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Abstract — Self-carbon dioxide-generation material
was used for active packaging of beef to inhibit
microbial growth during storage. Beef loin samples
were divided into 3 packaging groups (C: ziplock
bag-packaging, T1: vacuum-packaging, T2: active-
packaging) and stored at 4°C for 21 days. The
thiobarbituric acid reactive substances (TBARS)
value was significantly lower in T1 and T2 after 7
days of storage. The counts of total bacteria, lactic
acid bacteria, and Escherichia coli were significantly
lower in T1 and T2 after 7 days of storage; the total
bacterial counts and E. coli count were lowest in T2
at the end of storage.
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l. INTRODUCTION

It has been reported that the quality of meat is
strongly affected by the storage conditions or
packaging methods of the meat. The packaging
methods such as MAP can help maintain meat
gualities such as color, the water-holding capacity
(WHC), lipid oxidation, and inhibition of the
growth of spoilage microorganisms [1]. Korpf
reported that CO, inhibits gram-negative aerobes
than do other microbes [2]. The effects of active
packaging on the quality characteristics have not
been extensively studied in beef during storage.
We developed a novel concept and materials for
MAP known as active packaging using self-CO,-
generation materials, ethanol-generation materials,
or O, scavengers. Thus, the aim of this study was
to determine the effect of active packaging by

using self-CO,-generation materials on the shelf-
life of beef during cold storage.

Il. MATERIALS AND METHODS

A. Sample preparations

After packaging, the meat samples were stored at
4°C and analyzed after 1, 7, 14, and 21 days of
storage.

B. Lipid oxidation

TBARS value as a lipid oxidation value was
determined by the method of with a slight
modification [3].

C. Microorganisms

The microbial counts were determined by the total
plate count (TPC) method and the number of lactic
acid bacteria and Escherichia coli counts were
determined as per the standard procedures [4].

D. Statistical analysis

The Student—Newman—Keuls multiple range test
was used to compare the differences between the
means. Significant difference (P < 0.05) between
the mean values of quintuplicate samples was
determined for microbial counts.

I1. RESULTS AND DISCUSSION

The results of the effect of active packaging on
TBARS and the microbial counts in beef are
presented in Table 1 and 2. The influence of active
packaging on TBARS (as a lipid oxidation value)
in beef is presented in Table 1. The TBARS value
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Table 1 The effects of active packaging on the TBARS
in beef during cold storage

Treatments
s(go;;%e C T1 T2
1 0.32%9+0.08 0.35°+0.05 0.349+0.07
7 0.63°°40.04 0.52%°+ 0.05 0.49%°+ 0.07
14 0.75"°+0.05 0.66°+0.04  0.59°°+0.03
21 0.97%%+0.08 0.74%+0.02 0.67%%+0.05

C: Ziplock bag packaging, T1: vacuum packaging,
and T2: active packaging, MA, malondialdehyde.

A B Means + SD with different superscripts in the same
column differ significantly at p<0.05. **% Means + SD
with different superscripts in the same row differ
significantly at p<0.05.

increased significantly during the storage period in
all samples. The TBARS value was significantly
lower in the T1 and T2 samples than in the C
sample after 7 days of storage, probably due to the
lower O, content in the vacuum-packaged meat
and higher CO, contents in the active-packaged
meat than those in the ziplock bag-packaged meat.
Numerous studies have reported that the presence
of CO, and vacuum-packaging conditions result in
less lipid oxidation than that in aerobic-packaging
conditions [5]. Thus, we believe that the active-
packaging method can improve the shelf-life and
consumer acceptance of beef with less lipid
concentration during cold storage.

The influence of active-packaging methods on the
growth of microorganisms in beef is presented in
Table 2. The number of microorganisms increased
with cold storage in all samples. The total bacterial,
lactic acid bacteria, and E. coli counts were
significantly lower in the T1 and T2 samples than
in the C sample after 7 days of storage. In
particular, the total bacterial counts and E. coli
count were lowest in the T2 sample than in the
other samples at the end of the storage period (i.e.,
21 days). A high CO, level (10-80%) is desirable
for the storage of foods such as meat and poultry
as it facilitates inhibition of surface microbial
growth and extends the shelf-life of the food [6].
The results of this study showed that all bacterial
growth was delayed by the self-CO,-generation
materials in the T2 sample. These findings indicate
that CO, was the most effective antimicrobial
factor and that the total bacterial growth can be
decreased by active packaging during cold storage

Table 2 The effects of active packaging on microbial
counts in beef during cold storage

