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SUMMARY

Commercially available MAP ground beef packages including Hi-Ox samples (82% oxygen/18% carbon
dioxide} and CO-pk (0.4% CO) were used to study the temperaturedime effect on microliological, color
and sensary profile. The microbial data of cach study group were presented: the eficets of
temperatures/time on the beef color & sen sary impact were measured. A preliminary survey of
commercially available ground beef in a variety of packaging was conducted 1o detetmine whether the
high plate counts observed in many of the CO-pk samples was an anomaly, Tentative conclusions, buscd
on current experimental design and diata, were drawn.

MATERIALS & MET!

DS

The analyses on the ground beef packages purchased from local supermarkets were separated inlo (4)
studics. Each study group contained both Hi-Ox samples (82% oxygen?18% carhon dioxide) and CO-pk
(01.4% CO).

Studv L Samples were kept at 217C (70°F) for up 0 24 hours under fluorescence light. Contro!
samples were stored in the dark at refrigeration temperature (4°C, or 39°F). Initial very high
plate counts mn the CO-pk samples ted to this study being repeated.

Stdy Il Study one was repeated using a different, lower plate count CO-pk meat sample. Samples
were kept at 21°C (70°T ) for up o 28 hours under fluorescence light.

Study TIl.  Samples were abused a1 21°C (70°F) for 8 hours under fluorescence Tight. and then kept at
refrigeration temp (4°C, or 39°F) until the end of their labeled use by date,

Swdy IV, Samples representing a variety of packagimg forms were purchased and immediately
analyzed for plate count,

All myestigations were carnied out on the premuses of S&J Taboratories, Inc., Portage, M.
Microbiological analyses, including aerobic plate count and anaerobic plate count, were performed by §
& J Laboratories personnel. Color measurements (generating L, 2%, and b* values). using a Minolta CR-
300 hand held Colorimeter were conducted by Kalsec™ personnel. The sensory evaluation was
conducted by sniffing the odor right after sample packages were opened, with both S&J Lab and Kalsec™
personnel being involved m the evaluation. Kalsee® personnel also phiotographed all meat packages a1
cach study stage. ( )Xyg_n and carbon dioxide levels in the atmospheres of certain packages were
measured by Kalsee” personne! using a Dansensor Checkmate 9900,
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RESULTS AND DISCUSSION

Swdv 1. Temperature Abuse 21°C (70°F)

Table 1A presents all the microbial data for this study.  Initial aerobic and anzerobic plate counts
showed significant (p<0.05) difference between Hi-Ox and CO-pk samples. The CO-pk samples were
about 3 log units higher in microbial count than the High-Ox samples. The anaerobic and aerobic plate
counts for the CO-pk samples trended upward reaching a level above 1x 107 cfuig. Anaerobic and
aerobic counts for the Hi-Ox samples frended up over the course of the study, reaching Ix 107 ofus gat the
end of the study. Given the high initial plate count of the CO-pk samples, it was decided to repeat this
study with different mest samples.

No colorimetry was done on this study, but by visual inspection, the CO-pk samples remained bright red
and fresh-lookang throughout the temperature abuse nterval, The red color of the High-Ox samples
dropped throughout the test, reaching what was deemed as enacceptable at about 16 hours.

In Table 1B, both Hi-Ox & CO-pk samples had similar fresh beef odor, except CO-pk sample #2 had
slight sulfur compound odor. Hi-Ox samples showed slight buttery, oxidized odor after 16 hours and the
intensity of this aroma grew throughout the rest of the test, The sulfur aroma became more noticeable al
16 hours into the tes,

Stady 1L 21°C (F0°F) under fluprescent light fo

In Table 24, the inttial bacteria count showed little difference between Hi-Ox and CO-pk ground beef,
Hi-Ox was at 16°~10" and CO-pk was at ~10". Significant differences were observed right after § hours
temperature abuse. 1i-Ox samples kept at low plate count, ~10°, for bath aerebic and anuerobic plate
counts, whereas CO-pk samples jumped to ~ 107 for acrobic and ~107 for anacrobic. The maore
acceleration of the growth of anaerobic microorganisms in CO-pk were observed after 12 hours at 217,
which the micrabial count reached ~107 in some testing samples, whereas Hi-Dx samples were
maintained around ~10°, The CO environment enhanced the growth of anacrobic microorganisms, Hi-
Ox samples also reached ~10° after 24 hours, and further grew to ~ 107 after another 4 hours. CO-pk
reached ~10° (anaerobic) atter 16 hours at 21°C under fluorescence light & eventually reached ~ 107,

