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Abstract

The aim of this study was to determine the optimal storage condition of pre-packed Hanwoo beef without freezing. Han-
woo loin was purchased from a local distributor at 48 h after slaughter, then sliced in 1.5±0.5 cm thickness, and packed in a
polyethylene (PE) tray covered with linear low-density polyethylene (LLDPE) film. The studied factors to set the optimal
storage condition were chamber temperature (5, 2.5 and -1oC for 14 d), cooling method (direct and indirect cooling system),
and ultraviolet (UV) light irradiation for beef surface sterilization (0, 30, 60, and 120 min). The changes of pH, thiobarbitu-
ric acid reactive substances (TBARS) and number of aerobic bacteria were measured during storage. Beef samples stored
in -1oC showed the minimal increasing rate in TBARS and microbial growth. After 15 d of storage, there was no significant
difference in pH and TBARS values. However, the microbial population of beef stored in direct type cooling chamber
(4.25±0.66 Log CFU/g) was significantly lower than that of beef stored in indirect type chamber (6.47±0.08 Log CFU/g)
(p<0.05). After 4 d of storage, 60 or 120 min UV light irradiated beef samples showed significantly lower microbial popu-
lation, and at 14 d of storage, 60 min UV irradiated beef sample showed significantly lower microbial population
(3.14±0.43 Log CFU/g) than control (4.46±0.13 Log CFU/g) (p<0.05). However, TBARS values of 60 or 120 min UV light
irradiated beef samples were significantly higher than non-irradiated beef sample after 4 d of storage (p<0.05).
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Introduction

As meat products are good media for microorganisms

and easy to be perished, those are stored practically in

freezer to maintain eatable state as long as possible. The

advantage of freezing rather than chilling is extension of

meat storage time. However, unfortunately, freezing is

not recommended as the best storage method for preserv-

ing its quality. Some researches have introduced freezing

and thawing increase tenderness by tissue weakening

(Shanks et al., 2002; Wheeler et al., 1990). However, as

the weakness is from cell and tissue damage by large ice

crystals formed both intra- and inter-cellularly when fro-

zen (Raheliæ and Pauè, 1985), it leads to weight loss

which was directly related to loss of juiciness, conse-

quently. On the aspect of sensory quality, sensory evalua-

tion result was introduced as chilled beef had higher

acceptability in meat taste, juiciness and tenderness from

panels (Lagerstedt et al, 2008). However, meat would not

last more than a week in eatable state when it was stored

in refrigerator to preserve sensory quality. Color change

of muscle and fat with generated off-odors as a result of

microbial growth and enzymatic degradation of protein

and fat during chilled storage are very evident compare to

freezing. Likewise, storage of both freezing and chilling

has advantages and disadvantages. Storage temperature is

the most important and critical factor on chilled meat

quality. Physicochemical factors profile against storage

temperature is difficult to describe on numerical forma-

tion for many variables affection. However, maintaining

lowest temperature of chilling range in fixed temperature

is the best storage method for quality preservation (Ayres,

2007; Dransfield et al, 1980; Jung et al, 1996).

The aim of this study was to set the optimal condition

for the storage of pre-packed beef for consumers without

freezing. Storage temperature, cooling method of cham-

ber (direct or indirect cooling), and UV irradiation condi-

tions for microbial sterilization in storage chamber were

investigated by measuring the change of the population of
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aerobic bacteria and lipid oxidation during storage period.

Materials and Methods

Preparation of samples

Hanwoo loin was taken from grade 1 carcass after mea-

suring the carcass grading scores by Korean beef grading

standards. Selected meat was purchased from local dis-

tributor at 48 h after slaughter, then transported to labora-

tory and sliced in 1.5±0.5 cm thickness and packed in

packed in a polyethylene tray (PE) covered with linear

low density polyethylene (LLDPE) film. Pre-packed

Hanwoo loin was stored in a chamber for analysis. To

determine the best storage temperature, samples were

stored at 3 different temperature conditions (5, 2.5, -1oC)

for 14 d and physicochemical properties were analyzed.

Direct- and indirect-refrigerator were controlled to the

same temperature (-1oC) with samples stored to verify the

effect of cooling method on beef storage and to decide

cooling method for better storage. Samples were taken 4

times during 15 d of storage and analyzed. Samples were

divided into 4 groups and stored at -1oC, then ultraviolet

ray was irradiated on each group for 0, 30, 60, and 120

min at initial storage to analyze the effect on microbial

sterilization. Samples were taken 4 times during 14 d of

storage and analyzed.

Preparation of cooling chambers

Two types of temperature controllable test-refrigerator

were prepared to determine the most effective factors for

beef storage, such as temperature, cooling method, and

irradiation condition of ultraviolet ray at initial storage.

