V

<

O
N
v_

Oi
T5
C
O

<u
O

N

s_
(1)
tJ
C

O

en .c
u
T3
1/1
C
D
_o
•—

£

D
O
JD
~a

c
rc
1

+-"

i/i
C
0)

O

Final Report
Ozone Pretreatment

O
c
.c
u
0)
+-<
0

Dr. H.S.M. de Vries
Dr. J. Oosterhaven
Ir. J.A. Verschoor
P.P.L.A. de Leeuw
S. Persijn

O)

<

O
O

>

+•»

3
3
•M
•4->
</)

c

January 1997

CONFIDENTIAL

ATO-DLO

Final Report
Ozone pretreatment

CONFIDENTIAL

Agrotechnological
Research Institute
(ATO-DLO)
Bornsesteeg 59
P.O. Box 17
6700 AA Wageningen
tel. +31 317 - 475000
fax +31 317 - 475347

January, 7 1997
Dr. H.S.M. de Vries
Dr. J. Oosterhaven
Ir. J.A. Verschoor
P.P.L.A. de Leeuw
S. Persijn
AGA gas is owner of this program report. It is not allowed to use, copy or distribute the report without written
permission of AGA gas

• 2 - ^ 5 7 "

7 January 1997

Final Report, Ozone pretreatment, AGA gas

- 2 -

CONTENT
1. Summary

3

2. Introduction

3

3. PHASE 1
3a. Material and Methods
3b. Results of phase 1

4
4
4

4. PHASE 2
4a. Material and Methods
4a. Results of phase 2

8
8
9

5. PHASE 3
5a. Material and Methods
5b. Results of phase 3

12
12
13

6. Discussion
Phase 1
Phase 2
Phase 3

16
16
16
16

7. Conclusions:

17

8. Suggestions for future research

18

9. References

18

AGA gas is owner of this progress report. It is not allowed to use, copy or distribute anything without written permission of
AGA gas.

7 January 1997

Final Report, Ozone pretreatment, AGA gas

-3 -

1. Summary
Grinded meat pretreated with different concentrations of ozone (0, 100, 300,
1000, 3000 and 10.000 ppm) during 15 seconds (phase 2) or 4 minutes (phase
1 and 2) was stored for 7 days at 5 °C. Storage conditions were either Meatmix (70%02&30%C02) or 100%O2 (phase 1), or
Food-mix
(30%C02&70%N2), or 80%C02&20%N2 or in normal air (20%O2 &80%N2 ),
(phase 2). Thereafter, quality was determined. Colour and microbial countings
were approximately similar for all treatments, except for 10,000 ppm ozone
pre-treatment and air or Meat-mix storage. The first demonstrated a more
pronounced red colour, whereas the latter clearly revealed a green colour.
Additionally, experiments were repeated for slices of beef steak
fumigated with 0, 1000 and 10,000 ppm of ozone during 4 minutes and,
subsequently,
stored
in
Food-Mix
(30%C02&70%N2),
Meat-mix
(70%02&30%C02), in 70%C02&30%N2 or in air (20%02&80%N2) at 5°C;
untreated samples were also stored at 12°C during 14 days (phase 3).
In general, it could be concluded that ozone did not have an effect on
colour; however, ozone also did not make the meat more susceptible to
micriobial attack.

2. Introduction
Ozone is a powerfull oxidizing agent; however, the exact mechanism by
which ozone exerts its effect is not yet clear in case of disinfection. Main
action can be oxidation of fatty acids in cell membranes, leading to cell lysis.
Improvement of microbial safety and extended shelf-life of, for example,
poultry has been demonstrated (Jindal et al., 1995). Results obtained in waste
water treatment, already since the beginning of this century, merits also the
potential of ozone application (Venosa, 1972). Within plant science ozone is
succesfully applied to induce resistance to ozone itself (Mehlhorn and
Wellburn, 1987) and to induce enzymes associated with plant defence system
in general (Kangasjarvi et al., 1994).
In order to investigate quality enhancement of red meat, ozone
pretreatments have been performed and the quality has been assessed using
objective measurements.
Research has been divided into three phases. Results obtained in these
phases are described below. Discussion, conclusions and suggestions for
future research are also indicated.

