE. 1976 L*a*b* values using
a Minolta CR-300 Chroma meter using the “C” light source and multi measure reading
(average of three successive readings). L*a*b* readings were taken by Kalsec personnel
directly through the package film with three readings taken per tray. '

Study I Result Summary: ;

The bacterial growth curves for the CO-MAP and high oxygen-MAP ground beef
sarples were different. For high oxygen-MAP ground beef samples, the most rapid
increase in microbial count occurred toward the end of the temperature abuse period. For
CO-MAP ground beef samples, the most rapid increase in microbial count occurred at the
beginning of the temperature abuse period. - -

The CO-MAP ground beef samples remained bright red and fresh-looking during
the course of the temperature abuse and meat color was independent of bacterial load,
The high oxygen-MAP ground beef samples, in contrast, showed color changes after the
temperature abuse led to increased bacterial levels. ’ '

There was a significant difference in the odor profiles of CO-MAP and high
oxygen-MAP ground beef samples as they aged. R

Study 11 Discussion: ; ,
’ Study 1T was basically a repeat of Study 1, using a very simifar protocol. Tt was
started on April 27, 2006, using CO-MAP ground beef samples with a “use or freeze by”
- date of May 9, 2006. The high oxygen-MAP ground beef samples used in this study had
a sell by date of May 4, 2006, The CO-MAP ground beef samples used in Study T had
lower initial microbial plate counts than the CO-MAP ground beef samples used in Study
1. However, other CO-MAP ground beef samples purchased the same day, with “use or
freeze by” dates of May 2, 2006 and May 4, 2006 had higher initial plate counts and
could not be used for this part of the study (see Study VI, below, for a discussion of the
behavior of these samples initially and upon refrigerated storage).

The aerobic and anaerobic plate counts of the CO-MAP and high oxygen-MAP
ground beef samples stored at room temperature are listed in Table 2 and plotted in
Figure 3 as a function of time.  Once again, the microbial growth in the high oxygen-
MAP ground beef samples was seen to grow slowly at first and then more rapidly with
time. In contrast, the microbial growth in the CO-MAP ground beef samples occurred
more rapidly at first and then tapered off, seemingly reaching an asymptote somewhere
above 1x10’ cfu / gram. Significant differences between the CO-MAP ground beef
samples and the high oxygen-MAP ground beef samples were observed after 8 hours of
temperature abuse. High oxygen-MAP ground beef samples showed low values (~10%)
for both aerobic and anaerobic plate counts, whereas CO-MAP ground beef samples
jumped to ~10* for aerobic and ~10° for anaerobic plate counts, respectively. Higher
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rates of growth of anaerobic microorganisms in the CO-MAP ground beef sample& as
compared to the high oxygen-MAP ground beef samples, was observed after 12 hours at
21°C, during which time the microbial count reached ~10° in some testing samples
whereas the high oxygen-MAP ground beef samples remained around ~10°. The
anaerobic environment of the CO-MAP ground beef samples appeared to enhance the
growth of anaeroblc microorganisms. The high oxygen-MAP ground beef samples did
not reach 10° plate count until 24 hours of temperature abuse at 70° F and grew to ~10
after another 4 hours. The CO-MAP ground beef samples reached ~10° (anaerobic) after
16 hours at 70° F under ﬂuoreqcenee light and reached ~10 at around 24 hours.

For CO-MAP ground beef samples, the color was consistent throughout the entlre
_;( (Table 2, redness: a* value ~ 26) despite the microbial count increase from ~10* to
~10". The CO-MAP ground beef samples remained fresh looking during the entire
‘temperature abuse study. In contrast, the high oxygen-MAP ground beef samples lost

their fresh red appearance gradually and a* values dropped from ~25 to ~15 over the
course of the test (see Figure 4). Photographs of CO-MAP and high oxygen-MAP
ground beef samples after 16 hours of temperamre abuse are shown in Figure 5.

Both high oxygen-MAP and CO-MAP ground beef samples had similar fresh beef
odor initially. However, after 8 hours incubation at 70° F, the high oxygen-MAP ground '
beef samples began to develop a slightly oxidized, rancid odor and the CO-MAP ground
beef samples started to have a slight sulfur compound odor. For h1gh oxygen-MAP
ground beef samples, the intensity of the oxidized, rancid odor increased in each of 4-
hour evaluation periods. 'The unique sulfur compound odor in the CO-MAP ground beef
samples also increased in strength at each 4-hour evaluation period.




Table :Z Aerobic and Amaeroblc Plate Counts of ngh Oxygen MAP and Carbon
Monoxide — MAP Meat Samples. Effect of Temperature Abuse — Study II.

Hours High High CO-MAP | CO-MAP a* a*
at Oxygen- | Oxygen- Aerobic | Anaerobic | High | CO-
TO°F MAP MAP Plate Plate Ox.- | MAP
Aerobic | Anaerobic Count Count MAP
Plate Plate
L Count Count

Sample 0 1,000 200 | 4300 6,800 255 241
Duplicate 0 1,600 800 .
Sample 8 1,000 2,000 | 79,000 91,000 104 25.0
Duplicate | 8 2,000 2,000 200,000 190,000
Sample 12 8,000 4,000 510,000 ] 1400000 200 26.5
Duplicate 12 9,000 4,000 560,000 640,000
Sample 16 100,000 80,000 { 1,100,000 | 2°700,000 17.9 259
Duplicate 16 130,000 70,000 1 1,000,000 | 4,000,000
Sample 20 300,000 | 1,200,000 | 4,300,000 | 7,800,000 17.5 25.2
Duplicate 20 190,000 280,000 | 4,400,000 | 12,000,000
Sample 24 3,100,000 | 4,400,000 7,200,000 11,000,000 14.7 26.1
Duplicate 24 2,000,000 | 1,700,000 | 7,200,000 | 11,000,000
Sample 28 24,000,000 | 28,000,000 | 16,000,000 | 23,000,000 153 269
Duplicate | 28 | 30,000,000 | 26,000,000 | 12,000,000 | 28,000,000

Figure 3. Microbial Plate Count of Ground Beef Stored at 70° F. Study IL
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Figure 4. Color (a*)asa Functnm of Time. CO-MAP vs. high oxygen-MAP ground
: beef samples. Study II.
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Figure 5. Photographs of CO-MAP and High Oxygen-MAP ground beef samples
after 16 hours oi‘ Thermal Abuse Study 1L




Study HI (Appendix One, Tables 3A., 3B. and 3C)
Study HI Ob;ectlves
A. To examine the effect a period of temperature abuse followed by refrigerated
storage on bacterial growth in high oxygen MAP and CO-MAP ground beef
samples.
- B. To compare the aromas that developed during temperature abuse.

Study III Method: ‘ ‘

Twenty-four packages of CO-MAP ground beef (containing 7 % fat with a May 9,
2006 “use or freeze by” by date) was purchased in a single retail store in the local region.
This was the freshest CO-MAP ground beef available in the store on the day of purchase.
‘Some of the packages of high oxygen-MAP ground beef (a brand containing 4% fat with
a May 4, 2006 sell by date} purchased as described in Study IT were used in this study.
The meat samples were transported on ice in coolers to S&]J Laboratories Inc., the same
day they were purchased (April 27, 2006). Thirteen packages of CO-MAP gmund beef
and fourteen packages of high oxygen-MAP ground beef were used in the temperature
abuse study and were placed on a table, without stacking, in a 70° F room under normal
room fluorescent lighting. After 8 hours of temperature abuse at 70° F, all the samples
were moved to a temperature controlled 4° C refrigerator in the dark, D1g1tal
photography, sensory analysis, colorimeter readings and microbial analysis were
conducted at time 0, after 8 hours of temperature abuse, then once a day for seven days.
A photOgraphw record was taken at each analysis perlod on one tray from each treatment
using a Nikon cool pix 950 dtgltal camera Sensory, micro analyses and colonmetry
analyses were conducted as m Study II

Study 111 Result Summary:

The bacterial growth curves for the CO-MAP and high oxygen-MAP ground beef
‘samples were different. Bacterial levels in the CO-MAP ground beef samples increased
more rapidly during temperature abuse than did the high oxygen-MAP ground beef
samples,

CO-MAP ground beef samples remained bright red and fresh-looking during the
course of the entire study and meat color was independent of bacterial load. High
oxygen-MAP ground beef samples, in contrast, showed color changes as measurcd by a*

values after the temperamre abuse led to mcreased bacterxal levels

- There was a significant difference in the odor profiles of CO-MAP and high
, axygen—MAP ground heef samples as they aged

Studv m Dlscussmn o - - ,

~ Inthe third study, CO-MAP and high oxygen-MAP ground beef samples were
subjected to temperature abuse at 21° C (70° F) for 8 hours and then returned to proper
refrigerated storage (4° C, 39.2° F). Microbial counts were measured when the samples
were newly-purchased, prior to temperature abuse, immediately after § hours storage at
room temperature (21°C, 70°F) and daily during seven days of post-temperaturc abuse
refrigerated storage. The study was started on April 27, 2006, using CO-MAP ground
beef samples that had a “Use or Freeze By" date of May 9, 2006, and hlgh oxygen—MAP
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- ground beef samples that had a “Seli By” date of May 4 2006. The microbial growth
curves are shown graphically in thure 6 Once again, the CO-MAP ground beef samples
initially had a higher plate count (>10%) than the high oxygen-MAP ground beef samples
(~10? to 10%). When thermally abused, the CO-MAP ground beef samples showed a
rapid rise in micro count to about 4x10°, The increase in micro count continued at a
much higher level in the CO-MAP ground beef samples during subsequent refrigerated
storage, reaching a plateau at about 3x10” cﬁz/gram In contrast, the high oxygen-MAP
ground beef samples showed a smaller initial jump in plate count durmg thermal abuse
and had a much more gradual rate of increase, reaching only ~10° at thc close of the test.

