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Technology development for Freshness-maintenance and processing of
high quality frozen food by the high voltage electrostatic induction method
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SUMMARY
(FE o)

I. Title

Technology development for Freshness—maintenance and processing of high quality frozen

food by the high voltage electrostatic induction method

II. Purpose and the need of the study

This study aims to prevent quality degradation such as tissue destruction, product weight
loss, and nutrients loss in freeze and refrigeration environments, which are long—term
distribution measures of fresh agricultural and livestock products in Korea and develop and
spread rapid freeze and thaw as well as freshness maintenance and storage processing
technologies thereby contributing to establishment of advanced product management

technology after harvesting and energy saving.

IM. Contents and scope of the research and development

1) Development of component technology in relation to freeze and refrigeration systems
using electrostatic induction energy method
o Pilot systems development and test operation per system
o Application test on rapid freeze and minus temperature thaw and freshness
maintenance storage systems
0 Analysis on indoor temperature distribution and air flow field for performance
evaluation of the system

2) Performance evaluation of the prototype and quality evaluation per processing condition
of agricultural and lLivestock products
O Quality evaluation on tissues and ice crystal according to the rapid freeze processing
condition
0 Quality evaluation on nutritional loss and drip due to minus temperature thaw
O Quality evaluation on oxidation prevention and spoilage according to freshness

maintenance storage conditions
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3) Field empirical test for practical application of the developed system
o Evaluation of economic feasibility
0 Development of standard design drawings

o Performance verification and optimum operation condition setup

IV. Result of research and development

1. Setup of the design condition of the refrigeration unit and pilot systems

development and test operation per system

A. Development of electrostatic field induction energy generator and circuit devices that

can induce energy generation reliably

o We have reviewed electrostatic field induction device design method using alternating
(AC) and direct (DC) voltages for induction energy circuit device development as well as
AC (0~1,500V) and DC (-900~0V) switched controller design and AC/DC transducer
voltage regulation circuit diagrams and analyzed by setting up variable voltage regulating
transformers, step—up transformers, current limiting resistors, voltage controlled variable
resistance, AC/DC transducers, heat exchangers, air blowing fans, stainless steel vessels,

and insulation support.

o As a measure to enhance frozen properties, input and output voltage control, voltage
and frequency stability of the controller in the generator were reviewed to design the
electromagnetic field energy generator that can be applied to the refrigeration unit and
conditions of the generator were set to generate up to 3,500G and allow input terminal

control so that the specification can be sufficient for the experimental use.

o As a measure to enhance frozen properties, output control (10W~250W), 220V, and
40kHz can be adjusted as the condition of the oscillator in order to design the ultrasonic
energy generator that can be applied to the refrigeration unit and a lumped type element
with 40kHz vibration, transducer, and output connector were applied to the vibration unit

so that the specification can be sufficient for the experimental use.

2. Selection of insulation materials of container and vessel and calculation of load

capacity

_12_



0 The insulation characteristics by insulation material type that can be used in
refrigeration and low temperature containers and vessels were studied and reviewed and
utilizing the result, minimum required specification of insulation materials that are
appropriate for freeze and refrigeration systems were set as urethane foam type, 35 kg/m3
and more, and 0.02 kcal/m-C-hr and less. In addition, infiltration calories through walls,
cooling calories, freeze required calories for objects to be freeze, heat of respiration, and
freeze load of package materials were set as manufacturing factors of the freeze device iIn
consideration of the calculation equation of load capacity to manufacture of the freeze
device. Accordingly, temperature range (0~-207C), temperature deviation (£0.5C), effective

area (590x450x600 :LxWxH mm), material SUS, and refrigerant R503 were configured.

