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Abstract

The effects of UV-C imradiation on the quality characteristics of powdered foods, sunsik and misutkaru, were
examined during storage, where samples were imradiated at doses of 27, 54, and 108 kJ/m’, respectively. In addi-
tion, sunsik and misutkaru samples were inoculated with Enterobacter sakazakii as a pathogen and then irradiated
at doses of 0.5, 1, and 5 kJ/mz, respectively. After treatment, the sunsik and misutkaru samples were stored at
20°C. The microbiological data represented that populations of total aerobic bacteria, Bacillus cereus, and E. saka-
zakii were significantly (p<0.05) reduced with increasing UV-C doses. In addition, UV-C inmadiation did not cause
inferiority in the color quality of the samples during storage. Sensory evaluation results also indicated that there
were no significant differences (p<0.05) among the imradiated samples. These results suggest that UV-C imradiation
may be useful in maintaining the quality of sunsik and misutkaru during storage.
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INTRODUCTION

Sunsik is a powdered food typically made of unheated
and dried vegetable, nut, and seaweed products, whereas
misutkaru is made of heated and powdered grains, such
as corn and barley, as well as beans and peanuts.
Recently, these ready-to-eat powdered foods have be-
come very popular among consumers, yet there are con-
cerns regarding the microbial safety of these ready-to-eat
foods since they are not reheated (1).

The main bacterial contaminants in sunsik and mis-
utkaru include Bacillus cereus and Enterobacter
sakazakii. B. cereus is a Gram-positive, spore-forming,
and facultative bacterium that can grow over a wide
range of growth conditions and has been found in pow-
dered food products (2). In addition, E. sakazakii is a
Gram-negative, rod-shaped, and motile bacterium that is
considered an emerging foodborne pathogen, resulting
in meningitis, sepsis, and necrotizing enterocolitis (3).

To improve the microbial safety of powdered foods
including sunsik and misutkaru, various processing
methods such as gamma irradiation (4), hot water and
microwave heating (5), infrared heating (6), ethylene ox-
ide fumigation (7), and ozone treatment (8) have been
used to reduce bacterial counts. However, these proc-
esses can change the texture and nutritional components
of foods, and there are also health concerns due to the
presence of harmful chemicals. Consequently, there is
a need for an alternative sanitation method that is effec-
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tive, non-toxic, and easily applicable.

UV-C irradiation has numerous advantages over sev-
eral existing sanitation methods. For example, it does
not require chemicals or heat, and it is not expensive
(9,10). Compared to thermal processing, UV irradiation
causes fewer changes in the nutritional and sensory qual-
ity of foods (11). Thus, UV irradiation technology is
widely used as an alternative to the chemical sterilization
of food products. In particular, a UV-C wavelength of
253.7 nm causes cross-linking between neighboring pyr-
imidine bases in DNA strands, resulting in the blockage
of DNA transcription and replication and eventual cell
death (12-14). UV-C irradiation also has been approved
by the FDA as a means for controlling surface micro-
organisms on food products (15). However, few studies
have been conducted to examine the application of UV-C
irradiation in powdered foods. Therefore, in this study,
UV-C irradiation treatments were applied as a processing
method to examine their effects on microbial inactivation
and sensory quality in sunsik and misutkaru samples dur-
ing storage.

MATERIALS AND METHODS

Materials

The sunsik and misutkaru (manufactured in January,
2009) were purchased from a local market in Daejeon,
Korea.



UV-C Irradiation on the Quality of Sunsik and Misutkaru 227

Bacterial strains and culture preparation

A strain of E. sakazakii (ATCC 51329) was stored
at -70°C in 20% glycerol stock. The E. sakazakii culture
was streaked and grown on E. sakazakii agar (Oxoid,
Basingstoke, Hampshire, UK) at 37°C for 24 hr. A single
colony of E. sakazakii was then inoculated into 50 mL
tubes containing 25 mL of Enterobacteriaceae enrich-
ment broth (Oxoid) and incubated overnight with shak-
ing at 37°C. Next, 2 mL of the overnight E. sakazakii
culture was transferred to 200 mL of fresh medium and
incubated with shaking at 37°C for 24 hr. The bacterial
cell cultures were centrifuged (2,000 X g at 4°C for 15
min) and washed twice with sterile 0.1% peptone water
(Difco Co., Detroit, MI, USA). An inoculation solution
of E. sakazakii was prepared by dilution in peptone water
to obtain a concentration of approximately 6~7 log
CFU/mL, as determined by plate counting on the E. sa-
kazakii agar (Oxoid).

