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Abstract The effects of ultraviolet (UV) radiation on the
physicochemical characteristics of Korean native cattle
(Hanwoo) beef with regards to shelf life were investigated
in this research. The Hanwoo beef was exposed to UV
radiation (4.5 mW s/cmz) for 0, 5, 10, 15, and 20 min. The
results showed no differences in physicochemical param-
eters such as pH, drip loss, and shear force for all of the
beef samples that were treated during storage. Lightness
(L* value) and yellowness (b* value) did increase during
storage. The redness (a* value) of all of the Hanwoo beef
tended to increase until day 6 of storage, but then decreased
afterward. The non-radiated beef had higher L*, a*, and b*
values than UV-radiated Hanwoo beef. Furthermore, the
UV-radiated beef showed significantly higher thiobarbitu-
ric acid values during storage as compared to those of non-
radiated beef. No differences in the volatile basic nitrogen
values in any of the beef samples were observed during
storage. The sensory evaluation also showed no significant
differences between the UV radiation treatments. The
results verified that the physicochemical characteristics of
beef were not significantly affected by UV radiation
treatments.
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Introduction

Meat consumption, especially beef, has increased significantly
with the rapid economic development and rising per capita
incomes in Korea in the last two decades (Lee and Cho 2012).
Beef consumption per capita in Korea was changed from 1.2 to
10.7 kg, an increase of about 800 % from 1997 to 2011. With
the expectations of continued economic growth of Korea, the
meat market should significantly grow further (Jo et al. 2012).
According to the references, Hanwoo beef contains highly
marbled fat, thin muscle fibers, and minimum connective tis-
sues (Kim et al. 1994; Cho et al. 2005; Jo et al. 2012) which are
attractive elements for consumers; therefore, Hanwoo beef has
better quality and is fresher than other imported beef (Kim and
Lee 2000; Han and Lee 2010) although more expensive. Due to
the increasing consumer demand, it is now important to study
ways of prolong Hanwoo beef storage periods.

The ultraviolet (UV) radiation method is considered one of
the best ways to increase shelf life and preserve beef quality.
UV has a shorter wavelength region than visible light
(400 nm) but longer than X-rays (100 nm), and it is well
known that UV has sterilization and disinfecting effects. UV
from 100 to 280 nm has typically been used for sterilization
purposes. The UV disinfection method of food radiation does
not affect food quality or bacterial resistance. It is a very
simple and safe method without residual components (Ryeong
1996). UV radiation has been studied to improve the storage
period of onions (Lu et al. 1987; Perez-Gregorio et al. 2011),
sweet potatoes (Stevens et al. 1990; Chan et al. 2010), apples
(Wilsonetal. 1997), apple cider (Harrington and Claude 1968;
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Assatarakul et al. 2012), whole fish (Huang and Toledo 1982;
Sucreetal. 2012), shelled eggs (Kuo etal. 1997), and fresh-cut
fruit (Manzocco et al. 2011). However, it has not been
established as a practical and commercial food sterilization
method because of the public perception that UV radiation is
unsafe. Moreover, it is not very penetrating on muscle surface
which must be directly exposed to the rays to kill the patho-
genic microorganisms. Our previous study was verified that
UV radiation can effectively inhibited the growth of patho-
genic bacteria on the surface of meat and improved the meat’s
microbial safety. In this study, we investigated the physico-
chemical characteristics and conducted a sensory evaluation
of UV-radiated Hanwoo beef to confirm and improve the
safety of this type of storage without changing the quality of
the beef.

Materials and methods
Materials

The cull female Hanwoo beef was obtained from Boseong-
Gun, Chola-Nam-Do, South Korea in the form of a 4-year old
weighing approximately 301 kg. About 1-cm-thick slices of
beef muscle (Longissimus dorsi muscle at the 13th rib inter-
face) were cut 5 h after slaughter for use in the experiment.
The muscle slices were packaged in polyethylene bags using a
vacuum system and stored at 2 °C in the chilling room until
used. Sample (approximately 250 g) of the muscle was pre-
pared and frozen in liquid nitrogen and stored at —70 °C until
analysis for chemical-physical characteristics.