‘The CO-MAP ground beef samples exceeded the spoilage limit of 107 colony forming

~ units (cfu) per gram on day 1 or 2 of refrigerated storage. At this point, the samples were

still within their “Use or Freeze By" dates. At day seven, the “Sell By” date for the high

oxygen-MAP ground beef samples was reached, and even the temperature abused
samples had relatively low plate counts,

Once again, the CO-MAP ground beef samples remained bright red and fresh
looking in appearance thmughout the test, even though microbial levels were above 107
¢fu / gram. The color behavior for both CO-MAP and high oxygen-MAP ground beef
samples is shown in Figure 7, where a* values are plotted as a function of time. Data can
be found in Appendix 1, Table 3B,

The high oxygen-MAP ground beef samples developed a slight oxidized odor
immediately after temperature abuse, This odor remained about the same quality and
 intensity until just before the end of the refrigerated period. The CO-MAP ground beef
samples developed a slight sulfur odor immediately after the temperature abuse period.
Two days after being returned to the refrigerator, the sulfur odor became more noticeable.
Four days after being returned to the reffigerator, the sulfur odor was described as being
strong. At the end of the study, the sulfur ndor was descnbed as very strong Aroma data
can be found in Appendix One, Table 3C. '




A Figure 6. Plate Count During Refrigerated Storage After Temperature Abuse. CO-
MAP vs. High Oxygen-MAP. Study HL '
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Figure 7. Effect of Temperature Abuse and Subsequent Refrigerated Storage on
Color in Ground Beef a* Vs, tlme. Study TII
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Study IV — A Survey of Commercial Ground Beef (Appendix One, Table 4)

Studv 1V Objective:

To measure and compare the bacterial counts in freshly- purchased ground beef
packages, comparing CO-MAP, high oxygen-MAP and traditional plastic . overwrap
packaging. A chub pack and a paper Wrapped sample were also examined

Study IV Method: ,,

Twenty-three samples of ground beef were obtained from seven different retail
stores. Seven of these samples were purchased on \{ay 8, 2006, xmmedxaxely paoked on
ice and then ref‘ngcrated overnight. Sixteen samples were - purchased on May 9, 2006 and
transported on ice in coolers to S&»J laboratories Inc, for microbial analysis. Priorto

‘microbial analysis the package headspace was measured for o oxygen and carbon dDioxide

in the MAP packages using a Dansensor Checkmate 9900, This eadspaoe analysis was
done by Kalsec personnel. Micro analyses were conducted using the same protocol as
described earlier by S&J Laboratories personnel, except that measurements were made on
single packages, with no replicates. See Appendix One ’

Seven samples were obtained from a retail store in the Iocai rcgmn qn 5-8-06.
1. 4% fat, CO-MAP with a 5-16-06 “use or freeze by” by date.
2. 75% lean, CO-MAP ground beef with a 5-11-06 “use or frecze by” by date.

-~

3. 75& lean, CO -MAP ¢ g,round beef with a 5-9.06 “use or freeze by” by date
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75% lean, CO-MAP ground beef wnth a 5-9-06 “use or freeze by” by date.

8% fat ground beef patties, CO-MAP with a 5-16-06 “use or freeze by” by date.
8% fat, CO-MAP ground beef with a 5-17-06 “use or freeze by” by date

85% lean, CO-MAP ground round w1th as- 16 06 “use or freeze by” by dale

MO

Three sampies were obtained from a second retail store in the local region on 5- 9-06
‘1. 4% fat, high oxygen-MAP ground beef with a 5-13-06 sell by date.
2. 83% lean, high oxygen-MAP ground chuck with a 5-1‘3-06 sell by date.
3. 26% fat, Certified Angus Beef over-wrap package with a 5-10-06 sell by date.

Two samples were obtained from a third retail store in the local region on 5-9-06.

86% lean, certified ground round over-wrap package with a 5-11-06 sell by date.
2 - 90% lean, certified ground sirloin over-wrap package with a 5-11-06 sell by date.

One sample was obtained from the meat counter at a fourt_h retail store in the local region
on 5-9-06. This was ground hamburger th 2% fat

Two samples were chtamed from a fifth retail store in the local region on 5 9-06.
1. 90% lean, CO-MAP ground sirloin mth a 5-20-06 “use or freeze by” by date.
2. 80% lean CO-MAP ground beef w:th 2 5-18-06 “use or freeze by” by date.

| One sample was obtained from a smth reta.ll store in the local ;cglon on 5-9-06. It was

an over-wrap ground hamburger w;th as- 11‘06 seH by date.

- Seven samples were obtained from a seventh retail store in the local region on 5-9-06,

96% lean, high oxygen-MAP extra lean ground beef with a 5-10-06 sell by date,
96% lean, high oxygen-MAP extra lean ground beef with a 5-16-06 sell by date.
85% lean, high oxygen-MAP ground round with a 5-16-06 sell by date.

85% lean, high oxygen-MAP ground round with a 5-10-06 sell by date.

73% Iean, high oxygen-MAP ground beef with a 5-15-06 sell by date.

73% lean, high oxygen-MAP ground beef with a 5-13-06 sell by date.

93% lean, ground beef chub thh a 5-16-06 sell by date.

A b o e

-~ Study 1V Result Summary:

The levels of bacteria in the CO-MAP ground beef samples were, on average,

~ higher than those in the high oxygen-MAP ground beef samples, in a statistically

significant manner.

Neither the oirerwrap packages, the chub package, nor the paper-wrapped ground
 beef sample were modified atmosphere packaged. None of these samples had been

trcated with carbon mcnoxide They were included in this study ina very {imited fashion

Study IV Discussion:
Since so many packages of CO-MAP ground beef used in Studies I, I, and Tl
were found to have very high micro counts immediately after purchase, and well within

 the “Use or Freeze By” date, a preliminary survey of commercial ground beef samples

was performed. Sevcral samples of ground beef in various types of MAP and non-MAP
16




packaging were purchased from seven different retail stores in the local region, and
transported to S&J Laboratory, Inc. on ice and subjected to aerobic and anaerobic plate
count measurements. The raw data is shown in Table 3. Also included in Table 3 are the
results of the initial (time zero) measurements from Studies T and TIL.  Statistical
analysis of this non-normal data, using the one-sided t-test shows that with greater than
95% confidence, microbial levels for CO-MAP samples are greater than for all other
samples not containing CO (p = 0. 029 for anaerobic counts and p = 0.027 for aerobic
counts). In a direct comparison between CO-MAP and high oxygen-MAP ground beef
samples (eliminating the overwrap, paper wrapped and chub samples), and using the one-
sided t-test, the CO-MAP ground beef samples are shown to have higher microbial levels
than the high oxygen-MAP ground beef samples with greater than 96% confidence. The
averages and ranges for aerobic and anaerobic plate counts for these MAP products are
shown in Table 4.




Preliminary Survey of Plate Counts of Commercial Ground Beef Samples. Study IV.

Table 3.
; DAYS OF .

ANALYSIS | WHERE PURCHASE | SELL BY | SHELF LIFE | DANSENSOR | DANSENSOR | PERCENT CARBON
DATE PURCHASED | DATE DATE REMAINING 02 CO FAT AEROBIC | ANAEROBIC PACKAGE | MONOXIDE
§/9/2006 A 5/8/2006 | 5/16/2006 7 .03 17.20 4 25,000 35000 | MAP YES
5/9/2006 A 5/8/2006 | $/16/2006 7 0 19.70 8 18000 | 57,000 { MAP YES
5/9/2006 A $18/2006 | /172006 8 0.001 2070 8 170,000 540,000 | MAP YES
5/912006 A 5/8/2006 | 5/9/2006 0 0.00 20.30 25 10,000 110,000 | MAP YES
5/9/2006 A 5/802006 | 5/9/2006 0 0.00 203 25 10,000 150,000 | MAP YES
592006 A 5/8/2006 | 3/11/2006 2 0.00 204 25 1,500,000 | 3.000000 | MAP YES
51912006 A 5/%/2006 | 5/16/2006 7 0.4 15.8 15 2,100000 | 4,600,000 | MAP YES
5/972006 B 5/9/2006 | 5/18/2006 9 0.00 203 20 15,000 32,000 | MAP YES
5/9/2006 B 5/9/2006 | 512012006 11 0.00 190 10 £9.000 170,000 | MAP YES
5/9/2006 C §/5/2006 | 5/13/2006 4 7110 197 4 1,700 100 | MAP NO
57912006 -C 5/9/2006 | 5/15/2006 6 69.30 186 17 1,500 2000 | MAP NO
5/9/2006 D 51942006 | 5/10/2006 1 76.80 13.3 4 6,000 15,000 | MAP NO
51912006 D 5/9/2006 | 5/10/2006 1 7660 | 118 15 14,000 41,000 | MAP NO
5/9/2006 D 5/9/2006 | 5/13/2006 4 78.20 116 27 1,200,000 | 1700000 | MAP | NO
5/9/2006 D /972006 | $/15/2006 6 79.50 1.1 27 7,700 12,000 | MAP NO
5912006 D $/9/2006 | 5/16/2006 7 76,70 13.7 4 500 | 600 | MAP NO
51912006 D 5/9/2006 | 5/16/2006 7 80.00 114 15 200 400 | MAP NO
51912006 C 5/9/2006 | 5/10/2006 1 NA NA 26 7,000 17.000 | Overwrap | NO
5/9/2006 E 5/9/2006 | 5/11/2006 2 NA NA 10 17,000 19,000 | Overwrap | NO
50912006 E 5/9/2006 | S/11£2006 2 NA& NA 14 6,000 21000 | Overwrap | NO
51912006 F $19/2006 | 5/11/2006 2 NA NA 34,000 10,000 | Overwrap | NO
51972006 G 5/9/2006 | 5/9%/2006 0 NA NA 27 54,000 51,000 | Paper Wrap | NO
51912006 D 5/9/2006 | 5/16/2006 7 NA NA yi 3,900 3700 | Chub NO
412712006 C 4£27/2006 | 5/4/2006 7 NA NA 4 1,300 500 | MAP NO
4127/2006 A 4/27/2006 | /972006 12 NA NA 4 4,300 6,800 | MAP YES

| 4272006 A 427/2006 | 50972006 | 12 NA NA 7 210,000 200000 | MAP YES

442712006 A 4127006 | 51402006 7 NA | NA 7 530,000 3,400,000 | MAP YES
472712006 A 427/2006 | 51202006 3 NA NA 7 3,900,000 | 12,000,000 | MAP YES
411712006 A 411512006 | 4182006 1 NA NA 8 2,750,600 3,350,000 | MAP YES
4/17/2006 C 41162006 | 4232006 6 NA NA 20 1,000 1,000 | MAP NO