Far CO-pk samples, the color was consistent throughout the entire study (Table 2B, redness: a* value ~
26) despite the microbial count inereased from ~ 107 to ~ 107, whereas the Hi-Ox samples ost its fresh
redness gradually from ~25 to ~15 in 28 hours, Hi-Ox samples not only lost 118 redness, the decrease of
its brightmess also observed (1.7 values, Kalsec® data) during 28 hours study. This color fading was
mainly die to the metabolites generated during the microbial growth that reduced oxygen concenmtion,
lowered pH value. If the swudy persisted. the depleted oxygen in conjunction with the lowered phl will
eventually denatured meat protein and aitered the color to dark brown. a scenario known as met-
myoglobin . On the other hand, CO-pk sumples always preserve sts bright redness despre the microbial
foad, pH value, even the PLGso-clectric point, ~5.4) was reached. Howoever, the lost of water holding
capacity was noticeable by observing running meat juict in some CO-pk samples afier 12 hours ar 21°C.
This exudation may be due to the Pl point reached hence the myoglobin denatured.

Both Hi-Ox & CO-pk samples had similar fresh heef odor initially (Table 2C). However, after § hours
incubation at 217C, Hi-Ox samples began o show slightly oxidized. rancid odor & CO-pk samples stant

Pave - 2.

:#

4669 Executive Dr. » Portage, M1 49002
Phone: (269) 324-7383 o Fax (269) 324-7384



S & ] Laboratories, Inc.

to have slightly sulfur compound odor, For Hi-Ox samples, the intensiy of the oxidized, rancid odor
inereased in each of 4-hour evaluation, whereas CO-pk samples also increased the strength of the unigue,
unpleasant sulfur compound odor at each 4-hour evaluation period. It may be that CO-pk creates a
favorable environment for anacrobic & facultative anaerobes 1o 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 HL 21°C (F0°F) 8 hours under fluorescent light & stored at 4°C {39.2°F) refrigeration

Initial bactenia count showed difference between Hi-Ox and CO-pk ground beef, Hi-Ox was al 107107
and CO-pk was at ~10" (Table 3A). After & hours abuse at 21°C, Hi-Ox samples remained at low levels
{~10%) for both acrobic and anactobic plate counts, whereas CO-pk samples increased 1 log eyele 1o
~10° for both acrobic and anacrobie, Refrigeration afier first 8 hours temp abuse (21°C) did slow the
subsequent rate of microbial growth for both samples. Microbial counts after 24 hours refrigeration
showed Hi<Ox semples remaining at low levels (~107), whereas the CO-pk samples were between the
mid and high end of ~10°. From the data on the third day (4:29/06), it appears that CO-pk had reached
its stationary phase with microbial counts at ~10 and kept at similar log values throughout the rest of the
study. The microbial counts of Hi-Ox samples increased much slower & reached ~10° on May 3%, 2006
For CO-pk samples, the color was in a narrow range throaghout the study (Table 38, redness: a* value:

!
g

26~ 2% despite the microhial count increased from ~107 @ ~10°, Hi-Ox samples lost their hright
redness right after the first 8 hours at 70°F (from ~25 to --19), and remained at a somewhat simuiar value
thereafter. Since Hi-Ox samples were stored at 4°C after the 8 hours of temp abuse. the final micrabial
counts did not exceed 10° hence the colors were maintained. The CO-pk maintained almost the same
color throughont the study,

Both Hi-Ox & CO-pk samples had similar fresh beef odor initially {Table 3C). However, after 8 hours
mcubation at 217C {70°T). Hi-Ox samples began to show a slight oxidized. rancid odor & CO-pk
samples started 10 exhibit a shight sulfor compound odor. For Hi-Ox samples, the miensaity of the
oxidized, rancid cdor remained at a very similar level throughowt the study. On the other hand, the
sulfur compound note developed faster in CO-pk samples, The 8-hour temp abuse may accelerate the
odor development.