Inoculation

The sunsik and misutkaru samples (10 g) were put
in sterile weighing dishes (14 cm < 14 cm). The surfaces
of the samples were evenly spread using a sterile glass
rod and then 1 mL of the inoculum solution was spotted
onto the surface of each sample.

UV-C imadiation

The UV-C irradiation treatments were performed us-
ing unfiltered germicidal emitting lamps (Sylvania,
G15TS, Phillips, Netherlands) located in a metal cabinet
(Fig. 1). The sunsik and misutkaru samples were placed
on a tray and irradiated with the germicidal emitting
lamps on both their upper and lower surfaces at a dis-
tance of 18 cm. Eight germicidal emitting lamps were
placed on both sides. In order to accomplish reproducible
results, the UV lamps were warmed-up for 30 min before
UV-C irradiation. The UV-C intensity was determined
using a UV radio meter (UV-340, Lutron Electronic Ent.
Co., Ltd., Taipei, Taiwan) calibrated at 254 nm, and the
UV-C irradiation dose was changed by altering the ex-
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Fig. 1. Metal cabinet for UV-C irradiation.
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posure time (dose rate; 15 W/m®). The sunsik and mis-
utkaru samples were then exposed to 3 different dose
levels: 27, 54, and 108 kJ/m”. The irradiation times for
the UV-C doses of 27, 54, and 108 kJ/m® were 30, 60,
and 120 min. After the sunsik and misutkaru samples
were spread using a sterile glass rod, the UV-C irradi-
ation treatments were performed in a dark room to mini-
mize photoreactivation of the pathogenic bacteria.
Following treatment, the samples were individually
packed using low density polyethylene (LDPE) bags and
stored at 20+ 1°C for 4 weeks. The sunsik and misutkaru
samples inoculated with E. sakazakii were exposed to
4 different dose levels: 0.25, 0.5, 1, and 5 kJ/m? (dose
rate; 15 W/m®). After irradiation, the samples were in-
dividually packed using LDPE bags and stored at
20+ 1°C for 8 days.

Microbiological analysis

The samples (10 g) were placed in sterile stomacher
bags containing 90 mL of peptone water (0.1% sterile
peptone, w/v). They were then homogenized using a
Stomacher (MIX 2, AES Laboratoire, France) for 3 min,
filtered through a sterile cheese cloth, and diluted with
peptone water for microbial counts. Serial dilutions were
performed in triplicate. Total aerobic bacterial counts
were determined by plating the diluted samples onto
plate count agar (PCA, Difco Co.) and incubating the
plates at 37°C for 72 hr. B. cereus counts were de-
termined by plating the diluted samples onto mannitol
egg yolk polymyxin (MYP, Oxoid) and incubating the
plates at 30°C for 24 hr. The E. sakazakii counts were
determined by plating the diluted samples on E. sakaza-
kii agar (Oxoid) and incubating the plates at 37°C for
24 hr. Each microbial count was the mean of three deter-
minations, and was expressed as log CFU/g.

Color measurements

The color characteristics of the UV-C irradiated sam-
ples (not inoculated with E. sakazakii) were analyzed
using a colorimeter (CR-300 Minolta Chroma Meter,
Minolta Camera Co., Osaka, Japan). The samples were
placed on a white standard plate and Hunter values (L,
a, b) were measured. The Hunter L, a, and b values for
the standard plate were [=98.34, a=-0.03, b=1.62,
respectively. Three measurements were taken at different
locations for each sample.