* Reference: Official methods of Analysis of AOAC International, Ch.17, 17th edition, 2000. Bactericlogical Analytical Manual By AOAC, 8th edition. 1998 Revision A
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Table 4. Averages and Ranges for Micro Data From the Ground Beef Survey (Study

V).
Samples Aerobic Anaerobic | Low High Low High
Count Count Aerobic | Aerobic | Anaerobic | Anaerobic
Average Average Count Count Count Count

CO-MAP 808,000 1,975,000 4,300 | 3,900,000 6,800 | 12,000,000

High 123,000 177,000 200 | 1,200,000 100 | 1,700,000

Oxygen-

MAP

~ Figures 8 and 9 show pIots of anaerobic and aembxc piate counts, respec:twely, Vs, the
at’mbutes of MAP, overwrap, fat level and the presence or absence of carbon monoxide, It

shows that the main driver for hxgh microbial levels in this system is the use of the

‘packaging atmosphere.

Figure 8. Anaerobic Plate Count vs. Attrfbutés (Study IV).

CO

: -IndivMual Value Plot of Anaeroblc vs CO ?7 , Fat Level, Package
12000000 .
10000000
‘» 8000000
3
5 6000000
2
< 4000000- *
* @
2000000"‘ *
04 & @ “w e wn ®» » % v b
Package Q&g $<3 Q?? & 4\‘?‘ & Q\‘;{S’Q &g&ﬁ *38‘ P
¥ o o* & ol
_ Fat ' ‘ '
a Le'vel A \9&‘ 8\°® ﬁ »‘sé 8‘&0
: . o ¥ “ —~ il
co?? No Yes

19




Figure 9. Aerobic Plate Count vs. Attributes. Study IV.
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Study V-A Survey of Commercial Ground Beef - Using Rep!wate Analyses (Appendix
T wa)

' Studv V Obj ex,twe
" To measure and compare the bacterial counts in freshly-purchased ground
beef packages in C()-MAI’ and hlgh oxygen»MAP usmg multxp]e sampie rephcates

Study V Method:

Thirty packages of CO-MAP g;round beef and thxrty packages of hlgh oxygen-MAP
ground beef were obtained from four different retail stores in the local region, as outlined in
Table 6. Samples were transported to S&J laboratories Inc, on ice in coolers for microbial
analysis. Prior to microbial analysis the package headspace was measured for Oxygen and
Carbon Dioxide in the MAP packages using a Dansensor Checkmate 9900 by Kalsec
persnnnel Micro analysis was conducted using the same protocol as described earlier by

S&J _Labg;a,toncs personnel. Data can be fcund in Appendix Two.

Studv V Result Summary:
~ The levels of bacteria in the CO-MAP ground beef samples were higher than
in the high oxygen-MAP ground beef samples, ina statxstxcaily ‘s_xgmvﬁcant manner.
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Study V Discussion:
In Study IV, individual packages of ground beef representing a number of packaging

formats were purchased, transported on ice to S&J Laboratories and analyzed for microbial
plate count. While statistically significant differences were observed in the levels of bacterial
. contamination between the CO-MAP ground beef samples and the other commercially

“available packaging varieties, it was thought that another study involving a number of
replicate analyses would be helpful in confirming the quality differences that were seen in
Study IV. In Study V, the type of meat packaging examined was Inmted to high oxygen-
‘MAP ground beef and CO-MAP ground beef, with more than one brand for each type bemg
examined. Where available, five packages of meat, with the same “use or freeze by” or “sell
by” datc were anaiyzed for each brand e'-.amzned Ther raw data are shown in Table 5
than 99% and 95% conﬁdence respectwely, the aerobic and anaerobic mzcrobxal levels for
CO-MAP samples are greater than those packaged in the high oxygen modtﬁed atmosphere
(p-Value = 0.005 for aerobic and 0.042 for anaerobic). The averages and ranges for aerobic
and anzerobic plate counts for these MAP prcducts are shown in Table 6.
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Table 5. Survey of Plate Counts of Commercially Available CO and High Oxygen MAP Ground Beef. Study V.

Sample | Purchase | Analysis | SellB Da % Lacation Head Space Aerobic Plate .
#‘J Date Daze Datey Remaﬁing Fat | Purchased co? B %021%%02 Count (cfu/g) Anaerobic Plate Count (cfu/g)
1 572212006 | 5/22/2006 | 5/24/2006 2 10 A No 80.7/11.4 1,000 2,000
2 | 5/22/2006 | 5/22/2006 | 5/24/2006 2 10 A No 81.5/11.6 6,000 13,000
3 5/22/2006 | 5/22/2006 | 5/24/2006 2 10 A No 67.7/10.8 3,000 3,000
4 5/22/2006 | 5/22/2006 | 5/24/2008 2 10 A No 82.4/11.7 10,000 3,000
5 5/22/2008 | §/22/2006 ; 5/24/2006 2 10 A No 80.4/111.7 6,000 6,000
8 5/22/2006 | 5/22/2006 . 5/29/2006 7 20 A No 84.3110.3 500 600
7 §/22/2008 | 5/22/2006 ;1 5/29/2006 7 20 A No 83.8M105 700 800
8 5/22/2006 | 5/22/2006 ; 5/20/2006 7 20 A No 84.111086 800 1,200
9 6/22/2006 | 5/22/2006 1 5/29/2006 | 7 20 A No 82.6/10.1 700 300
10 5/22/2006 | 5/22/2006 | 5/29/20086 ;| 7 20 A No 82.7103 900 700
11 §/22/2006 | 6/22/2008 | 5/28/2006 | o) 4 A No 846/123 2,100 700
12 | 5/22/2006 | 5/22/2006 | 5/28/2006 6 4 A No 83.212.5 3,100 2,600
13 5/22/2006 | 5/22/20086 | 5/28/2006 6 4 A No | 809/124 2,000 1,400
14 1 5/22/2006 | 5/22/2006 | 5/28/2006 6 4 A No 82.913.0 1,100 1,800
15 1 5/22/2006 | §/22/2006 | 5/28/2006 6 4 A No 82.8/112.7 2,600 2,700
16 | 5/23/2006 | 5/23/2006 | 6/1/2006 9 7 B Yes 0.024/17.4 160,000 290,000
17 5/23/2006 | 5/23/2006 | 6/1/2008 9 7 B Yes 0.003/18.0 39,000 120,000
18 | 5/23/2006 | 5/23/2006 | 6/1/2006 9 7 B Yes 0.001/17.7 220,000 290,000
19 | 5/23/2006 | 5/23/2008 | 6/1/2006 | 9 | 7 | B _Yes | 0.000/18.0 99,000 180,000
20 | 5/23/2006 | 5/23/2006 | 6/1/2006 9 7 B Yes | 0.000/18.6 61,000 120,000
21 5/23/2006 ; 5/23/2006 | 5/31/2008 8 15 B Yes 0.000/18.1 12,000 . 58,000
22 | 5/23/2006 i 5/23/2006 | 5/31/2006 8 15 B Yes 0.000/18.5 19,000 28,000
23 | 5/23/2006 | 5/23/2006 | 5/31/2008 8 15 B Yes 0.000/19.2 9,000 40,000
24 | 5/23/2006 | 5/23/2006 | 5/31/2006 8 15 B Yes 0.000/18.4 11,000 78,000
25 | 5/23/2006 | 5/23/2006 | 5/31/2006 8 15 B Yes 0.000/19.0 35,000 48,000
28 5/23/2008 | 5/23/2006 | 5/31/2006 8 4 B Yes 0.000/18.1 120,000 210,000
27 | 5/23/2006 | 5/23/2006 | 5/31/2006 8 4 B Yes 0.000/18.6 130,000 330,000
28 5§/23/2006 | 5/23/2006 | 5/31/2008 8 4 B Yes 0.000/18.8 120,000 330,000
28 | 5/23/2006 | 5/23/2006 | 5/31/2006 8 4 B Yes 0.000/18.4 140,000 380,000




Table 5. (Continued) Survey of Plate Counts of Commercially Available CO and High Oxygen MAP Ground Beef, Study V.,