Those were indirect cooling refrigerator, which generates

low temperature air and circulates into storage chamber,

and direct cooling refrigerator, which circulate refrigerant

into metal pipe attached on storage chamber outer wall to

cool the chamber wall. They had 40 L volume with two

vertically installed ultraviolet radiation lamps of 253.7

nm wavelengths with 32 µW/cm2 intensity.

Physicochemical and microbial analysis on samples

pH of pre-packed Hanwoo loin was determined with

digital pH meter (4 Star, Orion, USA) equipped with a

combined glass electrode. Five g of meat was homoge-

nized with 20 mL distilled water using Ultra-Turrex T25

tissue homogenizer (Janke and Kenkel, IKA, Labor Tec-

nik, Germany) for 1 min. The lipid oxidation of pre-

packed Hanwoo loin was measured by modified thiobar-

bituric acid method (Witte et al. 1970). Briefly, 5 g of

meat sample was added to 45 mL of 20% trichloroacetic

acid (in 2 M phosphate solution) and homogenized using

Ultra-Turrex T25 tissue homogenizer (Janke and Kenkel,

IKA, Labor Tecnik, Germany), and the solution was fil-

tered through Whatman No. 1 filter paper. After mixing

5 mL of filtrate with 5 mL of 2-thiobarbituric acid (0.005

M in water) in test tube, the test tube was kept at room

temperature in the dark for 15 h, and measured the absor-

bance at 531 nm using spectrophotometer (X-ma 1000,

Human Co., Korea). Total microbial count was examined

with modified standard plate count as follows; 5 g of

sample were added to 45 mL of 1% sterilized buffered

peptone water and homogenized with BagMixer (Inter-

science, France) and diluted to proper ratio. After dilu-

tion, 1 mL of sample was put on 3 M petrifilm (3M, USA)

and incubated at 37oC for 48 h.

Statistical analysis

Whole experiments were replicated 3 times with 2

observations per each replication. Statistical analysis was

performed with the SAS program for Window V9.1 (SAS

Institute, USA). General linear model (GLM) with Dun-

can's multiple range test was carried out to analyze the

significant differences among the treatments (p<0.05).

Results and Discussion

Effect of storage temperature on the shelf life of

Hanwoo loin

The change of physicochemical and microbial proper-

ties of Hanwoo loin stored in different temperature was

shown in Table 1. There was significant difference

between beef samples stored in different temperatures

and storage period, however, it did not showed a consis-

tent tendency. As confirmed by Pearson et al. (1983),

TBA assay is the most popular method of measuring oxi-

dative deterioration of lipids, and it is highly correlated

with sensory evaluation scores in meat products (Igene

and Pearson, 1979). All of the samples showed increasing

tendency in TBARS values as the storage period increased.

Above all, at 1 d of storage, beef samples stored in -1oC

showed significantly high TBARS value of 0.19±0.04 mg

malonaldehyde/kg meat, however, at the end of storage

(14 d) it was lower than other beef samples stored in 5 or

2.5 chamber. This result was corresponded with Xu et al.

(2011), which reported that TBARS values of different

samples were highly dependent on storage temperature.

The population of aerobic bacteria in beef samples was

measured during 14 d of storage in 3 different tempera-
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tures. The bacterial growth rate of samples stored in each

temperature has shown different characteristic since 7 d

of storage as shown on Table 1. The microbial count

which started from 1.52, 1.17, and 2.09 Log CFU/g at the

initial state increased to 3.62, 4.35, and 1.94 Log CFU/g

at 14 d of storage in 5oC, 2.5oC and -1oC conditions,

respectively. By controlling storage temperature in -1oC

the microbial growth could be inhibited effectively. As

freezing temperature of beef was introduced as -1.8oC

(Desrosier, 1970; Geankoplis, 1998; Singh and Heldman,

2001) and considering tolerance of temperature control,

the most effective temperature was considered as -1±0.5oC.

Effect of cooling method on the shelf life of Han-

woo loin

The change of pH, TBARS and population of aerobic

bacteria was measured during storage for 15 d in -1±0.5oC

with different cooling type chamber to define more effec-

tive cooling method. There was no significant effect of

cooling type of chamber on pH and TBARS values dur-

ing storage period (Table 2). However, there was signifi-

cant difference on microbial growth rate (p<0.05). The

population of aerobic bacteria of beef samples stored in

indirect cooling chamber showed fast growth rate than

direct cooling chamber. Initial population of bacteria

started from 3.18±0.44 Log CFU/g and resulted to 6.47±

0.08 and 4.25±0.66 Log CFU/g at the end of examination

for indirect and direct cooling, respectively. From this

result, direct cooling type chamber was considered as

more effective than indirect cooling type chamber for

inhibition of microbial growth.