Methods
UV radiation

A UV lamp (germicidal lamp G10T8, Sankyo Denki Co.,
Ltd., Tokyo, Japan) was equipped with a wavelength of
254 nm and a 10 W output. Each bank contained 10 lamps
and was mounted above and below the device. UV radia-
tion intensity was measured using a UVX digital radiom-
eter (UVP, Inc., Upland, CA, USA). UV radiation was
applied at 4.5 mW/cm? for 0, 5, 10, 15, and 20 min. The
beef radiated with UV was put on a polystyrene foam tray
and packed with polyvinylchloride wrap, then stored at
4 +1°C (BI-100 M, JEIO TECH, Seoul, Korea). The
samples were investigated over a 9-day storage period.

Proximate composition analysis

Moisture, crude ash, crude protein, and crude fat were
determined using an AOAC (2006) method. Approximately,
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10 g of the sample was dried at 105 °C until constant weight
and moisture content could be determined gravimetrically.
The dried sample was thereafter combusted at 550 °C over-
night to determine ash content. Crude protein was extracted
and determined using the micro-Kjeldahl method, via an
automatic nitrogen analyzer (UDK 130A, VELP Scientifica,
Italy). The crude lipids content was determined by Soxhlet
extraction method.

Physical and chemical analysis

pH A 10 g portion of beef was mixed with 20 ml distilled
water and homogenized to measure the pH using a meter
(VWR Scientific, model 8000; Choi et al. 1995). The pH
was measured at 0, 2, 4, 6, 7, 8, and 9 days of storage at
4 °C after being treated with UV radiation at various times.

Drip loss Drip loss was calculated by finding the difference
in levels before and after the storage period (Kim and Cheong
1999). Drip loss was calculated by the following equation:

W, — W,
Drip loss (g/100 g) = Tt X

o

100,

where W, is the pre-weighted beef weight and W, is the
beef weight after storage.

Color Meat color was measured using a color difference
meter (spectrophotometer, Minolta CM-3500d, Tokyo,
Japan); the color of the meat was measured 10 times at the
front and the rear sides of the beef and expressed with L*,
a*, and b* values (L lightness, a redness, and b yellow-
ness). Zero calibration was set up with a CM-A124 box,
and white calibration was set up with a CM-A120 box.

Shear force Shear force was considered to be the rate of
force required to cut the beef (kg/cm?) at a speed of 3 mm/s.
It was measured by a Warner—Bratzler texture analyzer (TA-
XT2, Stable Micro Systems, Hasemere, England) while
producing a2.5 x 5 x 1 cm beef slice.

Thiobarbituric acid (TBA) value TBA values were mea-
sured as described by Witte et al. (1970). Beef (20 g) was
mixed using a mixer (Hanil FM 909T, Seoul, Korea) and
50 ml 20 % 2-trichloroacetic acid solution dissolved in a
2 M phosphate. The sample was homogenized (homoge-
nizer, AM-3, Nihonseiki Kaisha Ltd., Tokyo, Japan) at a
speed of 10,000 rpm for 2 min; then the filtering process
was repeated using Whatman #1 and #5 filter paper,
adjusted to a constant level of 100 ml using distilled water.
The 5 ml filtered solution was mixed with 5 ml 5 mM
2-thiobarbituric acid followed by boiling for 35 min in a
100 °C water bath and cooling for 10 min in cold water.
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Absorbance at 530 nm was measured by a spectropho-
tometer (UV-1201, Shimadzu).

Volatile basic nitrogen (VBN) The VBN value was mea-
sured as described by Yi and Sung (1984). The 10 g of beef
was mixed with 30 ml distilled water. The sample was
homogenized at a speed of 10,000 rpm for 2 min. Then, the
sample was filtered with Whatman #1 and #5 filter paper and
adjusted to 100 ml with distilled water. The 1 ml filtered
solution was put in the outer space of a Conway unit. The 1 ml
0.01 N H3BOj3 and 2-3 drops of Conway reagent (1:1 mixture
with 6.6 x 1072 % methyl red and 6.6 x 10~* % bromoc-
resol green) were put in the inner space of the Conway unit.
After adding 1 ml of K,COj solution (to the upper layer, after
dissolving 50 g K,CO; in 100 ml of distilled water), the
Conway unit was sealed immediately, using glycerin. The
sealed Conway unit was shaken slowly and incubated at 37 °C
for 2 h, then titrated with a 0.01 N H,SO, solution. The VBN
value was calculated by the following equation:

(B—A) X f x N x D x 14.007
S

VBN (mg/100 g) =
x 100,

where (S) is the meat sample weight (g), (A) is the volume
of the H,SO, solution added to the blank (ml), (B) is the
volume of H,SOy, solution added to the sample (ml), (V) is
the normal concentration of the H,SO, solution, (f) is the
standard factor, (D) is the dilution factor, and 14.007 is the
nitrogen content (mg) that was reacted with 1 ml of the 1 N
H,SO, solution.