Goal of the project
Development of optimal ozone-pretreatment and subsequent
conditions in order to increase the quality and shelf-life of red meat.

storage
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3. PHASE 1
3a. Material and Methods
Meat
Grinded meat (beef) was purchased from a local butcher. The meat was not
treated with any compound that influences the colour or quality.
Experimental set-up
The experimental set-up as used in phase 1 is shown in figure 1. The meat
(appr. 50 gr) was placed on a glass Petri-dish in a glass jar (0.5 L) with an
inlet and outlet. The jar was flushed with appr. 4 L of (ozone-containing) gas
mixture.
The ozone generator was: trailigaz ozone generator
The destructor was: hankin ozolat ™
The analyzer was: ozone analyzer BMT 961 (BMT, Berlin).
These three instruments were delivered by the Dutch company Lenntech
(Delft); the analyzer is routinely calibrated.
Treatment
Ozone-treatments were as follows: 0, 100, 300, 1000, 3000 and 10.000 ppm
ozone, (generated in 100%O2) thereafter mixed in 100%O2 or in Meat-mix
(70%02&30%C02). After flushing, the jars were closed and placed at 5°C in
a stainless steel container with either 70%02&30%C02 or 100%O2 in order to
prevent possible changes in concentrations due to diffusion from the jars into
the surrounding atmosphere.
All experiments were performed in duplo.
Quality determination
At time 0 the colour was measured using Computer Image Analysis, a device
capable of objective colour measurements. The system was routinely
calibrated with red and green colour charts. At day 7 all the samples were
measured.
The Total Colony Forming Units (CFU) were determined according to
standard methods. Briefly, a sample of 25g. was homogenized in buffer
medium (1:10 buffer dilution). Several dilutions were made (100, 1000 and
10,000) and plated onto Plate Count Agar (PCA from Oxoid). The Petridishes were incubated at 25-30°C after which the colonies were counted.
The Lactobacteria were also determined according to standard
methods. Again, a sample of 25 g was homogenized in buffer medium.
Several dilutions were made and mixed with De Man, Rogosa, Sharpe Agar
(MRSA) + delvocyt (Oxoid agar). The Petri-dishes were incubated at 25°C
after which the colonies were counted.

3b. Results of phase 1
The effect of several ozone concentrations (0, 100, 300, 1000, 3000 and
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10,000 ppm; mixed in 100%02 or in Meat-mix) on the colour (after 7 days) is
shown in figure 2 and 3; the reference at day 0 is added.
The general trend, for ozone stored under 100% 02, is that at day 0
the red value is the highest. 7 days later it decreased. For all treatments the
colour remains almost similar.
The red, green and blue values did not significantly change in the
Meat-mix, comparing day 0 and day 7. However, there was no effect of the
ozone, except for the 10,000 ppm treatment. This affected the colour
negatively. Visualy the colour got more green.
Using a green index (a calculated value from the original Red, Green
and Blue data) it can be concluded that this value was increased at day 7
(compared to day 0). But again there was no clear effect of the various
ozone-treatments (figure 4).
The total aerobic count increased till 10*108 CFU at day 7. However,
there was no effect of the ozone treatment (figure 5 and 6). The total CFU
was similar for all the ozone treatments. Meat-mix reduced the total CFU
with about a factor 5-10.
The lactic acid bacteria were not affected by ozone: all treatments
gave almost identical counts. Meat-mix did not show any effect in reducing
the CFU of lactic acid bacteria, compared with 100% 02.

1000 ml/mia

Fig.1

Experimental set up of the ozone-treatment in phase 1
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EFFECT OF 100 % OXYGEN
ON OZONE TREATED MINCED MEAT
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Fig.2 Effect of ozone, mixed with 100% 02 on colour of grinded meat,
determined after 7 days stored at 5°C.