30 | 5/23/2006 | 5/23/2006 | 5/31/2006 8 4 B Yes | 0.000/186 180,000 300,000
31| 5/23/2006 | 6/23/2006 | 5/30/2006 7 8 B | Yes | 00001184 110,000 220,000
32 | 6/23/2006 | 5/23/2006 | 5/30/2006 7 8 B Yes | 0,000/19.0 79,000 220,000
33| 5/23/2006 | 5/23/2006 | 5/30/2006 | 7 8 B Yes | 0000/18.5 70,000 160,000
34| 5/23/2008 | 5/23/2006 | 5/30/2006 7 8 B Yes | 0.000119.4 100,000 190,000
35 | 5/23/2006 | 5/23/2006 | 5/30/2006 | 7 8 B Yes | 0.000/20.2 14,000 54,000
36| 5/24/2006 | 5/24/2006 | 5/29/2008 5 1 4 c No | 73.21176 100 200
37 | 5/24/2008 | 5/24/2006 | 5/20/2006 5 4 c No | 70.0/7.2 100 300
38| 5/24/2006 | 5/24/2008 | 5/29/2006 5 4 ¢ No | 71.5/17.3 100 200
38 | 5/24/2006 | 5/24/2006 | 5/29/2008 5 4 c No | 748176 100 200
40| 5/24/2006 | 5/24/2006 | 5/20/2006 5 4 c No | 73.9/173 300 200
41| 5/24/2006 | 5/24/2006 | 5/29/2006 | 5 20 | C No | 789/120 1,100 1,000
42| 5/24/2006 | 5/24/2008 | 5/29/2006 | 5 20 c No | 77.5/13.1 900 1,000
43| 5/24/2008 | 5/24/2006 | 5/20/2006 | 5 20 c No | 79.1/124 500 700
44| 5/24/2008 | 5/24/2006 | 5/29/2006 5 20 c No |  80.1/125 600 900
45| 5/24/2006 | 5/24/2006 | 5/29/2008 5 20 c No | 81.5/12.3 1,200 800
46| 5/24/2008 | 5/24/2006 | 5/29/2006 5 17 c No | 78.7/128 800 100
47 | 5/24/2006 | 5/24/2006 | 5/29/2006 5 17 c No | 78.4/129 1,000 500
48 | 5/24/2006 | 5/24/2006 | 5/20/2006 5 17 c No | 80.3/129 800 500
49| 5/24/2006 | 5/24/2006 | 5/29/2006 5 17 c No |  79.3/13.0 900 800
50 | 5/24/2006 | 5/24/2006 | 5/20/2006 5 17 c Ne | 810/124 500 300
51| 5/25/2006 | 5/26/2006 | 5/28/2008 | 3 10 D Yes | 0.002/26.9 2,900,000 27,000,000
52 | 5/25/2006 | 5/25/2008 | 5/28/2006 3 10 D Yes | 0.000/22.0 1,400,000 4,600,000
53| 5/25/2008 | 5/25/2006 | 5/28/2006 3 10 D Yes | 0.000/21.9 ~ 940,000 3,700,000
54 | 5/25/2008 | 5/26/2006 | 5/26/2008 | 3 10 D Yes | 0.000/22.6 1,800,000 9,200,000
55_ | 5/25/2006 | 5/25/2006 | 6/3/2008 9 10 D Yes | 0.000/24.1 1,000 1,000
56| 5/25/2006 | 5/25/2006 | 6/5/2006 | 11 20 D Yes | 0.000/22.4 170,000 440,000
57 | 5/25/2006 | 5/25/2008 | 6/5/2006 | 11 20 D Yes | 0.000/22.4 72,000 310,000
56 | 5/25/2006 | 5/26/2006 | 6/5/2006 | 11 20 D Yes | 0.000/23.2 260,000 400,000
§9 1 6/25/2006 | 5/25/2006 | 6/5/2006 | 11 20 D Yes | 0.000/22.0 180,000 720,000
60 | 5/25/2006 | 5/25/2006 | 6/5/2008 | 11 20 D Yes | 0.000/23.1 120,000 300,000
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Table 6. Ki'erages and Ranges for Micro Data From theuGrou:id Beef 'Shrvéy’ (Study

V).
Samples Aerobic Anaerobic Low High Low High

Count Count | Aerobic | Aerobic | Anaerobic | Anaerobic
Average Average Count Count Count Count

CO-MAP 319,000 1,677,000 1,000 | 2,900,000 1,000 | 27,000,000

High 1,650 1,580 100 10,000 200 13,000

Oxygen-

MAP

Figures 10 and 11 show plots of anaerobic and aerobxc plate cmmts respectwely, vs.
the attnbutes of fat level and the presence or absence of caﬂ)on mon0x1cie

: zFlgure 10. Anaemblc PIate Colmt vs. Attnbutes (Study ‘V)
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Figure 11. Aerobic Plate Count vs. Attributes(Study V)
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Study VT (Appendix Three).

Study VI Objective:
To measure the anaerobic and aerobic plate counts of commercial meat samples
immediately after purchase and at time intervals under proper temperature storage (4°
C) until the end of the shelf life as determined by the printed “Use or Freeze by” date.

Study VI Method:

Thirteen packages of CO-MAP ground beef (containing 7 % fat with “use or freeze
by” dates of May 2, 2006, and twenty~f<}ur packages of CO-MAP ground beef (contalmng
7% fat with a “use or freeze by” date of May 4, 2006) were purchased in a single retail store
in the locai region. Five packages of CO-MAP ground beef with the | 006 “use or
freeze by” date and five packages of the CO-MAP ground beef with the M: y 4, 2006 “use or
freeze by” date were used in this study. Ten packages of the high oxygen-MAP ground beef
described in Study 11 (a brand containing 4% fat with a May 4, 2006 sell by date) were also

‘used in this study. Samples were transported on ice in coolers to S&J Laboratories Inc.

where they were stored in the dark in a controlled, 4° C refri gerator Microbial analyses were
conducted at time 0, and days 2, 4, 6, and 7, by methods described above. For the CO- -MAP
ground beef, one tray from each of the two sell by dates was analyzed fors sensory and mlcm
for each sample period. For the high oxygen MAP samples, ‘micro aneﬂyses were runin
duplicate. See Appendix Three for experimental results,




Study VI Results Summary
High levels of bacteria indicative of spoilage were found in samples of CO-MAP
-ground beef that had been purchased and then stored inthe dark at 4°C (392° F) and
analyzed periodically until the “Use or Freeze By “date had been reached. The counts were
much hlgher than for the high oxygen-MAP gmund beef samples treated in the same way.

Study V1 Discussion
; Ofthe three lots of meat purchased for Study 2, enly one could be used for the

; temperature abuse study, because the other two, with “Use or Freeze By” dates of May 2,
2006 and May 4, 2006, had very high plate counts. These meat sampies were stored in the
dark at 4° C and, periodically, a package of each lot was removed from the feﬁ'xgeratc)r and
analyzed for aerobic and anaerobic plate count. Samples of high cxygen—MA? with a “Sell
By” date of May 4, 2006 were also refhgerated and analyzed sxmxiarly The results

- presented in Table 7, and graphi

lly in Frgure 12 show two distinct po;mlatmns “The CO-

MAP meat exhxbxted bacterial counts of greater than 107, indicative of spoilage, up to five
days before the “Use or Freeze By” date, even though the} ‘had not been subjected to any
‘temperature abuse and were stored under reﬁ*ngeratwn at 4° C, These meat samples appeat‘ed
bright red and fresh looking. In contrast, the meat packaged in the high oxygen-MAP system
showed much lower plate counts.

Table 7. Bacterial Counts on Commercml Meat Samples asa Functmn of Shelf foe

(Time until “Sell By” or “Use or Freeze By”

* Dates are Reached) Study VI.

ﬁ Anaerobic ‘

Days | Aerobic | Anaerobic | Aetobic Anaerobic Aerobic
Remaining Plate Plate Plate Plate Plate Plate
until Sell Count Count Count © | Count Count Count
or Use by High High CO-MAP | CO-MAP | CO-MAP | CO-MAP
Dates Oxygen- | Oxygen- | 5/2/06 Use | 5/2/06 Use | 5/4/06 Use | 5/4/06 Use
Reached MAP MAP by by by by
' 5/4/06 Sell | 5/4/06 Sell
by by
7 1,000 200 530,000 | 3,400,000
7 1,600 800 Bz
5 1,000 200 3,900,000 | 12,000,000 | 41,000,000 42,000,000
5 800 500
3 3.200 2,300 480,000 1,000,000 | 62,000,000 | 71,000,000
3 31,000 28,000
1 5,000 5,300
1 7,000 21,000 2,100,000 | 28,000,000 | 39,000,000 | 43,000,000
0 19,000 40,000 ‘
0 24,000 34,000 46,000,000 | 44,000,000
-1 2,200,000 | 6,000,000 N
-2 1,800,000 | 4,400,000




Figure 12. Anaerobic and Aerobic Plate Counts of Commercial Meat Samples as a
Function of Days Remaining on Package Date. Study VL.
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C omb_iﬁed Results ﬁom]S!udié.‘éIV and I’i

-~Both Studies IV and V show significant differences in the bactenai counts between
samplcs of CO-MAP and high oxygen~MAP ground beef samples. The average plate counts
for the CO-MAP ground beef samples were found to be much higher than those for the high
oxygen-MAP ground beef samples.

- Figure 13 shows a graph of the anaerobic and aerobic plate count of the CO-MAP and high
oxygen-MAP gmund beef samples from Study IV and Study V plotted as a function of the

- number of days remaining on the “Sell By or “Use or Freeze By” dates. The graph shows a

_clustering of the data into two distinct regions, with the CO—MAP ground beef samples
generally showing much higher Imcrobial levels. Some of the samples of CO-MAP ground

_beef had bacterial levels greater than 107 at the time of purchase and within the “Use or
Freeze By’ ” date pnnted on the packages.




Flgure 13. A Comparlson of Bactenal Cnntammatwn Levels in Commemal Gmund
Beef. A combmatmn of Data l‘rom Studles IV and V.
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C ambmcd Results from S'tud:es I T/’ I" and V1.

I[' one mciudes the data from Study VI, where both CO—MAP and hxgh oxygen-MAP ground
beef packages were purchasod stored under g g,ood reﬁ1gerat10n conditions and analyzed up
until the “Sell By” or “Use or Freeze By” dates, the resulung graph is that shown in Figure
14. The data shows distinct differences in mlcrobl al contammatnon Iewls between CO~MAP
and hlgh oxygen-MAP ground beef samples '




Figure 14. A Comparison of Bacterial Contamination Levels in Commercial Ground
Beef. A combination of Data from Studies IV and V and Data on Refrigerated Storage

~ Days Remaining on "Sell" or "Use By" Dates

from Study VI
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T‘he data in this report lend further support to the food safety and consumer deceptlon
concerns set forth in the Kalsec citizen petmon ‘and related submxssrons to the agency
concerning the use of carbon monoxide in fresh meat packaging. These findings indicate
that CO-MAP ground beef sold at retail can remain red and fresh in appearance under

_conditions in which the meat has been temperature abused or contain bacteria levels
indicative of spoxlage In addition, these findings raise concerns regarding the

- microbiological quality of CO-MAP gmund beef that is sold in @ retail outlets. (See also

: reqults ﬁ'om fimited study pubhshed in (“ons‘umer Reparts at 51 (July

Respectﬁﬁly submatted

%,,/Z ottt

o " o " Donald R Berdahl, Ph.D.,
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S & J Laboratories, Inc.
Report To: Dr. Don BerdahtMr. Greg Reynhout {Kalsec®, Ine)
From: James C. Lin, Ph.DD. (8 & J Laboratories, Inc.) "‘:r"( 4-‘;;:je . I8

Date: May 13, 2006 "‘} !