Effect of ultraviolet light irradiation on the shelf

life of Hanwoo loin

Effects of ultraviolet (UV) light irradiation at the initial

storage of beef samples on physicochemical and micro-

bial properties were measured to verify effectiveness on

prolongation of shelf-life of Hanwoo beef stored in -1oC

direct cooling type chamber. There was no consistent ten-

dency of UV light irradiation on pH of beef samples dur-

Table 1. The change of physicochemical and microbial properties of Hanwoo loin stored in cooling chambers with different tem-

perature

Storage (d) 1 4 7 14

pH

5oC 5.65±0.19aA 5.57±0.01bAB 5.62±0.02aAB 5.53±0.02bB

2.5oC 5.58±0.04bB 5.52±0.01cC 5.56±0.03bBC 5.65±0.01aA

-1oC 5.69±0.16aA 5.61±0.04aB 5.60±0.07abB 5.58±0.09abB

TBARS*

5oC 0.13±0.04bB 0.19±0.02B 0.16±0.01B 0.39±0.01abA

2.5oC 0.18±0.01aB 0.17±0.03B 0.15±0.07B 0.43±0.04aA

-1oC 0.19±0.04aB 0.17±0.06B 0.15±0.07B 0.35±0.04bA

Total Microbes**

5oC 1.52±1.14abC 2.42±0.15aB 2.68±0.49abB 3.62±0.35bA

2.5oC 1.17±0.24bD 1.62±0.23bC 3.28±0.19aB 4.35±0.22aA

-1oC 2.09±0.54aAB 1.64±0.74bB 2.27±0.75bA 1.94±0.57cAB

Values are mean±SD

*TBARS; thiobarbituric acid reactive substances (mg malonaldehyde/kg meat)

**Total Microbes; Log CFU/g
a-cMeans in the same column with different letters are significantly different (p<0.05).
A-DMeans in the same row with different letters are significantly different (p<0.05).

Table 2. The change of physicochemical and microbial properties of Hanwoo loin stored in -1oC cooling chambers with different

cooling type

Storage (d) 0 7 12 15 

pH
Direct 5.60±0.13B 5.63±0.10bB 5.11±0.48C 5.91±0.08A

Indirect 5.60±0.13C 5.76±0.14aB 4.99±0.05D 5.90±0.03A

TBARS*
Direct 0.03±0.01D 0.48±0.10C 0.68±0.01B 0.85±0.16A

Indirect 0.03±0.01C 0.48±0.04B 0.79±0.17A 0.86±0.13A

Total Microbes**
Direct 3.18±0.44B 3.43±0.79bB 3.58±0.43bB 4.25±0.66aA

Indirect 3.18±0.44C 4.54±0.15aB 6.32±0.21aA 6.47±0.08aA

Values are mean±SD

*TBARS; thiobarbituric acid reactive substances (mg malonaldehyde/kg meat)

**Total Microbes; Log CFU
a-bMeans in the same column with different letters are significantly different (p<0.05).
A-DMeans in the same row with different letters are significantly different (p<0.05).
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ing storage (Table 3). As irradiation time was increased,

the microbial growth rate was decreased. After 4 d of stor-

age, 60 or 120min UV light irradiated beef samples showed

significantly lower microbial population, and at 14 d of

storage, 60 min UV light irradiated beef sample showed

significantly lower microbial population (3.14±0.43 Log

CFU/g) than control (4.46±0.13 Log CFU/g) (p<0.05).

Although, UV irradiation decreased the microbial growth

rate, TBARS values of UV light irradiated samples inc-

reased faster than non-irradiated control. After 4 d of stor-

age, TBARS values of 60 or 120 min UV light irradiated

beef samples were significantly higher than other beef

samples (p<0.05), however, 30 min UV light irradiated

beef sample had no significant difference during all stor-

age period (p>0.05). This counter effect is due to the UV

light irradiation, which breaks the composition of fat and

produce radicals, and finally acidification accrues to inc-

rease TBARS value.

Conclusion

For the prolongation of shelf life of pre-packed beef,

control of storage temperature and decrease of initial pop-

ulation of microbes were important. Keeping the temper-

ature just above of freezing point of beef was helpful in

decreasing microbial growth rate. Direct cooling type

chamber, same as Kim-chi specialized refrigerator, was

more effective than indirect cooling chamber (home-style

refrigerator). However, there is a need for the develop-

ment of sterilization techniques for pre-packed beef with-

out any counter effect.
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