Rold

Study IV, Preliminary Survey of Plate Counts of Commercial Ground Beel Samples

Various samples of ground beef were purchased by Kalsee” pérsonnel and transporied to S&J
laboratories in covlers, The bacteria couns of freshly-purchased ground beef samples in vamous 1ypes of
packaging are shown in Table 4. Additional instances of high plate counts in CO-pk meat samples have
bheen found ~ within the use or sell by dates. Only one sample with over 10 phate count m a High-Ox
sample was found. The bright red fresh-locking color of all the CO-pk samples
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CONCLUSION

Hi-Ox and CO-pk ground beed packages developed two different odor and color patterns that are very
easy to differcntiate. The traditional visual eveluation o predict ground beef quality that was associated
with meal {reshness and microbial load can no longer be used as an indicator where CO-pk ground beef
was involved.

A preliminary survey.of meat avatlable to consumers indicates that very high microbial plate counts are

observed more ofien i CO-reated meat than in the other forms avaiable, We recommend investipation
of additional samples w verify this.
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Table 1A, The microbial profile of ground beef samples abused at 21 °C, (70 °F) under fluorescent light for 24 hours.

—— —

*

High Ox G.B. High Ox G.B. CO Packed G.B. | Cd Packed G.B.
Sample # 1 Sample # 2 Sample # 1 Sample # 2
(80% Lean, sell by (80% Lean, sell by (92% Lean. use or freeze | (92% Lean, use or freeze
TESTING TIME ANALYSIS 4/23106) 4123/06) by 4/18/06) by 4/18/06)
417/06 12 AM. Aerobic Plate Count/gm 400 1.600 2,500,000 .3,000,()00 |
417/06 12 AM. An:{erobic Plate Count/gm 700 1.300 3,100,000 3,600,000
4/17/06 § A M. Aerobic Plate Count/gm 3,000 6,000 5,000,000 11,000,000
4/17/06 8 A M. Anaerobic Plate Count/gm 10,000 8,000 6,000,000 13,000,000
17706 12 P M. Aerobic Plate Count/gm 8,000 17,000 12,000,000 9,000,000
4/17/06 12 P.M. Anaerobic Plate Count/gm 19,(100 27,000 13,000,000 15,000,000
4/17/06 4 P.M. Aerobic Plate Count/gm 290,000 | lO,{GOO 15,000,000 5,900,600
f17/06 4 PM, Anaerobic Plate Count/gm 840,000 130,000 24,000,000 9,100,000
4/17/06 8 P M. Aerobic Plate Count/gm 1,700,000 1,900,000 19,000,000 23,000,000
4/17/06 8 PM. Anaerobic Plate Count/gm 1,500,000 2,000,000 13,000,000 ,2vl}60{),000
[ 41806 12 AM. Acrobic Plate Cm;l-t:"'-g;m 10,000,000 13,000,030 9 600,000 14,000,006 | l
41806 12 AM. Anaerobic Plate Count/gm | 13,000,000 15,000,000 12,000,000 14,000,000 n

Reference: Official Methods of Analysis of AOAC International, Ch.17, 17™ edition, 2000, Bacteriological Analytical Manual By AOAC, 8"
edition, 1998 Revision A,



Table 1B. The sensory evaluation of ground beef samples abused at 21 °C, (70 "F) under fluorescent light for 24 hours.

TESTING TIME

High Ox G.B.

Sample # 1&2
(80% Lean, sell by 4/23/06)

CO Packed G.B.

Sample # 1&2
{92% Lean, use or freeze by 4/18/06)

4/17/06 12 AM.

Fresh beef odor

Very slight sulfur comp odor

4717106 8 A M,

No off odor detected

Very slight sulfur comp odor

4/17/06 12 P.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 8 P.M.

OfY spotled / 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 fluorcseent tight 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
TESTING TIME ANALYSIS Oy O ekl R e bt

4/27/06 12 PM. Acrobic Plate Count/gm 1,000 I,ﬁOOv 4,300 N/A
427106 12 P.M. Anaerobic Plate Count/gm 200 800 6,800 N/A
4/27/06 S 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 AM Aerobic Plate Count/gm 8,000 9,000 510,000 560,000
4/28/06 12 AM. Anaerobic Plate Count/gm 4.000 4,0{)0. 1,4(}0{0(')0‘ 640,000
4728106 4 AM. Aerobic Plate Count/gm 100,000 130,000 11,100,000 I,OOO,QOO
4/28/06 4 AM. Anaerobic Plate Count/gm 80,0()(5 70,000 12,700,000 4,000,000
4/28/06 8 A M. Acrobic: Plate Count/gm 500,000 196,000 4,300,000 4 400,000
4/28/06 8 A M. Anaerobic Plate Count/gm 1,20(),000 280,000 7,800,000 12,000,000
4/28/06 12 P M. A.erobio 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. Aerobic Plate Count/gm 24,000,000 30,000,000 16,000,000 12,000,000
4/28/06 4 P M Anaerobic Platc Count/gm 28,000,000 26,000,000 23,000,000 28,000,000

& Reference: Official Methods of Analysis of AOAC International, Ch.17, 17" edition, 2000. Bacteriological Analytical Manual By AOAC, 8® edition,

1098 Revision A,
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Table 2B. The color (a* value) profile of ground beef samples abused at 217 C (70°F) under fluorescent light for 28 hours.