Title:  Microbial profiles, color, and sensory evaluation of commercial packaged ground beel'u
- determined storage conditions,

nder pre-

SUMMARY

Commercially available MAP ground beef p‘ukaem including Hi-Ox wamp}c\ (82% oxygen/18% carbon
dioxide) and CO-pk (0.4% CO) were used 1o study the mmpcmluré time effect on mmmlm%gpm! color
and sensary profile. The microbial duta of cach study group were presented: the effects of
temperatureés/time on the beef color & sensary tmpact were measured. A preliminary survey of
commercially available ground beef in a variety of packaging was covdu;ud 1o determing whether the
high plate counts nbserved in many of the CO-pk samples was an anomaly. Tentative wnclmmns bused
on: current experimental design and data, were drawn,

MATERIALS & METHODS

L'Hdic { it {4}

The analyses on the ground beel packages purchased from Toda! supermarkets were $
i carhon dioxide) and CO-pk

studics. Each study group contained both Hi-Ox samples (82% oxvgen/1 §2
(0.4% CO).

Study L. Samples were kept at 217°C {70°F) for up 10 24 hours under fluorescence fight, Control
samples were stored in the dark’at refrigeration temperarire {4°C, or 397 T) Tnwial very high
plate counts n the C O-pk %amplc,s led to this study being repeated.

Study 7. Smudy one was repeated using a different, lower plate count CO-pk meal sample. Sar ples
were kept at 21°C (70°F) for up 10 28 hours ander ﬁqmmcmcc. Ewh

Study L. Samples were abused at 21°C (70°F) for § hours under fTuorescence light. and then kept
refrigeration ternp (4°C, or 39°F) umtil the end of their Iabeled use by date,

Study IV, Samples representing a variety of packaging forms were purchased and immediately
analyvzed for plate count,

All myestigations were carried out on the premises of S&I Laboratories, Inc., Portags, M’I
Microbiologival analyses, including aerobic plate count and dnacmzm plat count, were permrmw by &
& J Laboratorics personnel. Color measuremenis (acm*ﬂt*ﬁg ., 2%, and b* values), using 2 Minolta CR-
300 hand held Colorimeter were conducted by Kalsec” pv‘mnm! The sensory evaluation was
conducted by sniffing the odor right after sample packages were opencd, with both S&1 Lab and Kalsee”
personne! being involved 1 the evaluation. Kalsec® personnel also photographed all meat packages at
each study stage. ¢ )wgcn and carhun dioxide levels in the atmaspheres of certain packages were
seasured by Kalsee® personne! using a Dansensor Checkmate 9900,
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S & ] Laboratories, Inc.

RESULTS AND DISCUSSION

Studv §. Temperature Abuse 21°C (70T

nd aerobic plate
fw/e. Anacmblc and
'atmhsc couints for the Hi-Ox ‘zamples ey ended up over thc course of the !ud) reaching Tx j
~end of the study. Given the high initial plate count of the CO-pk samples, it wa
study with different mest samples,

[ emdml to repeat this

No colorimetry was done on this study, but by visual inspection, the CO-pk samples reman d bright red
and [resh-looking throughout the temperature abuse interval, The red color of the High-Ox 'amplex -
dropped throughout the test, reaching w hat was deemed as vnac ceptable at .:bout 16 hours

In Table 1B, both Hi-Ox & CO-pk samples had similar frésh beef odor, except CO-pk sample #2 h”ﬁd
slight sulfur compound odor.” Hi-Ox samples showed slight buttery, oxidized odor af‘t(r.l(v hours an 1
Intensity of this aroma grew throughout the rest of the test. Thie sulfur aroma became more no
16 hours into the test.

Study (L 21°C (F0°F) under fluorescent light for 28 hours

In Table 24, the initial bacteria count %hom.d little difference between Hi-Ox and CO-pk ground heef,
Hi-Ox was at 10°~10° and C()—pk was at ~ 10" Sxf.mﬂ‘.am dtf‘fcrmurs were observed right after § hours
temperature 'lbtlbe Hi- ()*( samy w]eq Lepx at ]0\\? ;mtc cm*m ~10° ,fm m{h aerehie and aw.wobu plate

‘«‘uh?Ch thc mumhmx count reac *u‘l ~1U N shme testing samphs \\?n:u,as Hi-Ox sam’ﬂcs were
mainlained around ~10°, The CO environment enhanced the g growth of anacrobic microorganisms. Hi-
Ox samples also reached ~10° after 24 hours, and further grew 10 ~ 10 after another 4 hours, CC )»pk
reached -10° (anaerobic) a‘iu 16 hours at 21°C under fluoreseence hight & eventually reached <~

For CO-pk samples, the color was consisient ﬂvmm 1out the entire study (Table 2B, redness: a% value ~
26} despite the microbial count increased from =107 to ~ 107, whereas the Hi-Ox s‘imrlw'ao‘»t its hwi "
redness gradually from ~25 10 15 in 28 hours, Hi-Ox samples nol only fost i3 rc(mms the de
its brightess also abserved (1.7 values, Kalsec® dam) uulmg 28 imvrs md“
mainly due to the metabolites generated thirin ; X
lowered pH value. If the study persisted, the dtpletcd ox»ﬁcn in ;o:‘gunctwn with thc lowered pH will
cventually denatured meat protein and altered the color to dark brown. a scenario known as meti=
myoglobin . On the other hand, € ()-pl\ samples always preserve its bright redness desprte the microbial
load. pH value, even the PI (iso-clectric point, ~5.4) was reached. However, the Tost ol water holding
capacity was noticeable by observing runming meat juice in some C O-pL samples after 12 huun 4t 219
This exudation may be due 1o the Pl point reached hence the myoglobin denatured.

Both H:-Ox & CO-pk samples had similar fresh beef odor initially (Table .
incubation at 21°C, Hi-Ox samples began 1o show stightly oxidized, 1
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S & ] Laboratories, Inc.

to have slightly sulfur compoeund odor. For Hi-Ox samples, the intensity of the owimd, rancid ador
increased in each of 4-hour evaluation, whereas CC )-pk samples also increased the strength of the muquc
unpleasant sulfur compound odor at each 4-hour evaluation pertod. It mayv be that CO-pk créates a
favorable environment for anaerobic & facultative anaerobes to grow & generates sulfur-containing
compounds in the head space of the meat package. This sulfur aroma was not detectable in any of the
Hi-Ox samples.

Study L 219C (70°F) 8 hours under fluorescent light & stored af 4°C (39.2°F) refrigeration

Inmial bactena count \m\wd difference between Hi-Ox and CO-pk ground beel,
and C (')»pk was at -10° (Table 3A). "Afier 8 hours abuse at 21°C, Hi-Oxs emplcx rmmmu{ at fow fevels
{~10%) for both aerobic and anacrobic plate counts, whereas CO-pk samples increased 1 Tog eyele 1o

~ 10 for both acrobic and anaerobic, Refrigeration afier first & hours temp abuse (21°C) did slow the
subsequent rate of microbial growth for both sam k,s Microbiul counts alter 20 hours I‘C{I‘ILLRI’I{‘IH
showed Hi-Ox samples remaining at Tov 7). whereas the CO- Pk wm;ﬁ e hétwéen the ™
mid and high end of -10°. From the datg on llw 1h1rd day (4/25/06), 1t appears that CO-pk had reached
its stationary phase with microlal counts at ~§f) and kept at similar log values throughout the rest of the
study. The microbial counts of Hi-Ox samples inereased much slower & rosched ~ 10" on May 3%, 2006,

107

For CO-pk samples, the color was in a narow range thronghous ;m study (Table 3B, redness: 2% value:
26~ 29) despite the microbial count increased from ~ 107 to ~107. Hi-Ox samples lost their Tright
redness right after the first § hours at 70°F (from ~25 1o 193, and n.mznru.d at a somewhat simuiar value
thereafter. Since Hi-Ox sarr’plw were stored at 4°C after the § hours of temp zbuse, the final microbial
counts did not exceed 107 hence the colors were maintained. The C 0~~m maintained almost the same
eolor throughont the study.

Both Hi-Ox & CO-pk %ampk\ had sismidar fresh beef odor initially (Table 3C). However, after § hours
incubation at 217C {70°F). Hi-Ox samples began to show a slight oxidized, rancid odor & CO-pk
samples started to exhibit a slight sulfur compeund odor. For Hi-Ox samples, the miensity of the
oxidized, rancid ador remained at a very similar level throughout the study. On the other hand, the
sulfur compound note developed fuster 1 CO-pk samples, The $-hour {emp 'mw;e may accelerate the
ador development,

;‘;tud\f IV, Preliminary Survey of Plate Counts of Commereial Ground Beef Samples

Various samples of ground beef were purchased by Kalsee® pérsonnel and transported to S&J
laboratories in covlers, The bacteria counts of freshly-purchased eround beef samples in various Iypes ol
packawng are shown in Table 4. Additional instances of high plate counts in CO-pk meat samples have
been found - within the use or seil by dates. Only one sample with over 107 plate cox it ' a High-Ox
sample was found. The bright red fresh-looking color ol all the CO-pk samples

T |
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S & J Laboratories, Inc.