Sensory changes during storage

Ten sensory test experts participated in this study. They
observed, smelled, and felt five different beef samples
exposed for 0, 5, 10, 15, and 20 min to UV radiation after
9 days of storage. Five parameters (odor, tenderness, color,
succulence, and overall acceptability) were ranked from
good (one point) to bad (seven points) (Choi and Yeo 1998).

Statistical analysis

The statistical analysis was performed using an SAS pro-
gram (2003). Replicate samples were collected and tripli-
cate analyses were conducted by analysis of variance using
a general linear model procedure. The statistical signifi-
cance of the differences among the different treatment
means was accessed by Duncan’s multiple range tests.
Differences were considered significant for P-values lower
than 0.05.

Results and discussion
Proximate composition analysis

The results of the proximate composition analysis (mois-
ture, crude ash, crude protein, and crude fat) of the Hanwoo
beef treated with 0, 10, and 20 min of UV radiation are
shown in Table 1. The Hanwoo beef contained 71.64 %
moisture, 0.96 % crude ash, 18.25 % crude protein, and
4.78 % crude fat. No significant compositional difference
was observed between the UV radiation-treated and UV
radiation-untreated beef (P < 0.05). Fat content was sig-
nificantly low in this cull female beef (18.15 %) compared
to 14+ quality grade Hanwoo steer Longissimus (21.48 %)
(Cho et al. 2005). UV rays are not capable of penetrating
solid foods such as meat, and can only affect the surface
and inhibit the growth of pathogenic microorganisms while
avoiding negative effects on meat quality (Gailunas 2003).
Therefore, overall composition is unlikely to change with
UV treatment.

Physicochemical changes during refrigeration
pH

The pH changes in the Hanwoo meat following UV radi-
ation during storage at 4 °C for 9 days are shown in Fig. 1.

Table 1 Results of the proximate composition analysis of Hanwoo beef treated with UV radiation

Proximate compositions

UV radiation time (min)

0 10 20
Moisture 71.64 £ 2.44* 73.41 £ 1.58% 71.43 + 2.47°
Crude ash 0.96 £+ 0.17* 091 + 0.12*° 0.97 £ 0.25%
Crude protein 18.25 + 1.90* 20.01 + 3.11* 20.05 + 2.05°
Crude fat 478 + 0.16™ 4.72 £+ 0.00 4.70 £+ 0.00"
Total 95.63 99.05 97.15

Unit g/100 g
Value shown as mean =+ standard deviation

*® Means with the same superscripts in a row are not significantly different by Duncan’s multiple range test (P < 0.05)
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Fig. 1 Changes of pH in Hanwoo beef treated with UV radiation for
various times during storage at 4 °C. Dashed filled circles control
(without UV radiation), dashed open circles S min, dashed filled
down pointing triangles 10 min, dashed open down pointing triangles
15 min, dashed filled squares 20 min

The initial pH was 5.6-5.7. The pH levels of all of the
samples from the initial 2 days of storage decreased and
then slightly increased up to day 9 of storage. These results
were consistent with those reported by Chung et al. (1997)
in which pH decreased immediately after slaughter and
increased gradually during storage at 5 °C. Energy is stored
in muscles as glycogen that is formed under normal cir-
cumstances. However, in dying muscle glycogen is con-
verted to lactic acid which decreases pH and causes the
normally purple muscle to change in color to bright red or
pink due to the accumulation of hydrogen ions (England
et al. 2013) and metabolic heat production (Jacob and
Hopkins 2014). The reason for the gradual increase in pH
levels after 2 days of storage is believed to be an increase
in amino acid and nitrogen compounds, along with protein
degradation caused by the secretions of enzymes from
aging muscles or microorganisms (Park et al. 1988; Kim
et al. 2010). No significant pH difference was observed
between the UV radiation time and the storage period
(P < 0.05).