TESTING TIME

High Ox G.B.

Sample # 1&2
(96% Lean, sell by 8/4/06)

CO Packed G.B.
Sample # 1&2

4/27/06 12 P M.

2553176

(96% Lean, use or freeze by 519/06)

2611238

4/27/06 § P.M. 19.41+3.34 24.96:0.84
4/28/06 12 AM. 20074113 26.54:0.58
4/28/06 4 AM. 17.88+0.60 25.86:2.53

4/28/06 8. A M.

17.52+0.18

2517137

4/28/06 12 P.M.

14,6911 89

26.14:1.22

4/28/06 4 PM.

1532113

26911042
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Table 2C. The sensory evaluation of ground beef samples abused at 217C (70°F) under fluorescent light for 28 hours.

TESTING TIME

High Ox G.B.
Sample # 1&2
(96% Lean, scll by 5/4/06)

CO Packed G.B.
Sample # 1&2
(96% Lenn, use or frecze by 519/06)

4/27/06 12 PM,

Fresh beef aroma

Fresh beef aroma

4/27/06 8 P.M.

Slight oxidized odor

Slight off, unpleasant odor

4/28/06 12 AM.

Shight oxidized odor

Off odor, sulfur comp odor

4/28/06 4 AM.

Oxidized. acidic or sour odor

Strong sulfur comp odor

4/28/06 8. AM.

Oxidized, acidic or sour odor

Stronger sutfur comp odor

472806 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, scll by (93% Lean, use of freeze | (93% Lean, use or freeze
TESTING TIME ANALYSIS 5/4/06) 814/06) hy $19/06) ' by 519/06)
/27/06 12 P.M. Acrobic Plate Count/gm 1,000 1,600 210,000 N/A
4/27/06 12 P M. Anaerobic Plate Count/gm 200 800 200,000 N/A
4/27/06 8 P.M. Aerobic Plate Count/gm 1,000 2,000 4,000,000 4,000,000
4/27/06 8 P.M. Anaerobic Plate Count/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/igm 1,000 2,000 8,500,000 7,400,000
4/29/06 4 P.M. Aerobic Plate COumfgm 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 26,000 32,000,000 57,000,000
571/06 4 P.M. Aerobie¢ Plate Count/gm 22,000 6,000 32,000,000 19,000,000
5/1/06 4 P.M. ~ Anaerobic 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
572006 4 PM. Anacrobic Plate Countigm 69,000 36,000 15,000,000 38,000,000
5/3/06 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 2 1,000,000
5/4/06 4 P M. Anaerobic Plate Count/gm 270,000 490,000 23,000,000 23,000,000

*

Reference: Official Methods of Anglysis of AQAC International, Ch 17, 17" edition, 2000, Racteriological Analytical Manual By AUAC, 8% edition, 1998 Revision A,
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Table 3B. The color (a* value) profile of ground beef samples abused at 217°C (70°F) 8 hours under fluorescent light & stored at refrigeration temp (4°C,

39.2°F).

TESTING TIME

High Ox G.B.

Sample # 1&2
(96% Lean, scll by 5/4/06)

CO Packed G.B,

Sample # 1&2
(93% Lean, use or freeze by 5/9/06)

4270612 P M.

25534176

26.4411.04

4/27/06 8 P M.

19412334

27401221

4/28/06 4 P M,

2037087

27.09£1.06

4/29/06 4 P M, 19321054 26.18+2.27
4/30/06 4 P M, 1926177 28.8440.83
5/1/06 4 P.M. 19.11£3.03 2832144

5/2/06 4 P.M.

20.18+0.79

29.2710.54

53706 4 P.M.

19.98+0.59

28.6310.74

5/4/06 4 P.M.

18.698+1.30

27.734+1.48
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Table 3C. The sensory evaluation of ground beef samples abuscd at 21°C (70°F) 8 hours under fluorescent light & stored at refrigeration temp (4°C, 39.2°F).