Sensory evaluation

The UV-C irradiated samples (not inoculated with E.
sakazakii) were analyzed for their freshness, decay, odor,
and overall acceptability by 10 trained panelists (3 men;
7 women; age range, 23 to 29). Color changes and mi-
crobial decay during storage were assessed visually in
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the UV-C irradiated samples and were compared to
non-irradiated samples. The sensory qualities of the sam-
ples were evaluated using the following 9-point scoring
method: 9~8, very good; 7~6, good; 5~4, fair; 3~2,
poor; 1, very poor.

Statistical analysis

To analyze the results, analysis of variance and
Duncan’s multiple range tests were performed using the
SAS program (16). Significance was set at the level of
p<0.05.

RESULTS AND DISCUSSION

Microbiological changes during storage

From the results, the population of total aerobic bac-
teria in the sunsik samples was 2.94 log CFU/g, while
the population of B. cereus was below the detection limit
(2 CFU/g) (Table 1). In contrast, for the misutkaru, these
levels were 5.75 and 4.96 log CFU/g, respectively, in-
dicating that the misutkaru was contaminated with more
bacteria than the sunsik. Lee et al. (1) reported that sun-
sik was contaminated with 2~5 log CFU/g of total aero-
bic bacteria and 3 log CFU/g of B. cereus. Cho et al.
(2) also reported that B. cereus was isolated from 57
out of 161 sunmsik samples. However, in the present
study, B. cereus was not detected in the sunsik samples.
This difference could be attributed to the characteristics
of the different samples. Along with these reports, our
results suggest that sunsik and misutkaru need microbial
decontamination treatments.

For the sunsik, UV-C irradiation decreased the pop-
ulation of total aerobic bacteria (Table 1). In the sample
irradiated at 27 kJ/m’, the population of total aerobic
bacteria was reduced to 2.36 log CFU/g, compared to
2.94 log CFU/g for the non-irradiated sample (Table 1).
In particular, at irradiation doses of 54 and 108 kJ/mz,
total aerobic bacteria were not detected in the samples.

Table 1. Effects of UV-C irradiation on microbial populations in sunsik during storage

In addition, during storage of the sunsik, the population
of total aerobic bacteria did not change significantly
(p<0.05), maintaining the microbial reduction effect of
the UV-C. Finally, B. cereus was not detected in any
of the sunsik samples (Table 1).

For the misutkaru, populations of total aerobic bacteria
and B. cereus were reduced to 4.82 and 4.06 log CFU/g
with irradiation at 108 kJ/m’, respectively, indicating
that the 108 kJ/m” UV-C treatment level decreased the
populations of total aerobic bacteria and B. cereus by
about 1 log cycle (Table 2). During storage of the mis-
utkaru, the population of total aerobic bacteria did not
change significantly (p<0.05), while the populations of
B. cereus in the non-irradiated and irradiated samples
increased. After 8 weeks of storage, populations of B.
cereus in the non-irradiated samples increased to 5.33
log CFU/g, while those in the samples irradiated at 108
kJ/m’® reached 4.30 log CFU/g, indicating a slight differ-
ence in microbial reduction during storage. Kim et al.
(4) reported that the population of Bacillus spp. in saeng-
sik was reduced by about 5 log CFU/g after gamma irra-
diation at 10 kGy. Ko et al. (17) also reported on the
effects of electron beam irradiation on sliced dried squid
at the dose of 8 kGy, which resulted in 2~3 log cycle
reductions in yeasts and molds. Thus, compared to gam-
ma or electron beam irradiation, the UV-C irradiation
used in this study was less effective for microbial in-
activation, yet gamma or electron beam irradiation may
have problems such as changes in texture and nutritional
components as well as poor consumer acceptance.
Therefore, when selecting a non-thermal treatment meth-
od for microbial decontamination, one should carefully
examine the method according to the purpose of process-
ing and the characteristics of the sample, such as the
level of microbial contamination. In addition, it should
be noted that UV-C irradiation has greater difficulty in
terms of penetration power compared to gamma or elec-