Drip loss

The changes in drip loss in beef treated with UV radiation
during storage at 4 °C are shown in Fig. 2. The drip loss
following 0, 5, 10, 15, and 20 min of UV radiation of beef
increased significantly (2.70, 2.45, 1.52, 2.03, and 1.76 g/
100 g, respectively) during 2 days of storage, and then
steadily increased for 9 days of storage. According to the
study by Wyrwisz et al. (2012), drip loss negatively cor-
relates with the pH value; this conclusion was supported by
our initial 2 day incubation results (see Fig. 1). No sig-
nificant difference in drip loss was observed between the
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Fig. 2 Changes of drip loss in Hanwoo beef treated with UV
radiation of various times during storage at 4 °C. Dashed filled circles
control, dashed open circles 5 min, dashed filled down pointing
triangles 10 min, dashed open down pointing triangles 15 min,
dashed filled squares 20 min

UV radiation and the storage time (P < 0.05). Drip loss is
caused by the lateral shrinkage of myofibrils that expel
water into the muscle’s extracellular space. After slaughter,
the inter-fiber bundles and individual fibers have large gaps
which act as channels to transport these drips (Honikel
et al. 1986; Huff-Lonergan and Lonergan 2007). The sig-
nificant increase in drip loss in the initial 2 days of storage
could be explained by the relatively high temperature
during the initial storage period, even in the refrigerator.
O’Keeffe and Hood (1980-1981) reported that drip loss at
0-5 °C is less than that at 5-10 °C. The cause of the
temperature effect on drip loss is unknown, but it is
probably due to a decrease in the viscosity of the drip
(Marjan et al. 1998; Bekhit et al. 2007), which might lead
to a change in the beef’s quality.

Color

The results of changes in Hunter color values of the Han-
woo beef treated with varying durations of UV radiation
times during storage at 4 °C are shown in Table 2. The L*
values (lightness) of all samples increased significantly
during the 9 days of storage. These results were similar to
studies performed by Yook et al. (1998) and Kim and
Cheong (1999). The a* values (redness) of all samples
increased through day 6 of storage, but then decreased by
day 9. The b* values (yellowness) of all samples either did
not significantly change or increased slightly over the
9 days of storage. A similar effect was observed by Yook
et al. (1998). The L*, a*, and b* values of non-radiated
Hanwoo beef were significantly higher than those of UV-
radiated beef. This could be explained by lipid oxidation
and with the oxymyoglobin layer that forms on the beef’s
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Table 2 Changes of Hunter Storage time (days) UV radiation time (min)
color values in Hanwoo beef
treated with UV radiation for 0 5 10 15 20
various times during storage at
4 °C L* value
0 39.79°¢ 38.98°P 38.84°P 38.01°P 38.13°E
2 39.82¢ 39.52¢¢ 39.30°C 38.81°C 38.83°°
4 40.41%8¢ 39.37°¢ 39.30°¢ 38.81°C 38.83°P
6 41.07°B 41.05%® 39.75"B 39.35B 39.15%¢
8 41.07°B 41.05%® 40.57°4 40.58AB 40.18°®
9 42.55% 42.57%4 40.71%4 41.16°* 41.03°4
a* value
0 10.08°¢ 9.90B 8.11°P 8.579A 8.74°A
2 10.10°¢ 9.92°B 8.63AB 9.77°B¢ 9.92°B¢
4 10.10°¢ 9.92°8 8.639AB 9.77°B¢ 9.92°8B¢
6 10.80°8 10.46°¢ 10.78"¢ 9.94°¢ 10.19%¢
8 9.29°A 9.77°B 10.18%8 9.46°® 9.65°8
aA bA bA CA cA
a¢ Means with the same 9 9.15 8.93 8.96 8.49 8.45
superscripts in a row are not b* value
significantly different by 0 8.69°C 8.10B 7.97°C 7.94<P 7.94C
Duncan’s multiple range test ) 8,038 3.44°B 3 61" g 144C 3078
(P <0.05) aB cB bB dc eB
A-D Means with the same 4 8.93aA 8.44bA 8.61CB 8.14dBC 8.07CA
superscripts in a column are not 6 9.64 9.26 8.59 8.24 8.52
significantly different by 8 9.77°A 9.34%A 9.17°A 8.98 9B 9.18P
Duncan’s multiple range test 9 9.742A 9.20 9.04bA 8.91°A 9,280
(P < 0.05 . . . . i
surface (Mancini and Hunt 2005a, b). Myoglobin converts 14

to oxymyoglobin when fresh meat is exposed to oxygen,
which leads to a decrease in the bright red color by oxida-
tion reduction after 6 days of storage. Midgley and Small
(2006) reported that UV light has been associated with
accelerated lipid oxidation and browning due to metmyo-
globin formation.