3. Comparison on freeze quality of the tested specimens to apply the refrigeration

unit

0 The experimental unit through conception and review on the refrigeration unit to
measure heat properties according to freeze rate per freeze device consists of attachable
electrostatic field energy generator, electromagnetic field energy generator, and ultrasound
energy generator, which were used as experimental components. In order to secure data of
the prototype components and application plans for the refrigeration unit by studying the
frozen characteristic by refrigeration unit, heat properties according to freeze rate per
refrigeration unit were measured and the result showed that an electrostatic field
energy-applied refrigeration unit experienced supercooling—-cooling up to -89C and its
maximum maintaining time was 10,170 sec and freeze pressure wasreduced up to 45% and
thaw pressure was reduced up to 27% (approximately 1.8 psig). An electromagnetic field
energy—applied refrigeration unit had varied results according to location and strength. Its
maintaining period of ice crystal temperature zone was increased but under the 3,200G
electromagnetic energy generation condition, specimens were not freeze below the ice
crystal zone. The changes in frozen characteristics according to changes in output in
ultrasound energy-applied refrigeration unit were studied and the result showed that under
the 10W output condition, specimen temperature did not go down below the freezing point

while showing a temperature increase effect.

0 Analysis of comparison between refrigeration units with different application was

conducted with meat type (Category I), vegetable type (Category II), and fruit type
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(Category I) for the application test of the refrigeration unit for target specimens. Frozen
curves, frozen pressures, thaw curve, thaw pressure, and drip loss of pork, carrot, onion,
and apple were compared. A refrigerating internal pressure of the specimens in the freezer
utilizing electrostatic field energy was reduced by 29~25% while afreeze rate was
increased by 0~6.1% and drip loss was reduced by 14~73% compared to those of control
group. However, there were difference in quality enhancement effects depending on
temperature and specimen and the specimen did not experience supercooling unlike distilled

water.

4, Analysis on indoor temperature distribution and air flow field for performance

evaluation of the system

0 We aimed to conduct system modeling through transformation of the governing
equations and numerical simulations according to changes in system structures and thermal
conditions using numerical analysis to perform temperature distribution and flow rate
analysis. We aimed to review transfer equation of heat flux through walls and measure
temperature distribution of the freezer followed by analyzing the temperature distribution
and flow rate to measure and analyze aspects of changes with respect to temperature flow
in the refrigerator. The temperature distribution and fluid flow showed that heat loss
occurred the most in the lower area rather than the upper area. The cooling characteristics
due to convection phenomenon were analyzed by introducing numerical analysis conditions
to perform numerical analysis and temperature distribution according to changes in thermal
conditions between specimens and cooling temperature in the refrigerator thereby
conducting heat flow analysis. The analysis result showed that heat flow was more stable
in the lower area than the upper area of the freezer compartment and changes in cooling

temperature and temperature distribution were measured using thermal imaging cameras.

5. Setup of the high-voltage electrostatic induction freezer system, creation of the

standard design drawings, and prototype manufacturing

o0 We aimed to conduct detailed design of the prototype and create the standard drawings.
The system consists of circuit devices, AC/DC transducer, voltage control circuit diagrams,
and electric circuit diagrams for freezers. The circuit device was designed as AC (0~
7,000V) convertible controller. The system consists of the following main devices -

induced voltage adjustment variable transformer, step-up transformer, current limiting
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resistor, electrode generating an electric field induced into the freezer,device connecting the

freezer inside, and electrically cut off safety device.

o To manufacture the experimental system for the prototype, a commercial high-voltage
induced freeze system was attached and modified. A freezer that has a range of the high
voltage between 0~7,000V, a temperature range between 0T ~-20C, and a temperature

deviation between 0.5C was designed and manufactured as a prototype.