EFFECT OF MEAT MIX
ON OZONE TREATED MINCED MEAT

CONTROL T=0

100
O PPM (1 WK)

100 PPM

>
300 PPM

<f)

Z

LU

tZ

1000 PPM

3000 PPM

RED

GREEN
COLOUR

10000 PPM
BLUE

Fig. 3 Effect of ozone, mixed with Meat-mix, on colour of grinded meat,
determined after 7 days stored at 5°C.
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Fig. 4 Comparison of colour of grinded meat, indicated as a green colour
index, treated with several ozone concentrations.
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Fig. 5 Total aerobic count of meat, treated with several ozone concentrations,
determined after 7 days, stored at 5°C.
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Fig. 6 Total count of lactid acid bacteria on ozone treated grinded meat,
determined after 7 days, stored at 5°C.

4. PHASE 2
4a. Material and Methods
Meat
Grinded meat (beef) was purchased from the same local butcher as in phase
1. Again, the meat was not treated with any compound that influences the
colour or quality.
Experimental set-up
The experimental set-up as has been used in phase 2 is shown in figure 7.
The meat (appr. 50 gr) was placed in HEVEL vacuum sacks (Zaandam,
Holland) instead of cuvettes used in phase 1. Home-made septa, glued on the
sack, through which needles were pierced, served as gas inlet and outlet. The
jar was flushed with appr. 1 L/min of (ozone-containing) gas mixture for 15
seconds or 4 minutes; the volume of the sack is 150 mL. The condition of
the sacks after 7 days was visibly o.k., while sealing of cuvettes used in phase
1 was not perfect anymore.
The ozone generator, destructor and analyzer were similar as in phase 1.
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Treatment
At the AGA-ATO meeting on September 3 the following research scheme
was proposed for the second phase:
6 concentrations of ozone (0, 100, 300, 1000, 3000 and 10,000 ppm)
generated in 100% 02 were applied to grinded meat (beef).
contact time (ct) with the meat 15 sec or 4 minutes.
storage (sc) of the meat in Food-Mix (30%C02&70%N2 ), or
80%C02&20%N2 or in normal air, at 5°C during 7 days.
this has led to: 2 (ct) * 6 (cone) * 3 (sc) * duplo = 72 treatments.
reference: meat stored in Meat-mix (70%02&30%C02) at 5°C during 7
days .
the treatment and subsequent storage were performed in Hevel vacuum
sacks (delivered by AGA).
Quality determination:
Colour and microbial countings were performed as described in phase
1. For colour, a red colour index was used. Micro-organisms were counted for
only best looking samples.

4a. Results of phase 2
The effect of several ozone concentrations (generated in 100%O2) on the
colour is shown in figure 8. The storage conditions were either Food-mix
(30%C02&70%N2) or 80%C02&20%N2 or normal air. After 7 days of storage
the colour has been determined. In figure 9 the effect on the red colour index
of different storage treatment is presented for 1000 and 10,000 ppm ozone
(fumigation period 4 minutes).
The general trend, for ozone mixed with 100%O2, is that at day 0 the
red value is the highest (data not shown). 7 days later it decreased, revealing
slightly green/brown meat. Except for small differences in colour indices, the
red colour index is approximately similar for all treated samples. There is one
exception, meat which is fumigated with 10,000 ppm ozone for 4 minutes and
stored in normal air demonstrates a higher red colour index; this was in good
agreement with visible interpretation of the meat.
The total aerobic count and the lactic acid bacteria were determined
for several best looking samples and for samples serving as reference.
The total aerobic count at day 0 was 3.69*107 CFU/g (average). Within 7
days it increased till 10*108 CFU. However, there was no substantial effect of
the ozone treatment (figure 10). The total CFU was similar for all the ozone
treatments and storage conditions.
The lactic acid bacteria were also not affected by the ozone; all
treatments gave almost identical counts (Figure 11). Compared to values at
day 0 (average of 2.5*107 CFU/g), the treated samples demonstrated also
counts substantially higher.
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STORAGE GAS (PRESSURE CONTROLLED)

Fig 7. Experimental set up of the ozone-treatment in phase 2; the upper left
shows the sack with two pieces of meat, equally being fumigated with
ozone, thereafter sealed as indicated. It should be noted that the outlet
of the ozone generator serves as ozone outlet for fumigation
experiments, whereas the ozonated sampling output is only used as
ozone concentration control outlet.