(log CFU/g)

Irradiation dose

Storage period (week)

Microorganism (J /mz) 0 1 5 3 n
0 2.94% 2.95 2.98" 2.82% 2.85M
Total aerobic 27 2.365 2.37% 2395 2.28% 2.25%
bacteria 54 ND ND ND ND ND
108 ND ND ND ND ND

0 ND ND ND ND ND

B cor 27 ND ND ND ND ND

- cereus 54 ND ND ND ND ND
108 ND ND ND ND ND

A’BAny means in the same column followed by different letters are significantly (p<0.05) different by Duncan's multiple range test.
a’bAny means in the same row followed by different letters are significantly (p<<0.05) different by Duncan's multiple range test.

ND: Not detected within detection limit.
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Table 2. Effects of UV-C irradiation on microbial populations in misutkaru during storage

(log CFU/g)

Irradiation dose

Storage period (week)

Microorganism (kJ. /mz) 0 1 ) 3 2
0 5.75% 5.72% 5.70"® 5.63"¢ 565"
Total aerobic 27 5315 5.24% 5.24% 527480 5.29%
bacteria 54 4.99“ 5.07°¢ 5.045¢ 5.128¢ 5.05%
108 4.82" 4.86% 4.83“ 475 4.72%
0 4.96; 5.07;*)’ 5’122';, 5.372a 5.332;
B coreus 27 4.52% 4.56"" 4.69°> 5.08B: 4.9sBC:
54 424 436 453 4.63 4.69
108 4.06% 4.15% 4255 420 430

AP Any means in the same column followed by different letters are significantly (p<0.05) different by Duncan's multiple range test.
a'dAny means in the same row followed by different letters are significantly (p<<0.05) different by Duncan's multiple range test.

tron beam irradiation.

Choi et al. (3) reported that E. sakazakii was isolated
from 8 out of 23 samples of sunsik. Therefore, we chose
to perform a UV-C irradiation study using sunsik and
misutkaru inoculated with E. sakazakii. Here, UV-C de-
creased the population of E. sakazakii with increasing
radiation doses (Fig. 2). The population of E. sakazakii
in the sunsik treated at 5 kJ/m” was reduced to 5.45 log
CFU/g, indicating that UV-C at the level of 5 kJ/m” de-
creased E. sakazakii by 0.88 log CFU/g, compared to
6.33 log CFU/g for the non-irradiated sample. During
storage, the population of E. sakazakii for the non-irradi-
ated sample decreased to 5.88 log CFU/g after 8 days,
while in the sample irradiated at 5 kJ/m’ the population
reached 4.88 log CFU/g. These differences can be ex-
plained by the growth characteristics of E. sakazakii with
regard to the availability of nutrients and water activity
during storage.

A similar result was obtained for the misutkaru in-
oculated with E. sakazakii (Fig. 3). The population of

6.6

6.4

6.2

6.0

58

56

54

8/ndD 801
o
N

o
o
T

>
o
T

»
o

Storage period (day)

Fig. 2. Effects of UV-C irradiation on the survival of E. saka-
zakii inoculated on sunsik. : 0 kJ/mz, A: 025 kJ/mz, m: 0.5
kJ/m’, o: 1 kI/m%, ~: 5 kI/m’

E. sakazakii in the misutkaru treated at 5 kJ/m” was re-
duced to 5.70 log CFU/g, indicating a decrease in the
population of E. sakazakii by a 1.23 log cycle compared
to the non-irradiated sample. In addition, during storage,
the population of E. sakazakii for the non-irradiated sam-
ple decreased to 6.50 log CFU/g after 8 days, while it
reached 5.31 log CFU/ in the sample irradiated at 5
kJ/m’, indicating that the initial microbial inactivation
resulting from UV-C treatment was maintained. Lyon
et al. (18) reported an approximate 2 log reduction in
viable L. monocytogenes for broiler breast fillets treated
with UV. Also, Kim et al. (19) reported that populations
of total aerobic bacteria, yeast, and mold in imported
dried fish decreased by 0.8~1.2 log CFU/g after UV-C
treatment at 20 kJ/m”. Yaun et al. (20) also demonstrated
that UV-C treatment at 24 mW/cm’ reduced E. coli
0157:H7 on the surfaces of apples, lettuce, and tomatoes
by 3.3 log CFU/g. These reports are comparable to our
results.