6. Analysis on quality characteristics of high-voltage electrostatic induction

device-applied freezer

0 We aimed to compare qualities according to freezing method of basic material and
target specimens. A freezing method was divided into high-voltage electrostatic induction
method applied freezer (7,000V) and general freezer. The basic material was water and
potato, beef, and apple were used as specimens. The freezing processing temperature was
- C. The cell damage was determined via conductivity, TDS, ion leakage, and BIA
analysis while histological analysis was done by H&E dyeing method and SEM analysis.
The high-voltage electrostatic induction method applied freezer reduced conductivity of
potato, beef, and apply by 25%, 3092, and 32% while TDS was reduced by 23% in potato,
10% in beef, and 23% in apple compared to those in general freezer. In addition, ion
leakage was reduced by 5~129% in potato, 3% in beef, and 18~20% in apple while BIA
analysis showed that resistance value increased in frozen samples of potato, beef, and port
in which electrostatic induction method was applied, indicating reduction incell damage.
The histological analysis also showed a similar results with that of cell damage, which
indicated clear reduction in thickness of cell outer wall due to ice crystal creation in
electrostatic induction method—applied frozen samples in the H&Edyeing analysis and a cell
type was observed to be more closer to that of raw samples. The SEM analysis also
showed that electrostatic induction method applied frozen samples of potato, beef, and cod

samples had relatively regular micro—structures.

0 To measure changes 1in quality according to cooling processing condition and
temperature, quality characteristics were compared according to freeze temperature of -2
0C and -10TC and changes in electrostatic induction energy generation voltage (0V, 3,000V,
and 7,000V) in the High voltage electric field-applied freezer. A drip amount was reduced
by up to 36.25% in cod sample, up to 45.02% in beef, and up to 29.09% in potato while
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VBN was reduced by up to 81% in cod sample and up to 209 in beef. A drip amount
was reduced more as strength of electrostatic field became stronger during freeze of
samples when electrostatic induction system was applied whereas vitamin C contents were

increased.

7. Analysis on the effect of minus temperature thaw

0 To analysis the effect of the minus temperature thaw, a High voltage electric
field—applied thaw device was applied with respect to the thaw condition. The mean
temperature of thaw was set at - 1.5C. To assess the High voltage electric field-applied
minus temperature thaw effect, a freeze condition of samples was set at —-20C general
freeze while thaw condition was set at electrostatic induction—-applied defroster (-1.5C) and
general defroster (-1.5TC), 2C, and 25T respectively. A drip rate showed that potato
samples had a reduction effect by 41.38% compared to 25°C thaw condition, 37.49%
compared to 2C, and 27.39% compared to -1.5C general defroster. A drip rate showed that
beef samples also had a reduction effect by 57.41% compared to 25C thaw condition,
47.33% compared to 2C, and 17.59% compared to -1.5C. Cherry tomato samples also had
a reduction effect by 80.24% compared to 25C, 6891% compared to 2C, and 42.15%
compared to -1.5TC.

o To observe changes while general thaw of High voltage electric field-applied frozen
samples, potato samples were selected to be measured. The total phenolic content increased
by 5.6%, antioxidant activity increased by 2.8%, browning degree decreased by 36.5%, and
surface color showed that the maximum AL value decreased by 57% while AE value
decreased by 41% compared to general frozen samples. In addition, experiments were
conducted that freeze condition was divided into electrostatic induction method applied
freeze (7,000V, -20C) and -20C general freeze while thaw condition was divided into
electrostatic induction applied defroster (-1.5C) and general defroster (-1.5C, 2C, and 1
0C) to compare qualities of frozen samples with respect to high-voltage electrostatic field
induction energy-applied freeze and thaw method systems. The experiment results showed
that a drip rate reduction effect was found in high-voltage electrostatic field processed
frozen samples under -10C thaw. For example, potato samples had 39% and beef samples
had 35% reduction effect Under the electrostatic field -1.5C thaw, high-voltage
electrostatic field processed freeze system showed that potato and beef samples had a drip

rate reduction by 40.9% and 23%. The total bacterial count showed that microbial growth
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was Inhibited during thaw of electrostatic field freeze and thaw samples and temperature

distribution measurement also showed increase in a frost rate.