EFFECT OF AIR
ON OZONE TREATED MINCED MEAT (4 MIN)
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Fig. 8 Here the effect of 4 min fumigation with ozone, in concentrations
ranging from 0 to 10,000 ppm, and subsequent storage in normal air,
on colour of grinded meat is shown. Five other figures demonstrating
the effect of two different ozone fumigation periods (either 15 sec. or
4 min.) on colour of grinded meat are shown in Appendix A. The
colour has been determined after 7 days stored at 5°C in different
gas-mixtures (as indicated in each figure).

AGA gas is owner of this progress report. It is not allowed to use, copy or distribute anything without written permission of
AGA gas.

Final Report, Ozone pretreatment, AGA gas

7 January 1997

- II -

EFFECT OF OZONE TREATMENT
ON RED COLOUR INDEX (10000 PPM OZONE)
90

• MEAT MIX (UNTREATED)
LLJ 80

• 30% C02 70% N2 15 S
m 30% C02 70% N2 4 MIN

CE

m 80% 00 2 20% N2 15 S

O

• 80% 002 20% N2 4 MIN
ES AIR 15 S

GZ

• AIR 4 MIN

Fig. 9 Effect of 10,000 ppm ozone on only red colour of grinded meat is
shown for various storage conditions lasting 7 days (at 5°C); the effect
for 1000 ppm is shown in Appendix B.

PCA COUNT
IN OZONE TREATED MINCED MEAT

• MEAT MIX (UNTREATED)
• AIR 0 PPM 4 MIN
M AIR 3000 PPM 4 MIN
m AIR 10000 PPM 4 MIN
• 30 % 002 70% N2 0 PPM 4 MIN
• 30% 002 70% N2 10000 PPM 4 MIN
ea 80% 0O2 20% N2 0 PPM 4 MIN
• 80% C02 20% N2 10000 PPM 4 MIN

Fig. 10 Total aerobic count of meat, treated with several ozone concentrations,
determined after 7 days, stored at 5°C under different conditions.
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MRSA COUNT
IN OZONE TREATED MINCED MEAT

• MEAT MIX(UNTREATED)
• AIR 0 PPM 4 MIN
» AIR 3000 PPM 4 MIN
Œ AIR 10000 PPM 4 MIN

1

• 30% C02 70% N2 0 PPM 4 MIN
E3 30% C02 70% N2 10000 PPM 4 MIN
BH 80% C02 20% N2 0 PPM 4 MIN
• 80% C02 20% N2 10000 PPM 4 MIN

Fig.11 Total count of lactid acid bacteria on ozone treated grinded meat,
determined after 7 days, stored at 5°C under different conditions.

5. PHASE 3
The following research scheme was followed as additional to research stated
in the AGA-ATO contract of 1996-06-24:

5a. Material and Methods
Meat
Slices of beef steak (unground; 25 gram each) were obtained from another
local butcher in Wageningen. Again, the meat was not treated with any
compound that influences the colour or quality.
Experimental set-up
The experimental set-up is similar to the one used in phase 2 (figure 7). The
meat (appr. 25 gr) was placed in HEVEL vacuum sacks (Zaandam, Holland;
delivered from AGA). The sack was flushed with appr. 0.8 L/min of (ozonecontaining) gas mixture for 4 minutes; then, a flow of 2 L/min was used as
storage gas. The volume of the sack is 75 mL. The condition of the sacks
after 7 and 14 days was visibly o.k. The ozone generator, destructor and
analyzer were similar as in phase 1.
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Treatment
3 concentrations of ozone (0, 1000 and 10,000 ppm) generated in
100%O2 were applied to the beef steak samples.
contact time of ozone with meat was 4 minutes.
storage (sc) of the meat was performed in Food-mix (30%CO2 &
70%N2), Meat-mix (70%O2 & 30%CO2), in 70%CO2 & 30%N2 or in
air (20%O2 & 80%N2) at 5°C during 14 days.
experiments were performed in duplo
this has led to: 3 (cone) * 4 (sc) * duplo = 24 treatments.
additional reference: meat stored in Meat-mix (70%O2 & 30%CO2), in
Food-Mix (30%CO2 & 70%N2), in 70%CO2 & 30%N2 and in normal
air at a temperature of 12°C during 14 days; in total 4 * duplo = 8
reference samples.
Quality determination:
Colour was determined at ATO-DLO using Colour Image Analysis at
day 0, 7 and 14 after all treatments. For colour, a red colour index was
used.
Microbial countings were performed by Laboratorium van der Sprong,
Roelofarendsveen, The Netherlands. Micro-organisms were counted at
day 0 and day 14.