AJojorqoIn iy

YNIEISIY

Hi-Ox and CO-pk ground beel packages developed two different odor and color patterns that are very
easy to differentiate, The traditional visual evaluation to predict ground beel quality that was as
with meat freshness and microbial load can no longer be used as an indicator where CO-pk ground beef

was involved.

A preliminary survey of meat available 1o consurmiers indicates that very high microbial plate counts are
ubserved more often i CO-treated meat than in the other forms available. We recommiend investipation

of additional samples to verily this.

&
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Table 1A, The microbial profile of ground beefksamplcs abused at 21 °C, (70 °F) under fluorescent light for 24 hours.

High Ox G.B. High Ox G.B. CO Packed G.B. CO Packed G.B.
Sample # 1 Sample # 2 Sample # 1 Sample # 2
(80% Lean, sell by (80% Lean, sell by (2% Lean, use or freeze | (92% Lean, use or freeze
TESTING TIME ANALYSIS 4723006y 4113106) by J/18/06) ' by 4/18/06)
411706 12 AM. Af.:mbi'cl Plate Count/gm 400 1,600 2,500,000 3,000,000
/17/06 12AM. | Anacrobic Plate Count/gm 700 1,300 3,100,000 3,600,000
{17/06 8 A.\I Aerobic Plate Count/gm 3,000 6,000 5,000,000 1 14000?000
4/17/06 8 AM. Anaerobic Plate Count/gm 110,000 3,006 : 6,000,000 13,000,000
4717106 12 PM. Acrobic Plate Count/gm 8,000 17,000 12,000,000 9,000,000
4/17/06 12 P.M. Anaerobic Plate Count/gm 19,000 27,000 13,000,000 15,000,000
4/17/06 4 P M. Aerobic Plate Count/gm 290,000 110,000 15,000,000 5,600,000
4/17/06 4 PM. Anaerobic Plate Count/gm 840,000 130,000 24,000,000 ~thmm
4/17/06 8 P M. Acerobic Plate Count/gm 1,700,000 1,900,000 19,000,000 23,000,000
4/17/06 8 P.M. Anaerobic Plate Count/gm 1,500,000 23000,600 13,000,000 21,000,000
4/18/06 12 A M. —T\crobic Plate Countigm 1»0,000,000; 3 ,000,000 | ‘?9,@00,000 14,000,000
4 18!’06_12 AM. Anacrobic Plate Count/gm | 13,000,09 | 1 5-,000.003 12,000,000 1 14,0005506

—

Reference: Official Methods of Analysis of AOAC International, Ch.17, 17" edition, 2000. Bacteriological Analytical Manual By AOAC, 8"
edition, 1998 Reviston A.
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Table 1B. The sensory evaluation of ground beef samples abused at 21 °C, (70 *F) under fluorescent fight for 24 hours.

TESTING TIME

High Ox G.B.
Sample # 1&2
(80% Lean, sell by 423/06)

CO Packed G.B.
Sample # 1&2

(92% Lean, use or freeze by H18/06)

4/17/06 12 A M.

Fresh beef odor

Very slight sulfur comp odor

4/17/06 8 A M.

No off odor detected

Very sﬁgh‘l sulfur comp odor

41706 12P.M.

No off odor detected

Slight sulfur comp odor

4/17:06 4 P.M.

Slight butter /oxidized odor

Noticeable sulfur comp odor

4/17/06 8P M. .

Off spoiled / sour odor

Noticeable sulfur comp odor

4/18/06 12 AM.

Off spoiled / sour odor

Strong sulfur comp odor
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Table 2A. The microbial profile of ground beef samples abused at 21°C (70°F) under fluorcscent light for 28 hours.

High Ox G.B. High Ox G.B. CO Packed G.B. CO Packed G.B.
Sample # 1 Sample # 2 Sample # 1 Sample #2
(96% Lean, sell by (96% Lean, sell by (96% Lean, use or freeze | (96% Lean, use or frecze
TESTING TIME ANALYSIS 814/06) 5/4/06) by 5/9/06) by §/9/06)
4/27/06 12 P M. Acrobic Plate Count/gm !-,OOO‘ 1,600 : 4,300 N/A
4127106 12 P.M. Anaerobic Plate Count/gm 200 800 6,800 N/A
4/27/06 8 P.M. Aerobic Plate Count/gm 1,000 2,000 79,000 | 91,000
4/27/06 8 P.M. Anaerobic Plate Count/gm 2,000 2,000 200,000 190,000
4/28/06 12 A M. Aerobic Plate Count/gm 8,000 - 9.000 510,000 560,000
4/28/06 12 AM. Anaerobic Plate Count/gm 4,000 4,000 1,400,000 640,000
4/28/06 4 AM. . Aerobic Plate Count/gm 100,000 136,000 1,100,000 !,000;000 b
4/28/06 4 AM. Anaerobic Plate Count/gm | 80,000 70,000 2,700,000 4,000,000
4/28/06 8 A M. Aegrobic Plate Count/gm 300,000 190,000 4,300,000 4,400,000
4/28/06 8 AM. Anacrobic Plate Count/gm 11,200,000 280,000; ;7€800,000 12,000,000
4/28/06 12 P.M. Aerobic Plate Count/gm 3,100,000 2,000,000 7,200,000 7,200,000
4/28/06 12 P M., Anaerobic Plate Count/gm 4,400,000 1,700,000 11,000,000 11,000,000
4/28/06 4 P M. Acrobic Plate Count/gm 243000;0(50 30,000,000 16,000,000 12,000,000
4/28/06 4 P.M. Anaerobic Plate Count/gm 28,000,000 26,000,000 "2‘3,000,000 28,000,000

1998 Revision A.
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- Table 2B. The color (a* value) profile of ground beef samples abused at 217°C (70°F) under fluorcscent light for 28 hours.

TESTING TIME

High Ox G.B.
Sample # 1 &2
(96% Lean, sell by §/4/06)

CO Packed G.B.

Sample # 1&2
(96%s Lean, use or freeze by 5/9/06)

427706 12 P M.

25.53+17

o

2611238

4/127/06 8 P.M

19.41+£3.34

4/28/06 12 AM.

20074113

4/28/06 4 AM.

17.88+0.60

4/28/06 8. AM.

17.52+0.18

4/28/06 12 P M.

14.69+1.89

26.1421.22

4/28/06 4 P M.

15.32+1.13

26911042

Page -§-




Table 2C. The sensory evaluation of ground beef samples abused at 21°C (70°F) under fluorescont light for 2‘1 hours.

TESTING TIME

High Ox G.B.
Sample # 1&2
(96% Lean, scll by 8/4806)

€O Packed G.B.
Sample # 1&2

(96% Lean, use or freeze by 5/9/06)

{27/06 12 P.M.

Fresh beef aroma

Fresh beefaroma

4/27/06 8 P.M.

Slight oxidized odor

Slight off, unpleasant odor

4/28/06 12 A M.

Slight oxidized odor

Off odor, sulfur comp odor

4/28/06 4 A M.

Oxidized, acidic or sour odor

Strong sulfur comp odor

4/28/06 8. AM.

- Oxidized, acidic or sour odor

Stronger sutfur comp odor

4/28/06 12 P.M.

Strong oxidized odor

Very strong sulfur comp odor

4/28/06 4 P.M.

Strong oxidized odor

Very strong sulfur comp odor
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* Table 3A. The microbial profile of ground beef samples abused at 21°C (70°F) § hours under fluorescent light & stored at refrigeration temp (4°C, 39.2°F).

High Ox G.B. High Ox G.B. CO Packed G.B. CO Packed G.B.
Sample # 1 Sample # 2 Sample # 1 Sample #2
(96% lean, sell by (96% Lean, sell by (93% Lean, use or freeze | (93% Lean, use or freeze
TESTING TIME ANALYSIS 514/06) 814/06) hy 5/9/06) by 5/9/06)
4/27/06 12 P.M. Aerabic Plate Count/ gm 1,000 1,600 210,000 N/A
4/27/06 12 PM. Anaerobic Plate Count/gm 200 800 200,000 N/A
4/27/06 8 P.M. Aeraobic Plate Count/gm 1,000 2,000 4,000,000 4,000,000
4/27/06 8 P.M. Anaerobic Plate Courit.«"gm 2,000 2.000 5,600,000 3,800,000
4/28/06 4 P.M. Aerobic Plate Count/gm 1,000 3,000 9,600,000 6,200,000
4/28/06 4 P.M. Anaerobic Plate Count/gm 1,000 2,000 8,500,000 7,400,000
4/29/06 4 P.M. Aerobic Plate Count/gm 4,000 9,000 21,000,000 19,000,000
4/29/06 4 P.M, Anaerobic Plate Count/gm 1,000 10,000 17,000,000 26,000,000
4/30/06:4 P.M. " Aerobic Plate Count/gm 6,000 8.000 38,000,000 48,000,000
4/30/06 4 P.M. Anaerobic Plate Count/gm ' 14,000 2 26,000 32.,000.000 37,000,000
S71/06 4 P.M. Aerobic Plate Count/gm 22,000 6,000 32,000,000 19,000,000
5/1/06 4 P.M. Anacrobic Plate Count/gm 64,000 20,000 34,000,000 32,000,000
5/2/06 4 P.M, Acrobic Plate Count/gm 11,000 18,000 38,000,000 14,000,000
872006 4 P.M‘,, 5 Anaerobic Plate Counti/gm 69,000 56,000 15,000,000 38,000,000
S13/06 4 P M. Aerobic Plate Count/gm 8,000 7,000 28,000,000 38,000,000
5/3/06 4 PM. Anaerobic Plate Count/gm 260,000 310,000 27,000,000 45,000,000
5/4/06 4 P.M, Aerobic Plate Count/gm 120,000 120,000 21,000,000 21,000,000
5/4/06 4 P M. Anaerobic Plate Count/gm 270,000 490,000 23,000,000 23,000,000

¥ Reference: Official Metheds of Analysis of AOAC International, Ch.17. 177 edition, 2000. Racteriologicul Analytical Manual By ADAC, 8” edition, {998 Revision A.
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Table 3B. The color (a* value) profile of gmund beef samples abused at 21°C (70°F)

39 2°F).