Total bacterial counts

Storage

(days) c T1 T2
1 3,569+ 0.52 3.42°+0.26 3.55°+0.19
7 4.35°°+0.41 3.97°°+0.24  3.14%+ 057
14 5.90"°+ 0.43 51250+ 0.36  5.08%°+0.10
21 9.89"+ 0.50 8.8282+ 036  8.02%°+0.42
Lactic acid bacteria
Storage
(days) c T1 T2
1 1.59°+0.23 1.40°+0.38 1.45°+0.43
7 1.78%°+0.18 1.30%¢+ 0.22 1.32%¢+0.31
14 267°%°+0.33  2.10%°+0.13 2.225°+0.24
21 3.93%+0.51 3.265%+0.19 3.155%%+0.11
E. coli
Storage
(days) C T1 T2
1 1.129+0.10 1.23°+0.07 1.20°+0.11
7 1.98°+0.11  1.24%°+009  1.38%°+0.15
14 231%+012  1.95%°+0.10  1.84%%+0.08
21 329%+0.17  258%+012 201%%0.16

C: Ziplock bag packaging, T1: vacuum packaging,

and T2: active packaging.

A B.C Means + SD with different superscripts in the

same column differ significantly at p<0.05. *

b, c d

Means + SD with different superscripts in the same
row differ significantly at p<0.05.

Before storage

After 21 days of
storage

T1

T2

Figure 1 Representative image of packaged beef
samples during cold storage.
C: Ziplock bag packaging, T1: vacuum packaging,

and T2: active packaging.

without inducing any color deterioration. Another
possible mechanism for the inhibitory effects of
CO, could be the inhibition of substrate uptake by
microorganisms [7] because the properties of
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proteins are modified by CO, [8]. Thus, microbial
growth can be decreased by the action of CO, in
the environment of active packaging.

V. CONCLUSION

In this study, for the first time, self-CO,-
generation materials have been reported for active
packaging for the purpose of inhibiting the growth
of microorganisms and for improving the shelf-life
of beef. However, self-CO,-generation materials
(e.g., sodium bicarbonate and citric acid) are cheap
and convenient to use. Moreover, sodium
bicarbonate and citric acid are edible food
additives. Therefore, the use of self-CO,-
generation materials for active packaging is a
useful active packaging system. The CO, contents
in active packaging were dramatically increased
over the storage period by the self-CO,-generation
materials in this study (Fig. 1). At the end of the
storage period, the CO, level was approximately
58%. Taken together, our data indicate that active
packaging by using self-CO,-generation material
can extend the shelf-life similar to that observed
with vacuum packaging, and that the active-
packaging method can improve the quality
characteristics of beef during cold storage.

ACKNOWLEDGEMENTS

This work was supported by the Priority Research
Centers Program through the National Research
Foundation of Korea (FRF), funded by the Ministry of
Education, Science and Technology.

REFERENCES

1.JinS. K, KimI. S, Song Y. M., Kim D. H., Lee C.
Y., Hur I. C., Park J., Kang S. N. & Hur S. J. (2013).
Effect of Packaging Methods on Quality
Characteristics of Low-Grade Beef during Aging at
16¢. Journal of Food Processing and Preservation,
37:1111-1118.

2. Kropf D. H. (2004). Packaging. In W. K. Jensen, C.
Devine, & M. Dikeman (Eds.). Encyclopedia of meat
science, 3: 943-976.

3. Buege A. J. & Aust S. D. (1978). Microsomal lipid
peroxidation. Method in Enzymology, 52: 302-310.
4. Speck M. L. (1992). Compendium of methods for
microbiological examination of foods American

Public

.Hur S. J., JinS. K., Park J. H., Jung S. W. & Lyu H.

J. (2013). Effect of modified atmosphere packaging
and vacuum packaging on quality characteristics of
low grade beef during cold storage. Asian-
Australasian Journal of Animal Sciences, 26: 1781-
1789.

. Kerry J. P., O’Grady M. N. & Hogan S. A. (2000).

Past, current and potential utilisation of active and
intelligent packaging systems for meat and muscle-
based products: A review. Meat Science, 74: 113-130.

Farber J. (1991). Microbiological aspects of
modified-atmosphere  packaging technology: a
review. Journal of food protection (USA).

. Dixon N. M. & Kell D. B. (1989). The inhibition by

CO2 of the growth and metabolism of
micro-organisms. Journal of Applied Microbiology,
67: 109-136.

62" International Congress of Meat Science and Technology, 14-19"™ August 2016, Bangkok, Thailand