5b. Results of phase 3
At day 0, the red colour of slices of beef steak was determined. An average
red colour index was determined for 10 meat samples (included in figure 14).
The effect of 1000 and 10,000 ppm of ozone concentrations (generated in
100% 02) and stored under either Food-mix, Meat-mix, in 70%CO2 & 30%N2
or in air on the colour is shown in figure 12 (day 7) and figure 13 (day 14).
In figure 14 the red colour index of different storage treatment is presented as
function of time (day 0, 7 and 14) for all treatments.
In general, at day 0 the red value is the highest. 7 Days later it
decreased, revealing slightly green/brown meat. The same holds for 14 days
of storage. The variance in red colour index is small for all treated samples,
in agreement with visible interpretation of the meat.
The results of microbial countings are given in Appendix C. It should
be noted that at day 0 only one measure of a duplo experiment was
determined (for either total aerobic bacteria or lactic acid bacteria), i.e. the
duplo's were mixed together. At day 14, the values for the duplo's were
separately obtained, which yield 2 measures for total aerobic bacteria and 2
for lactic acid bacteria.
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EFFECT OF OZONE TREATMENT
ON BEEF (5 °C & DAY 7)
80

MEAT-MIX FOOD-MIX HIGH C02 AIR

Fig.12 Here the effect of 4 min fumigation with ozone, in concentrations
ranging from 0, 1000 to 10,000 ppm, and subsequent storage in either
Food-mix (30%C02&70%N ),2 Meat-mix (70%O &30%Cp ), in
70%C02&30%N2 or in air (20%02&80%N2), on red colour of beef
steak is shown after 7 days stored at 5°C.

EFFECT OF OZONE TREATMENT
ON BEEF (5 °C & DAY 14)
80

MEAT-MIX FOOD-MIX HIGH C02 AIR

Fig. 13 Similar to figure 12, but for 14 days of storage.

AGA gas is owner of this progress report. It is not allowed to use, copy or distribute anything without written permission of
AGA gas.

2

Final Report, Ozone pretreatment, AGA gas

8 January 1997

- 15 -

100

1 CO

* 30
MEAT-MIX
3'000

q 40
o
o
LU

CC

c

OICOOO

20

day 7

day 0

day 14

100
HIGH CO,

£

80

Û

z
CE

60

O

40

O

m o PPM
m 1CC0 PPM
a 10000 PPM

Q

111
CC

20

day 0

day 7

day 14

AIR
X

^

m iCGO

O

O 40
Cl

O

Lij

CC

2=,.i

q-:gcc: ==".

20

day 0

day 7

day 14

Fig.14 Slices of beef steak. Red colour index as function of time (day 0, 7
and 14) for four different storage conditions (5 degr. C.)
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6. Discussion
Phase 1.
Ozone pretreatment (several concentrations) and subsequent storage of
grinded meat under pure 02 or Meat-mix did not affect microbial count or
colour, except for 10,000 ppm ozone which influenced the colour negatively.
Since ozone does not penetrate the meat there will only be an effect on
growth of micro-organisms on the surface. The total counts of a sample were
determined from inside and outside (whole part of meat); therefore, it could
not be expected that the CFU number should be influenced significantly.
In order to answer the question whether an ozone-pretreatment can retain
colour under oxygen-free conditions, a follow-up experiment has been
suggested as performed in phase 2.

Phase 2.
Grinded meat pretreated with ozone (several concentrations and several
fumigation periods) and, thereafter, stored under various conditions did not
reveal colour changes, except for 10,000 ppm ozone and subsequent storage
in air. The latter influenced the colour positively. Again, significant changes
in CFU number are not expected, due to the previously mentioned surface
treatment.
The outcome for a 10,000 ppm ozone treatment and subsequent air storage
could not be explained with respect to other results obtained. An additional
follow-up experiment using slices of beef steak was therefore being
performed in phase 3.