The differences in microbial inactivation between the
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Fig. 3. Effects of UV-C irradiation on the survival of E. saka-
zakii inoculated on misutkaru. e: 0 kJ/mz, A: 0.25 kJ/mz, [ R
0.5 kJ/m’, o: 1 ki/m’, 2: 5 kJ/m’
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sunsik and misutkaru samples can be attributed to varia-
tion in their physical properties, solid content, initial
populations of microorganisms, and surface topography.
In particular, UV-C irradiation is a surface sterilization
method, and the different compositions and surface top-
ographies of foods may play an important role in the
efficiency of UV-C irradiation in reducing microbial
contamination (14,21,22).

Overall, our results suggest that UV-C irradiation can
inactivate populations of total aerobic bacteria and E.
sakazakii in sunsik and misutkaru, enhancing their mi-
crobial safety.

Color changes during storage
Color change during storage is one of the most im-
portant factors in determining the quality of sunsik and

misutkaru. The Hunter L, a, and b values of the UV-C
irradiated sunsik samples are shown in Table 3. After
UV-C irradiation, Hunter L and b values were similar
among the treatments, while there were slight differences
in Hunter a values among the treatments. For the mis-
utkaru, Hunter b values were similar among the treat-
ments, while there were slight differences in Hunter L
and a values (Table 4). In particular, the Hunter a values
of the irradiated sunsik and misutkaru samples were
higher than those of the non-irradiated samples. Kim et
al. (19) reported that UV-C irradiation did not affect the
color of imported dried fish, which is comparable to our
results. On the other hand, Fonseca and Rushing (23)
reported that red color fading occurred in UV-C irradi-
ated watermelon cubes, resulting in a higher L value

Table 3. Changes in Hunter color values of UV-C irradiated sunsik during storage

Color"  Irradiation dose Storage period (week)
parameter (kJ/m’) 0 1 2 3 4
0 74.88+0.45° 75.12+0.94"  75.06+0.99*° 76.66+0.99"* 76.73+0.25
L 27 747240517 74302038 75.03+£038% 749840167 76.65+0.12"
54 74.44+0.19% 72.3440.06 74.16+0.80"%  75.16+0.18 77.79+0.09"*
108 74.37+1.00*° 72.85+0.95%  72.79+0.83"% 74194026  77.10+0.24%
0 -2.54+0.06 2.10+0.04% -1.40+0.18™  -1.77+0.04° -1.68+0.09°
. 27 -2.41 io.12§§° -2.08 i0.06§b -1.43+ 0.042*1‘3 -1.42 i0.0Ziz -1.5010.03§Z
54 2.31+0.06 -1.74+0.03" -1.21+0.03%  -1.42+0.06 -1.48+0.01
108 -2.08 £0.03" -1.47+0.04"  -1.01+037* -1.01 +£0.06™ -0.98 +0.03
0 24.49+0.16™ 23.324+0.54"  23.54+0.63*° 23.34+0.44"" 22.79+0.25"°
b 27 242040797 232440627 2254403977 231540077 22.66+0.257
54 23394025 2356+0.17**  21.80+0.66 23.34+021" 21.74+0.20
108 23.02+0.86"% 22.83+0.32%  21.33+0.79% 23.48+0.06™ 22.2340.45"8

L, degree of whiteness (0 black~100 white); a, degree of redness (-80 greenness~ 100 redness); b, degree of yellowness

A(C-SO blue~70 yellowness).

““Any means in the same column followed by different letters are significantly (p<0.05) different by Duncan's multiple range test.
a'dAny means in the same row followed by different letters are significantly (p<0.05) different by Duncan's multiple range test.