8. Test of quality comparison with the current freeze condition

o To make a comparison according to storage temperature and methods, High wvoltage
electric field was applied to potatoes, beef, and cod and the effect was analyzed during a
short period of storage within two months. The electrostatic induction energy applied freeze
condition was - C and -10C under the high voltage 7,000V condition while the general
freezer condition was -20C and -10C to make a comparison. A storage temperature after
freeze was -20C and -40C and changes in a drip rate, TBA, VBN, Vit C, pH,
microorganisms, and surface color were observed for two months. The experiment result
showed that cod samples to which High voltage electric field was applied had a reduction
in drip rate by 15.0~275%, TBA by 7.0~47.8%, andVBN by 32.63~47.9% while beef
samples had a reduction in drip rate by 55~22.13%, TBA by 83~23.07%, and VBN by
7.15~26.34%. In the case of potato, a drip rate was decreased by 7.15~26.34% and Vit C
content was increased by 0~23.4%. On the other hand, there were no difference between

samples in pH, microorganism contents, and chromaticity.

9. Evaluation of freeze and thaw quality according to the application of the unit

system

o0 Qualities of beef and potato by differentiating freeze and thaw conditions were assessed.
The processing conditions were: general freeze followed by general thawing (GF-GT),
electric field freeze followed by general thawing (EF-GT), general freeze followed by
electric field thawing (GF-ET), and electric field freeze followed by electric field thawing
(EF-ET). The analysis was done by freezing for 24 hours followed by thawing for 15
hours. There was no difference in pH between samples in treatment group. For example,
pH of beef was in a range of 5497555 and pH of potato was 6.04-6.11. A drip rate
tended to increase during thawing and GF-ET and EF-ET treatment groups, to which
electrostatic field thawing was applied, were lower than others. The surface color result of
potato showed that AE of GF-GT treatment group was the lowest as 27.15, which had a
large difference with that of EF-ET (16.82). TBA values and VBN values of beef in the

thawing treatment group in the electric field were low.
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10. Changes in quality according to energy strength of electrostatic induction

energy

o To measure changes in quality according to energy strength of electrostatic induction
energy, potato samples were used and a freeze processing condition was set to 0, 1,500,
3,000, 5,000 and 7,000V thereby comparing qualities of samples between general and
electrostatic field refrigerators after thawing. The first ice crystal forming temperature
during freezing of control group was -5.8TC and after electrostatic field processed, it
became -64 ~ -6.0T, verifying that freezing temperature was decreased while thawing
curve showed that electrostatic thawing took longer than general thawing. A drip rate
using an electrostatic thawing method was lower than that of a general thawing method
regardless of freeze method and it was 7.22% under 3,000V and 5,000V freeze processing

condition, which was reduced by about 28% compared to that of general thawing method.

11. Changes in qualities according to freeze conditions to set up the optimum

system condition

o To study changes in qualities of beef according to freeze processing condition, a freeze
effect according to energy strength for freeze processing was measured. The energy
strength varied within a range of 0, 3,000V and 7,000V to evaluate qualities of stored beef.
The experiment result showed that there was no significant change in pH between samples
while showing a tendency of increase during the storage period. A drip rate was iIn a
level of 2.93~3.56% immediately after freeze processing and continued to increase during
storage period, resulting in 7.23% in control group and 5.05% in 7000V treatment group
after 6 months of storage. The water contents had no difference between treatment groups
by storage period while the water holding capacity tended to decrease during the storage
period. The water holding capacity shown by the treatment group showed that control
group had a level of 53.32% after 6 months storage whereas 7,000V treatment group had a
level of 63.26%, showing that electrostatic treatment group had higher water holding
capacity. The contents of VBN and TBN tended to increase as the storage period
increased and the contents of VBN and TBA in control group showed higher increase than
those of treatment group. The ice crystal size of treatment group showed that initial
control group had 50.61pm and treatment group had 47.15~47.38 pm. After six month of
storage, treatment group increased the ice crystal size by 1.6~1.8 times than the initial one

whereas control group increased it by more than two times. The surface color did not
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have a significant difference between treatment groups. During the storage period, the

following tendency was shown that a value decreased whereas b value increased.