Phase 3.
Slices of beef steak, pretreated with ozone at 1000 or 10,000 ppm during 4
minutes and, then, stored under different conditions did not reveal any
significant changes in colour. All samples were slightly green; red colour was
not retained.
Concerning microbial countings at day 0, fumigation with ozone did lead to a
significantly lower number of lactid acid bacteria. The Total aerobic count
was similar for all treatments. At day 14, the variation within a duplo
experiment was as big as between different storage conditions.

In general:
The flow-through systems as well as storage and microbiological facilities has
been fulfilling the demands for this specific research and will be useful for
future experiments. It should be noted that facing the severe toxicity of ozone,
an adapted fumigation chamber is a pre-requisite.
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7. Conclusions:
Statements based on results:
1.
Fumigation with 10,000 ppm ozone and subsequent storage under
20%02&80%N2 shows a more red colour as compared to other
treatments performed in case of grinded meat.
2.
Fumigation with 10,000 ppm ozone and subsequent storage in Meatmix (70%02&30%C02) demonstrates a much more green sample as
compared to other treatments in case of grinded meat. This is deviant
from conclusion 1 with respect to the effect of "elevated" levels of
oxygen (20% and 70%, respectively).
3.
All other treatments for grinded meat as well as for all slices of beef
steak show a similarly slightly green/brown colour. For beef steak,
there is neither a positive nor a negative colour outcome for different
oxygen concentrations during storage.
4.
The PCA and MRSA counts for grinded meat are similar for all
treatments within the error bars. This is not remarkable for grindedmeat due to the fact that we are only dealing with a surface treatment.
As expected, the values for beef steak were much lower at day 0. At
day 14, the variation within a duplo experiment was as big as between
different storage conditions.
5.
For grinded meat, all counts are in the order of 108-109 approximately
10 times higher than samples at day 0. Although there is no
suppression of microbial growth, none of the treatments lead to
substantial
multiplication
of
micro-organisms;
however,
competetiveness may also maximize this number. A closer look at the
kind of micro-organisms involved is, therefore, worthwile.
6.
An optimum in exposure to ozone could not be extracted from these
results.
7.
From all experiments, except for conditions stated in conclusion 2, it
can be concluded that 03 does not make the product more susceptible
to micro-organisms, which could be expected in case of seriously
damaged tissue.

In conclusion:
The effect of ozone treatments, as performed in the schemes presented above,
was negligible. Even, application of Meat-mix to retain red colour of meat,
did not demonstrate better results as compared to other treatments. As
described by Hockenjos (1996) and Gill et al. (1996), irreversible changes in
colour suddenly took place during aging of aerobically stored beef. These
findings are in agreement with our results; the abstracts are enclosed
(Appendix D). In addition, for both grinded-meat and beef steak all obtained
results were in agreement with each other, considering the various storage
conditions.
Some color prints are included (Appendix E).
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8. Suggestions for future research
An extended (subsidized) research programme to determine optimum
fumigation periods for ozone and storage duration of beef steak.
A survey and quantification of micro-organisms involved.
The effect of ozone as insect destroyer in case of (Modified
Atmosphere Packed) flowers with respect to enhanced vase life.
The effect of ozone on crops with a high surface to volume ratio and
of which the surface is highly susceptible to micro-organisms;
references of several aspects of ozone fumigation within plant science
are listed (Kangasjarvi et al., 1994; Mehlhorn and Wellburn, 1987).
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APPENDIX A: related to figure 8 of Phase 2
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EFFECT OF 80% C02 & 20% N2
ON OZONE TREATED MINCED MEAT (15 S)
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APPENDIX B: related to figure 9 of phase 2

EFFECT OF OZONE TREATMENT
ON RED COLOUR INDEX (1000 PPM OZONE)
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•IX C: Microbial counting related to phase 3
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MICROBIOLOGY RESULTS PHASE 3
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APPENDIX D: two abstracts of relevant articles