Table 4. Changes in Hunter color values of UV-C irradiated misutkaru during storage

Color" Irradiation dose Storage period (week)
parameter (kJ/m’) 0 1 2 3 4

0 77.34+0.26"° 77.58+0.03"" 77.63+0.38""  77.89+0.49*" 79.15+0.49*

L 27 76.25+0.20°°  77.42+0.32"° 76.93+0.51%°  77.80+0.83*° 79.68+0.19*
54 76.58+0.23%  76.12+0.11°° 76.294+0.17%°  77.10+£0.71*%®  77.9440.69"

108 75.87+0.22° 76.61+0.29% 76.30+0.28%  76.19+0.25™ 76.59+0.71<

0 2.39+0.08" 231+0.10%° 2.46+0.08%° 2.48+0.17% 2.76+£0.04™

. 27 2.55 io.osibb 2.44i0.022b; 229+ o.o9i; 2.48+0.1 12’3 . 2740, 122a
54 2.61+0.08% 2.63+0.09™ 2.43+0.05 2.61+0.09* 2.68+0.23

108 2.90+0.05™ 2.62+0.04 2.51+0.07* 2.80+0.15%® 2.96+0.13*

0 20.58+0.37" 20.09+0.09° 20.80+0.05"*  19.93+0.10*° 19.98+0.09"°

b 27 20.59i0.13ia 20.28 io.zoif: 20.34+ 0.30[‘?]‘3 19.68 to.ssiz 19.31 iO.ZOEb
54 20.85+0.25" 20.52+0.22"%  20.49+0.27*%  20.06+0.11 19.48 +0.26™

108 20.74+0.07" 20.61+0.08" 20.68+0.20"  20.05+0.50*" 19.50+0.37%

UL, degree of whiteness (0 black~ 100 white); a, degree of redness (-80 greenness~ 100 redness); b, degree of yellowness

A(C-80 blue~70 yellowness).

““Any means in the same column followed by different letters are significantly (p<<0.05) different by Duncan's multiple range test.
a'dAny means in the same row followed by different letters are significantly (p<<0.05) different by Duncan's multiple range test.
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and lower a and b values compared to the control.
These differences could be attributed to differences in
food composition such as moisture, fiber, crude protein,
and lipid.

Sensory evaluation during storage

The sensory evaluation results during storage of the
sunsik and misutkaru samples are shown in Tables 5 and
6, respectively. Sensory qualities such as freshness, de-
cay, and odor were examined among the treatments.
During 4 weeks of storage there were no significant
(p<0.05) differences among the treatments. In particular,

after 4 weeks, the sensory scores were higher than 8.4,
indicating there were no significant (p<0.05) differences
among the treatments. Allende et al. (14) also reported
no significant differences in sensory quality among
UV-C irradiated and non-irradiated lettuce samples. Our
results are comparable to their results.

In summary, this study clearly indicates that UV-C
irradiation can decrease populations of microorganisms
in sunsik and misutkaru samples during storage, and
therefore can improve the microbial safety of these
products. In addition, UV-C treatment appears to be ef-

Table 5. Sensory evaluations of UV-C irradiated sunsik during storage

Organoleptic ~ Irradiation dose Storage period (week)
parameter (kJ/mz) 0 1 2 3 4

0 9.00+0.00™ 9.00+0.00™ 8.90+0.32* 8.70+0.48"™  8.40+0.52*"

Freshness 27 9.00 i0.00Zi 9.00+ 0.00:: 8.90+ 0.32:: 8.70i0.48:'; 8.50+ 0.53:2
54 9.00 +0.00™ 9.00+0.00 8.90+0.32 8.80+0.42 8.50+0.53

108 9.00+0.00™ 9.00+0.00™ 8.90+0.32* 8.80+0.42%"  850+0.53*°

0 9.00+0.00™ 9.00+0.00™ 8.90+0.32™ 8.80+0.42" 8.70+0.48"