o To study changes in qualities of potato according to freeze processing condition, a
freeze effect according to energy strength for freeze processing was measured. The energy
strength varied within a range of 0, 3,000V and 7,000V to evaluate qualities of stored
potato. In addition, a browning suppression effect due to heat treatment was also observed
at the same time. The experiment result showed that there was no significant change in
pH between samples while showing a tendency of decrease during the storage period. The
drip rate measurement result showed that immediately after the freeze processing, it was
within a range of 6.66 ~ 13.16% and that of heat-treated group had a higher level than
that of non-heat-treated group. A browning degree was in a rangeof 0.034~0.072 and
heat—treated group had a lower tendency of browning degree regardless of freeze energy
strength. A browning degree increased during the storage period and control group with
respect to non—heat treatment increased a browning degree by more than two times than
initial degree while electrostatic induction energy treatment group had no significant
change, which indicated electrostatic induction energy application had a positive effect on
browning effect during non-heat treatment. The PPO activity result also showed that
changes in treatment group were fewer than that of control group and non-heat treatment
group had a higher level than that of heat treatment group. The surface color result
showed that a and b values tended to increase after freeze processing compared th their

initial values.

12. Changes in beef quality during long-term storage in the electrostatic induction

energy freeze system.

o To analyze the freeze and storage effect in electrostatic induction energy-applied freeze
system, beef was frozen under the condition of 7000V and -20C and stored under the
same condition for six months thereby inspecting changes in qualities. For control group,
they were frozen and stored in general freezer under -20C temperature condition to
compare the quality. The water content, whose initial value was in a range of 69.21~
71.16%, did not have a significant change during the storage period. The water holding
capacity showed that treatment group in general freezer was 65.93% while electrostatic
field freezer was 67.74%, which was slighter higher than treatment group in general

freezer. Control group after six month storage had 53.32%, which was reduced significantly
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whereas electrostatic field storage treatment group had 67.07%. A drip rate was initially a
range of 2.93~3.07% but as storage period was elapsed, a drip rate of general freezer
storage treatment group increased to 7% or more whereas treatment group stored in the
electrostatic induction energy freezer did not exceed 4%, which indicated that electrostatic
field treatment suppressed an occurrence of a drip rate. These results are considered as
being related with more uniform microstructure and smaller ice crystal size of electrostatic
field treatment and storage groups than freeze and storage groups in the general freezer as
found in the microstructure analysis via SEM. In addition, VBN and TBA contents showed
that electrostatic field freeze treatment group had lower results than general freeze
treatment group, which indicated that qualities of electrostatic field freeze treatment group

were better than those of general freeze treatment group.

V. Study achievements and plan of the achievement utilization

o In this study, frozen products under -20C were produced and compared using an
electrostatic induction system thereby improving qualities of frozen products effectively. As
a method of storing agricultural and livestock products made in Korea reliably, a
technology was developed to prevent quality degradation such as tissue destruction, product
weight loss, and nutrients loss in freeze and refrigeration environments thereby showing
quality improvement effect of frozen products. In addition, improvements on frozen product
qualities were obtained via the application of electrostatic induction systems during freezing
to minimize ice crystal size thereby stabilizing the microstructure of frozen tissues.

Accordingly, this findings can be applied to other various types of frozen product groups.