§ hours under fluorescent light & stored at refrigeration temp (4°C,

TESTING TIME

High Ox G.B.
Sample # 1&2

(96% Lean, sell by §/4/06)

CO Packed G.B.
‘Sample # 1&2

(93% Lean, use or freeze by 5/9/06)

42706 12 P M,

25.53+1.76

26.44:1.04

4127106 8 PM.

19.41:3.34

27,401221

4/28/06 4 P.M.

2037:057

27.09£1.06

4/29/06 4 P M.

19.32+0.54

26.18x2.27

4/30/06 4 P M.

19262177

28.8420.83

5/1/06 4 P.M.

19.11£3.03

28.32+1.44

520064 PM. C20:18+0.79 29.2740.54
$/3/06 4 PM, 19.98+0.59 28.63:0.74
5/4106 4 P.M. 18.698+1.30 27.734:1.48




Table 3C. The sensory evaluation of ground beef samples abused at 21°C (70°F) 8 bours under fluorescent light & stored at refrigeration temp (4°C, 39.2°F).

TESTING TIME

High Ox G.B.
Sample # 1&2
(96 % Lean, sell by 8/4/06)

CO Packed G.B.
Sample # 1&2
(93% Lean, use or freeze by 5/9/06)

4/27/06 12 P M.

Fresh beef aroma

Fresh beef aroma

4/27/06 8 P.M,

Slight oxidized odor

Slight off odor, very slight sulfur odor

4728706 4 P M,

Slight oxidized odor

Very slight sulfur comp odor

4/29/06 4 P .M.

Slight oxidized odor

Sulfur comp odor

4/30/06 4 PM,

Shight oxidized odor

Noticeable sulfur comp odor

5/1/06 4 P M,

Slight oxidized odor

Strong sulfur comp odor

5/2/06 4 P.M.

Shght oxidized odor

Strong sulfur comp odor

5/3/06 4 P.M,

Slight sour, oxidized odor

Very strong sulfur comp odor

3/4/06 4 P.M.

Onadized odor

Very strong sulfur comp odor
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- Table 4, Prefiminary Sutvey of Plate Counts of Commercial Ground Beef Samples.

AYS OF
ANALYSIS | WHERE PURCHASE | SELL BY sr?ézjr LIFE | DANSENSOR | DANSENSOR | PERCENT CARBON

DATE | PURCHASED DATE DATE | REMAINING 02 cor FAT AEROBIC | ANAEROBIC | PACKAGE | MONOXIDE
5472006 A SRK6 | 51602005 7 103 17.2 4 25500 35000 | MAP YES
592006 A 382006 SI16. 2005 7 ( 197 £ 18,600 ST000 1 MAP YES
59,3006 A SIR0G | S172006 % B.001 207 § 170 550 L4000 | MAD YES
892006 A SRI06 5912006 3 a 20,3 25 10,000 110,000 | MAP YES
92006 A SRAG0E S o I M1 15 10060 150,000 | MAP YES
5492006 A SE006 1 5 LHG 2 0 204 2% 1500000 3600000 | MAP YES
592006 A SR006 | SiHIN06 7 0,44 158 13 2,100 005 4600000 | MAP YES
2006 B 592006 | 5Nt o 0 M3 0 15,000 32,000 | MAF VES
$:9.2006 1 5:3/2006 1) 0 19 W 55006 P | Mar YES
§0:20606 C S9:2005 2006 1 714 9.7 4 LN 10 | Map NO
59,2006 ¢ S02006 | 51553006 6 6u.3 86 17 1,300 2000 | MAP NO
5.9:2006 D $92006 | 5102006 ! 68 113 4 6,000 15,000 | MAP N
502006 b 5472006 | 3103006 1 766 [RE:] i3 14,001 41,000 | MAP KO

§ 92006 D 52006 | 37132006 4 782 116 23] 1 200 {400 1,700,000 1 MAP NO
592006 D $9006. | 152006 5 193 1t b 7700 12000 | Map NG
U006 D 302006 | 5/16:2006 1 167 137 4 501) 600 1 MAP NO
$9:2006 D 92006 | sia20te i 89 114 15 400 | MAF NO
5.G:2006 ¢ 392000 1 51002006 | NA NA 3 17,000 | Overwrap NO
503006 K SQI006 | 3112006 3 NA CNA 10 17,000 19000 | Overarp | NO
$4G06 I 303006 |7 $H12006. 3 NA NA 14 60010 21000 | Overwrsp | NO
592006 ¢ S9a006 | $11.2006 > NA NA 34,000 1,000 | Overwrap | NO
590006 G 592006 | $92006 o NA NA 27 54000 51001 | Paper Wrap | NO
592006 0 S92006 § 5/162006 ? NA NA 7 3,900 3500 | Chub NO
42773006 ¢ 4277006 | sa2006 7 NA NA K 1300 500 | MAP NO
42752006 A 427006 | $92006 12 NA NA A 42300 5500 | MAP YIS
42773006 A 212006 | Se2006 12 NA NA 7 210600 300,00k | MAP YES -
A6 A 1272006 37422006 7 NA NA 7 330,600 3400000 T MAP YIS
42772006 ari0s | sinoon 3 NA NA 7 3900000 12,000,000 | MAP YIS
F1T006 A 2153006 1 4830604 Sy NA . NA 8 2730009 2350000 | MAP YES
41T ¢ 4162006 | 4232006 4 NA NA 20 1000 1000 | MAP NG

* Reference Official methads of Analysis of AOAC {nternationnl, Ch 17, 17ih odifion, 2000, Bacleriologies] Analyticsl Mandal By AOAC, 8th edition. 1998 Revision
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'S & J Laboratories, Inc.
Report To: Dr. Don Berdahl/Mr. Greg Reynhout (Kalscc’t Inc.)

From: James C Lin, PhD. (S & J Laboratories.

A
4

Date: June 1. 2006

Title:  Microbial profiles of commumai paukagcd Lm\md bccf a(companmn of dif! fcrcm MAP
packaging Iu.hnolowcs usmg rcphcatm

LR

¥ _onm,l and Lmnsportcd 10 S&I
Labs m coolcrs and analvnd for acrob;c and anacmb:c plalc count usmg, standard methods, Where

ix:gm plmc counts in commcrcml C (")*pl qamplcs fdm\c to H1~0\ samplce,

MATERIALS & METHODS

Samples representing Hi-Ox and CO-pk packaging forms were pnrchased nd xmmcdmleix ana
plate count. All investigations were carried out on the premises of S&J Labomionca Inc., Portage,
Microbiological analyses, including acrobic plate count and anacrobic plate count, were pcrtmmcd by S &)
Laboratorics pcrsonncl ()M gen and carhon dioxide levels i the atmospheres of certain packages were
measurcd by Kalsec™ personnel using a Dansensor Checkmate 9900,

Micro analvsis was conducted under aseptic sampling
ed., 10085, Sampks were first physically divided info six |
2nd, 4th & 6" portions) was collocted and mixed thorou
mixed sample was withdrawn into a filtered stomacher bag an
added to provide a 10-fold dilupon. A further dilution pmtoco! was Foﬁowcd to dzluu‘ up to i 000,00()
times. Petrifilm® was used in this study (AOAC official methods 990.12).

RESULTS AND DISCUSSION

Various samples of ground beef were purchased by kakcc‘ personnel and transported to S&J Inboratories
in coolers. The samples were analyzed for microbial count the same da} they were purchasad The coded
identity of the samples and the associated bacteria counts of freshly- -purchased g,mtmd beel 5aniplc‘; in
various types of packaamg are shown in the attached table, “Tnall ‘cimcsbm onc {Samples $1255), five
replicates with the same “usc or frecze by or scll by™ dates were pumham,d and analyzed.  Additional
instances of very high plate counts in CO-pk'meal sampl haw been found — within the “use or frecze by”
dates. The h:g,hcet platc count seen for the CO-pk samples was 27,000 {)OQ o/ g, with many samples
exceeding 107 efive, . No Hi-Ox sampks (:\:cccdcd 13,000 cfu/g, ami mo:s! were mu«,h lower than that.
All the samples had a bright red and fresh appearance.
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contamination. T!ns siudx supports £ht., condusmn of a pn,llmman surve o{ m}cat avaltablc to consumers,

that very high microbial plale counts are observed more often in C O-treatod meat than in the other forms
available,
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Table {. Plate Counts for Commercially Available Ground Beef Samples

Sampl | Purchase | Analysis | SeliBy | , .. | Location cor Head Space Aerobic Plate Anaerobic Plate
e# Date .  Date Date | Purchased B %02/°%6C02 Count {cfuig) Count (cfu/g)
1 | 5/22/2006 | 5/22/2006 : 5/24/2006 | 10 A No 80.7/111.4 1,000 2,000
2 | 5/22/2006 | 5/22/2006 | 5/24/2006 10 A No 81.5/118 6,000 13,000
3 | 5/22/2006 | 5/22/2006 | 5/24/2006 | 10 . A No 67.7/106 3,000 3,000
4 5/22/2006 | 5/22/2006 | 5/24/2006 | 10 A No 82.4/11.7 10,000 3,000
5 5/22/2006 | 5/22/2006 | 5/24/2006 | 10 - A No 80.4/11.7 6,000 6,000
8 | 5/22/2006 | 5/22/2006 | 5/29/2006 | 20 A Nao 84.3/10.3 500 600
7 5/22/2006 | 5/22/2006 | 5/20/2008 | 20 A No 83.8/10.5 700 800
8 .. | 5/22i2006 | 5/22/2006 | 5/28/2006 | 20 A No 84.1/10.6 900 1,200
9 | 5/22/2008 | 5/22/2006 | 5/29/2006 | 20 A _No 826/10.1 700 300