Authors
Hockenjos P.
Title
A PRACTICE-ORIENTED COMPARATIVE STUDY [German]
Source
Fleischwirtschaft. 76 (8) : 794-798, 1996 Aug.
Author Keywords
Anaerobic-aerobic aging. Beef. Pork. Storage^colour.
Ph. Weight. Bacteriology. Fitness for consumption.
Abstract
By a new procedure, the aging of pork and beef took place
under aerobic conditions. Investigations carried out were
to show advantages and disadvantages of the new, aerobic,
method of aging, as opposed to conventional, anaerobic
aging of beef and pork. Anaerobic aging causes the meat to
become brown in colour and, with beef, necessitates an
aging period of two to three weeks. Aerobic aging should
avoid the unwelcome discoloration and the aging of beef
should take no longer than from five to seven days only.
Due to an improved oxygen concentration, pathogenic germs
should be impaired, or their growth prevented. By
comparison with anaerobic aging, loss of weight, pH-value
and sensory analysis should yield better or at least equal
results.
By the investigations carried out, meat aging under aerobic
conditions was shown to be advantageous with regard to
colour, a bright red in pork as much as in beef, and with
regard to a shortened aging period in the case of beef.
However, approximately ten days after aerobic aging, the
meat colour irreversible changes. After prolonged storage,
other parameters which had been investigated, such as
bacterial count, loss of weight, and taste, turned out
significantly inferior in aerobically aged meat as opposed
to conventionally aged meat. Aerobic aging does have
advantages if the meat reaches the consumer immediately
after the aging period. Where the distribution of meat
makes prolonged storage indispensable, conventional aging
is considerably better suited. [References: 7]
Institution
Reprint available from:
Hockenjos P
KANTONALES VET BASEL STADT
CH-4025 BASEL
SWITZERLAND
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Authors
Gill CO. Jones T.
Title
THE DISPLAY LIFE OF RETAIL PACKAGED PORK CHOPS AFTER THEIR
STORAGE IN MASTER PACKS UNDER ATMOSPHERES OF N-2, C02 OR
0-2+C02
Source
Meat Science. 42(2):203-213, 1996.
Keywords Plus
Carbon-dioxide. Fresh pork. Metmyoglobin formation.
Chilled beef. Shelf-life. Bacteria. Oxygen. Growth.
Color. Meat.
Abstract
Commercial, bone-in pork loins were divided into four
portions. One portion of each loin teas vacuum packaged
then stored at -1.5 degrees C. The other portions were each
divided into three chops, which were retail packaged. The
retail packs were master packaged under atmospheres of N-2,
C02 or 0-2 + C02 (2:1, v/v), then stored at 2 degrees C.
The pork was assessed after storage for up to 42 days. At
each assessment, a vacuum pack and a master pack of each
type, each containing product from the same loin, were
withdrawn from storage. The vacuum packaged portion was cut
into three chops, which were retail packaged. The chops
from all packagings were displayed in a retail cabinet
which maintained average air temperatures between 3 and 6
degrees C. The chops were assessed twice daily until they
were judged to be of undesirable appearance.
After storage for 1 or 2 days, the chops from all master
packs appeared less desirable than the freshly cut chops.
After all longer storage times, chops from N-2 and C02
atmospheres appeared as desirable as freshly cut choog^ as
did chops from 0-2 + C02 that were stored for up—to (16 j
days. However, chops stored under 0-2 + C02 for(21 Jdàys
appeared undesirable. Chops stored under N-2 or 0-2 + C02
developed spoilage odours, after storage for 28 or 21 days,
respectively. Bacteria were more numerous on the fat than
on the muscle tissue. The numbers of bacteria were 10(7)
cfu cm(-2) on the fat surfaces of chops stored under vacuum
or Nz for 42 days. The numbers of bacteria were 10(6) cfu
cm(-2) on the fat surfaces of chops stored under C02 for 42
days or under 0-2 + C02 for 21 clays, At those times, only
lactobacilli were isolated from chops stored under C02, but
small or large fractions of enterobacteria were present in
the flora on chops stored under vacuum or N-2,
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