Decay 27 9.00:£0.00%  9.00+0.00%  9.00£0.00%  890+032%  8.80+0.42™

54 9.00 +0.00™* 9.00 +0.00™ 9.00+0.00™* 8.90+0.32"¢ 8.80+0.42"%

108 9.00+0.00™ 9.00+0.00™ 9.00+0.00 8.90+0.32" 8.80+0.42"

0 9.00 +0.00™ 9.00 +0.00™ 8.80+0.42°"  870+048 8504053

Odor 27 9.00+ o.ooi: 9.00 + o.ooi: 8.90+ 0.322‘ 8.80+ 0.422:‘; 8.50+ 0.531’:*;
54 9.00+0.00 9.00+0.00 8.90+0.32 8.80+0.42 8.50+0.53

108 9.00 +0.00™ 9.00 +0.00™ 8.90+0.32"° 8.80+0.42%"  8.50+0.53*"

0 9.00+0.00™ 9.00 +0.00™ 8.90+0.32"° 8.80+0.42"° 8.40+0.52"°

Overall 27 9.00 i0.00i: 9.00+ o.ooi: 8.90+ 0.3223 8.80i0.42izz 8.50+ o.53iz
54 9.00+0.00 9.00+0.00 8.90+0.32" 8.80+0.42 8.50+0.53

108 9.00+0.00"* 9.00+0.00" 8.90+0.32* 8.80+0.42°"%  850+0.53"°

*Any means in the same column followed by different letters are significantly (p<0.05) different by Duncan's multiple range test.
*®Any means in the same row followed by different letters are significantly (p<0.05) different by Duncan's multiple range test.

Table 6. Sensory evaluations of UV-C irradiated misutkaru during storage

Organoleptic  Irradiation dose Storage period (week)
parameter (kJ/mz) 0 1 2 3 4

0 9.00+0.00™  9.00+0.00™*  8.90+0.32* 8.80+0.42" 8.40+0.52"°

Freshness 27 9.00 io.ooiz 9.00i0.00/’:: 8.90i0.3222 8.80i0.42:: 8.50 + 0.53/’;‘:
54 9.00+0.00 9.00+0.00 8.90+0.32 8.80+0.42 8.50+0.53

108 9.00+0.00  9.00+0.00"  8.90+0.32" 8.80+0.42"® 8.50+0.53""

0 9.00+0.00™  9.00+0.00™*  8.90+0.32* 8.80+0.42" 8.80+0.42%

Decay 27 9.00 io.ooiz 9.00i0.00i: 8.90i0.32: 8.90i0.32/’: 8.80+ 0.42?:
54 9.00+0.00 9.00+0.00 8.90+0.32 8.90+0.32 8.80+0.42

108 9.00+0.00™  9.00+0.00"  8.90+0.32" 8.90+0.32" 8.80+0.42™

0 9.00+0.00*  9.00+0.00"  8.80+0.42"® 8.70 +0.48"™ 8.50+0.53""

Odor 27 9.00 to.ooz‘ 9.00i0.00:‘ 8.90i0.3zij 8.80¢0.42:Z 8.50+ 0.53’/:3
54 9.00+0.00 9.00+0.00 8.90 +0.32" 8.80+0.42 8.50+0.53

108 9.00+0.00*  9.00+0.00%"  8.80+0.42"" 8.70 +0.48"™ 8.50+0.53"°

0 9.00+0.00™  9.00+0.00™*  8.90+0.32* 8.80+0.42"® 8.50+0.53""

Overall 27 9.00 to.ooi: 9.00i0.00: 8.90i0‘3222 8.80 t0,42i:z 8.50 + 0.532‘;
54 9.00+0.00 9.00+0.00 8.90+0.32 8.80+0.42 8.50+0.53

108 9.00+0.00™  9.00+0.00™*  8.90+0.32* 8.80+0.42"® 8.50+0.53""

*Any means in the same column followed by different letters are significantly (p<0.05) different by Duncan's multiple range test.
a’bAny means in the same row followed by different letters are significantly (p<0.05) different by Duncan's multiple range test.
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fective in maintaining the quality of sumsik and mis-
utkaru during storage.
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