Shear force

Figure 3 shows the changes in shear force of Hanwoo beef
after being treated with UV radiation during storage. The
shear force values for the 0, 5, 10, 15, and 20 min UV-
radiated beef were 11.72, 11.96, 11.21, 11.51, and
11.26 kg/cm?, respectively. No difference was observed
between UV-radiated and non-radiated beef (P < 0.05).
During the 9 days of storage, shear force decreased slightly
to 9.16, 8.92, 9,66, 8.84, and 8.84 kg/cm2 in the 0, 5, 10,
15, and 20 min UV radiation groups, respectively. Simi-
larly, Kim and Cheong (1999) and Smith et al. (1971)
reported decreased shear forces with increased storage
times. The decrease in shear force could be induced from
the longer sarcomere length and destruction of the Hanwoo
beef muscle bundles during storage (Yook et al. 2001;
Hwang et al. 2004).

-
nN

Shearforce (kgfc m2)
=

(-

B L L L L L L L L 1 1
0 1 2 3 4 5 6 7 8 9

Storage time (days)

Fig. 3 Changes of shear force in Hanwoo beef treated with UV
radiation for various times during storage at 4 °C. Dashed filled
circles control, dashed open circles 5 min, dashed filled down
pointing triangles 10 min, dashed open down pointing triangles
15 min, dashed filled squares 20 min

TBA values

One of the most important causes of beef deterioration is
lipid oxidation, which affects fatty acids components.
Particularly, polyunsaturated fatty acids are changed to
peroxide and carbonyl compounds. The TBA test is a
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colorimetric analysis in which absorbance is measured
between the TBA and malonaldehyde reactions. TBA
values could be closely related to increased unpleasant
odors during meat storage (Yook et al. 1998) and lipid
oxidation (Kusmider et al. 2002). The TBA values of
Hanwoo beef treated with UV radiation increased steadily
until day 7 of storage, and then increased significantly to
0.76, 0.82, 0.84, 0.85, and 0.87 in the 0, 5, 10, 15, and
20 min UV-radiated treatments, respectively (see Fig. 4).
Previous research (Demeyer et al. 1974; Gandemer 2002)
reported that fatty acids are degraded by lipase hydrolysis
and microbial metabolism to produce peroxides and car-
bonyl compounds, aldehydes, ketones, and alcohols, which
affect the taste and flavor of meat. TBA values in the tested
meat increased significantly with storage time. The UV-
radiated meat showed slightly higher (P < 0.05) TBA
values during storage than those of non-radiated beef,
which might be explained by the auto-oxidation of fat. Free
radicals combine with oxygen to form hydroperoxide
during UV radiation, which breaks down into various
decomposition products such as aldehydes, as described
above. Therefore, malonaldehyde accumulates as the major
TBA-reactive substance (Cherian et al. 2002; Kanatt et al.
1997).

VBN

Meat deterioration during storage is mainly caused by
microbial contamination during the slaughter process. A
particularly unpleasant smell is produced by amines,
ammonia, H,S, mercaptan, indole, and skatole, which orig-
inate from amino acids. VBN was used to indicate protein
deterioration during storage which indicates freshness of

1.2

e o
® ©
T

TBA value (OD 530nm)
o
w

0.0

0 1 2 3 4 5 6 7 8 9
Storage time (days)