ﬁigh Ox G.B. CO Packed G.B.
Sample # 1&2 Sample # 1&2
TESTING TIME {96% Lean, sell by $4/06) (93% Lean, use ot freeze by 519/06)
427106 12 P M. Fresh beef aroma Fresh beef aroma
427106 8 P.M. Slight oxidized odor Stight off odor, very slight sulfur odor
40%006 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 P.M. Slight Oxidizéd odor Noticeable sulfur comp odor
5/1/06 4 P M. Slight oxidized odor Strong sulfur comp odor
5/2/06 4 P.M, Skght oxidized odor Strong sulfur comp odor
$/3/06 4 P M. Slight sour, oxidized odor Very strong sulfur comp odor
$14/06 4 P.M. Oxidized odor Very strong sulfur comp odor
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Table 4, Preliminary Survey of Plate Counts of Commercial Ground Beef Samples

AYS OF
ANALYSIS | WHERE | PURCHASE | SELL BY s;ll)'mjrs u:’a DANSENSOR | DANSENSOR | PERCENT CARBON
DATE | PURCHASED DATE DATE | REMAINING 02 co? FAT AEROBIC | ANARROBIC | PACKAGE | MONOXIDE
£:9/3006 A 582006 | sc16:2006 7 {1.03 17,2 4 25 000 35000 | MAP YES
552006 A 282006 | S/16.2006 N 0 19,7 g 18,000 S7.000 | MAD Vi8S
592006 A SRIN06 1 8/1772005 8 0,001 07 % 190,000 540000 [ MAP YES
5:9:2006 A 58006 | SVI006 0 0 20,3 s 10,060 10,000 | MAP YES
§9,3006 A S8006 | 592006 2 0 203 25 10,000 150,000 | MAP YES
592006 A 552006 | 5112006 3 0 304 2% 1 SRL000 1000000 | MAP YES
$92006 A SR2006 | /1672006 7 044 I 15 2,100,000 4600000 | MAR YES
59,2006 B 59006 | 51806 5 0 0 3 20 15,000 32,000 | MAR YES
SA2006 B 592006 | $720:006 1 0 19 1 65000 110,000 | MAD YES
§92006 ¢ 592006 | S131006 1 7. 127 K 1700 100 | MAR NO
$9:21K06 C 502006 | 57157006 6 603 146 17 1,500 2000 | MAp NG
59,2006 D 392006 | 310°2006 ! 168 148 4 6,000 15,000 | MAP NO
3.G22005 D 592006 | 51572006 | 766 118 i3 14,000 41,000 | MAP NO
5.9:2006 D 2006 | $713 2006 4 7532 116 3] 1200 800 100000 | MAP NG
S0.2006 D 392006 | 8152006 5 195 (1 27 7.700 12000 | MAp NO
$,9:2006 D 3972006 | 3162006 7 767 137 1 500 600 | MAR NO
972006 D $9:2006 | S/16/2006 o 80 114 15 200 400 | MAF NOQ
503006 ¢ 592006 | S/10.2006 | NA NA 26 7,000 17,000 | Overwrap NO
5002006 E 592006 | 5112006 2 NA NA 10 17,000 19,000 { Overwrap | NO
5922006 | 597006 | 37112006 2 NA NA 14 6,000 21000 | Overyrap | NO
59 2006 ¥ 5902006 | 5112006 2 NA NA 34,000 10,000 | Overwrap | NO
5012006 G 593006 | 02006 o NA NA 3 54,000 51000 | Paper Wrap | NO
§ 072K D 592006 | 5162006 7 NA NA 7 3900 370 | Chub NO
4772006 ¢ 0279006 | S443006 7 NA NA I 1300 500 | MAP NO
4272006 A 4772006 | $9:2006 12 NA NA 4 4300 6800 | MAP YES
L2006 A 4272006 1 siwa006 12 NA NA 7 2100006 | 300,006 | MAP YES
4272006 A 12372006 | 542006 7 NA NA §301,000 3400000 | MAP YES
42772006 A 4277006 1 57272006 5 NA NA 7 1900000 12,000,000 | MAP YES
41772006 A 452006 | 44875000 { NA NA 8 2,750,000 3350000 | MAP YES
FIT006 ¢ 4162006 | 4232006 6 NA NA 0 1,000 1,000 | MAP NO

* Reference
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