© 10 | 5/22/2006 | 5/22/2006 | 5/29/2006 | 20 A . No 82.7/10.3 900 700

11 5/22/2006 | 5/22/2006 | 5/28/2006 4 A No 84.6/12.3 2,100 700
12 | 5/22/2006 | 5/22/2006 | 5/28/2006 | 4 A No 83.21125 3,100 2,800
13 | 51222006 | 5/22/2008 | 5/28/2006 | 4 A No §0.9/12.4 2,000 1,400
14 | 5/22/2006 | 5/22/2006 | 5/28/2006 | 4 A No 82.9/13.0 1,100 1,800

|15 | '5/2212006 | 5/22/2006 | 5/28/2006 4 A No 828127 2600 2,700

16 | 5/23/2006 | 5/23/2006 | 6/1/2006 7 B Yes 0.024/17.4 160,000 290,000
17 | 5/23/2006 | 5/23/2006 | 6/1/2006 | 7 B Yes 0.003/18.0 39,000 120,000
18 | 5/23/2006 | 5/23/2006 | 6/1/2006 ' 7 B Yes 0.001/17.7 220,000 290,000
19 | 5/23/2006 | 5/23/2006 | 6/1/2006 | 7 8 Yes -0.000/18.0 99,000 180,000

i 20 | 5/23f2006°| 6/23/2006 | 6/172008 7 B Yes 0.000/18.6 61,000 120,000
21 | 52372006 | 5/23/2008 | 5/31/2006 . 15 B Yes 0.000/18.1 12,000 58,000
22 | 5/23/2006 | 5/23/2008 | 5/31/2006 | 15 B Yes 0.000/18.5 19,000 28,000

~~~~~~~~ 23 | 5/23/2006 | 5/23/2006 | 5/31/2006 | 15 B Yes 0.000/19.2 9,000 40,000
24 5/23/2006 | 5/23/2006 | 5/31/2008 | 15 B . Yes 0.000/18.4 11,000 78,000
25 1 5/23/2006 | 5/23/2006 | 5/31/2006 . 15 B Yes 0.000/19.0 35,000 48,000
26 | 5/23/2006 | 5/23/2006 | 5/31/2006 4 B Yes 0.000/18.1 120,000 210,000
27 5(23/2006 | 5/23/2006 | 5/31/2008 4 B Yes 0.000/18.8 130,000 330,000
28 | 5/23/2006 | 5/23/2006 | 5/31/2008 | 4 8 Yos 0.000/18.8 120,000 - 330,000
29 | 5/23/2006 | 5/23/2006 | 5/31/2006 | 4 B Yes 0.000/18.4 140,000 380,000
30 5/23/2006 | 5/23/2006 | 5/31/2006 4 B Yes 0.000/18.6 180,000 300,000
31 | 5/23/2006 | 5/23/2008 | 5/30/2006 8 B Yes  0.000/18.4 110,000 220,000
32 | 5/23/2006 | 5/23/2006 | 5/30/2008 | 8 B Yes 0,000/19.0 79,000 220,000
33 | 5/23/2008 | 5/23/2006 | 5/30/2006 8 B Yes 0.000/18.5 70,000 160,000
34 | 5/23/2008 | 5/23/2008 | 5/30/2006 8 B  Yes 0.000/19.4 100,000 190,000
35 | 5/23/2008 | 5/23/2006 | 5/30/2006 8 B Yes 0.000/20.2 14,000 54,000
36 | 5/24/2006 | 5/24/2006 | 5/29/2008 4 C No 73.2117.6 100 200
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5/24/2006

300

a7 5/24/2006 | 5/29/2006 4 c No - 70.0/17.2 100

38 | 5/24/2006 | 52412006 | 5/29/2006 4 c No 7150173 100 200
39 | 5/24/2006 | 5/24/2006 | 57292006 | 4 C No 74.817.8 100 200
40 | 5/24/2008 | 5/24/2006 | 5/29/2008 4 c “No 73.9117.3 360 200
41 | 5/24/2006 | 5/24/2006 | 5/29/2006 | 20 C No 78.9/12.0 4,100 1,000
42 | 5/24/2006 | 5/24/2006 | 5/29/2008 20 G No 77.5/13.1 800 1,000
43 | 5/24/2008 | 5/24/2006 | 5/20/2006 | 20 c No 79.1/12.4 500 700
44 | 5/24/2006 | 5/24/2006 | 5/29/2006 20 c No 80.112.5 500 900
45 | 5/24/2006 | 5/24/2008 | 5/29/2006 | 20 C No 81.5/12.3 1,200 800
46 | 5/24/2006 | 5/24/2006 | 5/29/2006 17 c No | 797126 800 100
47 | 512412008 | 5/24/2006 | 5/29/2008 17 o No = 794128 1,000 500 -
4B | 5/24/2006 | 5/24/2008 | 5/29/2006 | 17 c No - 80.3/12.9 600 500
49 | 5/24/2006 | 5/24/2006 | 5/29/2008 17 C No 79.3/13.0 900 800
50 | 5/24/2006 | 5/24/2006 ' 5/29/2006 | 17 c No 81.0/12.4 500 300
51 | 5/25/2006 | 5/25/2006 = 5/28/2006 10 D Yes 0.002/26.9 2,900.000 27,000,000
52 | 5/25/2006 | 5/25/2006 @ 52812006 | 10 D Yeos 0.000/22.0 1,400,000 4,600,000 -
53 | 5/25/2006 | 5/25/2006 | 5/28/2006 10 D Yes 0.000/21.9 940,000 3,700,000
54 | 5/25/2006 | 5/25/2006 | 5/28/2006 10 D Yes _ 0.000/22.6 1,800,000 9,200,000
55 | 5/25/2008 | 5/25/2006 . 6/372006 1Q D Yes - 0.000/24.1 1,000 1,000
56 | 5/25/2006 | 5/25/2006 ; 6/5/2008 | 20 D Yes 0.000/22.4 170,000 440,000
57 | 5/25/2006 | 5/25/2008 ' 6/5/2006 | 20 D Yes 0.000/22 4 72,000 310,000
58 | 5/25/2006 | 5/25/2006 | 6/5/2006 | 20 D Yes . | . 0.000/23.2 260,600 400,000
59 | 5/25/2006 | 5/25/2006 | 6/5/2006 | 20 D Yes. 0.000/22.0 180,000 720,000
B0 | 5/25/2006 | 5/25/2006 | 6/5/2006 | 20 D Yes - 0.000/23.1 120,000 300,000
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» MICROBIAL PROFILE OF GROUND BEEF: 4°C STORAGE
REPORT DATE: May 8, 2006 SAMPLE RECEIVED: April 27, 2006
P.O.NUMBER: TBD INVOICE, NUMBER: TBD
! Testing Date/Time: April 27, 2006/12:08 p.m.
1 ANALYSES High Ox G.B. High Ox G.B. CO Packed G.B. CO Packed G.B.
1 Sampie # 1 ' Sample#l 2 Sample # 1 Sample # 2
‘ Acrobic Plate Count/gm 1,000 1,600 530,000 3,900,000
Anacrobic Plate Count/gm 200 800 3,400,000 12,000,000
Testing Date/Time: April 29, 2006/4:00 p.m.
ANALYSES High Ox G.B. High Ox G.B. CO Packed G.B. CO Packed G.B.
] Sample#i _ Sample#2 | Samplefl |  Sample#2
Aerobic Plate Count/em 1,100 500 o a1000000 | 480,000
Anacrobic Plate Count gm 200 300 42 000,000 1000000
" v
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MICROBIAL PROFILE OF GROUND BEEF: 4°C STORAGE.
REPORT PATE: May 8, 2006 ‘ = sutm:;iscswan: April 27, 2006

P.0. NUMBER: TRD o : : INVOICE NUMBER: TBD

Testing Date/Time: May 1, 2006/4:00 p.m.

ANALYSES High Ox G.B. High Ox G.B. €O Packed G.B. €O Packed G.B.
Sampie # 1 Sample # 2 Sample # 1 ‘ Sample #2
Aerobic Plate Count/gm 3200 | 31000 1 62,000,000 2,100,000
Anacrobic Plate Count/gm | 2,300 28,000 71,000,000 28,000,000

Testing Date/Time: May 3, 2006/4:00 p.m.

ANALYSES High Ox G.B. High Ox G.B. CO Packed G.B. CO Packed G.B.

e o |  Sample#l |  Sampled2 | = Sample#! |  Sample#2
Acrobic Plaic Count/gm 5,000 7,000 19.000,000 - 2,200.000
Anacrobic Plate Countigm 5,200 21,000 43,000,000 6,000,000
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MICROBIAL PROFILE OF GROUND BEEF: 4°C STORAGE

- REPORT DATE: May 8, 2006 N : SAMPLE RECEIVED: April 27, 2006
- P.O. NUMBER: TBD ~ INVOICE NUMBER: TBD

Testing Date/Time: May 4, 2006/4:00 p.m.

ANALYSES High O0x G.B. High Ox G.8. (.‘();l‘ldied G.B. CO Packed G.B.
: Samapk # 1 ‘Sumple § 2 Samplc ¥ 1 Samplec ¥ 2
Acrobic Plate Count/gm 19,000 24,000 46,000,000 1,800,000
Anaerobic Plate Count/gm 40,000 34,000 44,000,000 4,400,000
. ;.
'* High Ox (?L'R“-‘ (96% Lean, Sell by 05.04.06), CO Packed G.B. Sample i lf‘“ﬁ il {93% Lean, Use
or Freeze by 05.04.06), CO Packed G.B. Sample # 2= (93% Ecan, Use or Freeze by 05.02.00). :
- Reference: Official Mcthods of Analysis of AQAC International, Ch.17,1 T dition, 2000.
Bacteriological Analytical Manual By AOAC, §” edition. 1998 Revision A. i ;
v .
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