Fig. 4 Changes of TBA values in Hanwoo beef treated for various

times with UV radiation during storage at 4 °C. Dashed filled circles

control, dashed open circles 5 min, dashed filled down pointing

triangles 10 min, dashed open down pointing triangles 15 min,
dashed filled squares 20 min
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Fig. 5 Changes of VBN values in Hanwoo beef treated with UV
radiation for various times during storage at 4 °C. Dashed filled
circles control, dashed open circles 5 min, dashed filled down
pointing triangles 10 min, dashed open down pointing triangles
15 min, dashed filled squares 20 min

meat product (Yook et al. 1998; Yun et al. 2012). The
changes in VBN values in the Hanwoo beef treated after UV
radiation are shown in Fig. 5. The VBN contents were
<5.6 mg/100 g after radiation, which is similar to values
found in a study by Yook et al. (1998). They observed
<6 mg/100 g VBN content at the beginning of the Hanwoo
beef’s storage. VBN content increased rapidly after 6 days of
storage (>20 mg/100 g). In general, a 20 mg/100 g VBN
content is a non-edible status based on Korean Food Law
(Yun et al. 2012). In the present study, non-radiated beef
reached a 24.18 mg/100 g VBN content and 20 min UV-
radiated beef reached 22.41 mg/100 g during 6 days of
storage. No significant differences were observed in the
VBN content among the various UV radiation times
(P < 0.05). Therefore, protein degradation was not affected
by UV radiation.

Sensory changes during storage

Table 3 shows the changes recorded from sensory evalu-
ations of Hanwoo beef treated with UV radiation. Odor did
not significantly change in the non-radiated and UV-radi-
ated beef during 4 days of storage, and then it decreased
significantly until 9 days of storage. The non-radiated beef
showed less tenderness than the radiated beef. These results
are consistent with the shear force results (see Fig. 3). This
might be explained by increased cross linkage with actin
(42 KD MW) and myosin (520 KD MW) after rigor mortis
(Chung et al. 1997; Kim et al. 2014). No significant
changes were observed in the color (P < 0.05). Succulence
was lowest in non-radiated beef after 4 days of storage.
However, succulence increased significantly in non-radi-
ated beef after 4 days of storage. The overall acceptability
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Table 3 Changes in the sensory evaluation (1: good, 4: moderate, 7:
poor) of Hanwoo beef treated with UV radiation for various times
during storage at 4 °C

Storage time (days) UV radiation time (min)

0 5 10 15 20
Odor
0 3.04 324 3.34 3.34 3.44
2 3848 3048 3948 4B 4,08
4 4078 40288 40AB 4B 4.38¢
6 498 4.88 458 4.6° 45
7 5.4¢ 458 468 4.6° 4.5
8 5.4¢ 5.08 498C 48P 45C
9 6.0° 5.7¢ 5.2¢ 5.0P 5.0P
Tenderness
0 2.1P 2.1¢ 2.6° 2.5 24P
2 3.0P 368 2.7° 3.1¢ 3.2¢
4 3.58C 3948 37C 3.88 3.98¢
6 4278 438B 4 4BC 488 428
7 4478 4588 46P 4.8% 448
8 4.6" 4778 47 4.98 5.4
9 5.0% 524 528 5.14 5.8
Color
0 2.1¢ 2.1¢ 2.5° 2.0¢ 2.2¢
2 3.58 3.68 3.3¢ 348 3.68
4 3.98 3.98 4.08 3.68 3.98
6 468 4588 4588 474 4478
7 4788 4788 50AB 474 47"
8 49" 494 5.8 4.84 4.84
9 5.0% 514 534 5.4 494
Succulence
0 2.2¢ 2.1¢ 2.5 2.0° 2.1¢
2 338¢ 318 3.78¢ 358 3.28¢
4 378 40°8 408 3.6% 3.68
6 4.8 448 448 4278 3748
7 49" 44" 448 447 474
8 514 474 4878 4097 4.8
9 534 494 548 4.9% 4.8
Overall acceptability
0 2.3P 2.5¢ 2.6° 2.8¢ 2.6
2 3.8¢ 3.68 3.58 3.68 378
4 428 4078 368 4248 3098
6 448 438 4388 43AB 4B
7 498C 4478 4478 454 4.18
8 544 494 474 474 4478
9 5.6% 49" 4.8 484 474

A Means with the same superscripts in a column are not signifi-
cantly different by Duncan’s multiple range test (P < 0.05)

of non-radiated beef during initial storage was slightly
better than that of UV-radiated beef. However, according
to the increased storage time, the overall acceptability was

better for UV-radiated beef than for non-radiated beef. This
result indicates that the decay of UV-radiated beef was
slower than that of non-radiated beef, and therefore caused
a low preference.
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