0 Based on the above study results, we have filed a patent application titled on
Technology to extend freshness of frozen products using electrostatic induction systems
and submitted an international paper regarding quality stabilization of frozen products and
one local paper regarding characteristics of frozen food using high-voltage electrostatic field
as well as publishing three papers in local and international conferences regarding freeze
and thaw technology and product stabilization and improvements on frozen product qualities
utilizing electrostatic induction systems. In addition, we have submitted two local and
international papers, which are now under review, regarding changes in quality of
electrostatic induction system-—applied frozen products during long-term storage as well as
undergoing technology transfer about high quality frozen product manufacturing utilizing

electrostatic induction system devices.
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0 Through this study, we can secure foundational research data for high quality product
manufacturing that utilizes electrostatic induction systems for frozen foods and we expect
this technology to be applied to a variety of products in frozen food industries if this

technology is more advanced.

0 The study results can be utilized in the following areas.

o Papers submitted
: Study on Characteristics of Frozen Foods using High-voltage Electrostatic Field
. Effect of High—voltage Electrostatic Field on Long-term Storage of Frozen Beef
. Effect of High—voltage Electrostatic Field for High Quality Frozen Product
Manufacturing

o0 Preprocessing facilities and distribution centers of fresh agricultural and livestock
products harvest origins and collection places in Korea

o Low temperature product distribution system design and manufacturing companies

O Quality improvement of processing foods and extension of shelf life for agricultural,
fishery, and livestock products in Korea

o Contribution to storage capability for agricultural, fishery, and livestock products

o Utilization of the study data to apply electrostatic induction-related technologies in
freeze and refrigeration fields

o Low temperature storage warehouse for agricultural products, logistic centers, low
temperature workplace of package centers, low temperature-required shops, and

refrigeration sales facilities etc.
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Table 2. Thermal conductivity characteristics of a variety of material properties

%= s A== G5 7
o (kg/m°) (kcal/mhC) (mm)
32 0.017 20 AA}
744 S @PIRE
35 0.016 56 BAF
A A S BPURE 32 0.019 24 AA}
© ¥ BFPURE 30 0.029 100 BAF
A4Sy ez 16 0.035 44 AA}
24 0.032 50 CA
FAARE
32 0.031 50 CA
A RE 16 0.035 44 7R =
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Table 3. Results of the experimental conditions pork(P) and beef(B)

o FRE s m;%a@ ) e SRR
R e
P-1 155 -3096 057 003 518 0464 0171 0201 1195
P2 197 374 057 003/ 5656 0464 024 012 1382
P-3 160 -5 057 003/ 68 0464 016 017 1366
P4 138 400 057 003/ 4914 0464 0157 026 1142
P5 140 -390 2057 003 502 0464 018 0201 1179
P-6 235 427 057 003/ 4397 0464 0290 0243 1304
p-7 187 -0 2057 003/ 5518 0464 0.197 0186 1332
P8 125 411 057 003/ 4746 0464 0146 0215 1082
P9 165 -05 057 003/ 515 0464 01M 018 1222
P-10 170 =337 057 003/ 60b 0464 013 0.167 1461
P-11 20 -0 057 003/ 604 044 0206 0169 1490
P-12 210 405 2057 003/ 530 0464 0214 01% 1307
P-13 11.0 -39 057 003/ 5216 0464 0132 0190 122
P-14 140 -H5 2057 0015/ 10562 023 013 012 620
P-15 195 -05 057 0015/ 10241 023 0203 0183 2.1
P-16 20 =400 2057 0015/ 1048 023 0221 0.191 46
P-17 169 =337 057 0015/ 11514 02 012 0.167 0.3
P-18 215 -6 057 0015/ 10712 0232 0218 0184 6.3
P-19 231 -0 057 0015/ 119% 023 0229 0.164 o6
P-20 1.1 425 057 0015/ 8 023 0133 026 485
P21 155 410 057 0015/ 7133 0232 0021 0.1 4H1
P-2 210 415 057 0015/ 9% 0232 0214 020 6809
P-23 25 420 2057 0015/ 10032 0232 025 0.200 62.2
B1 90 -296 057 000/67 860 0316 0108 0160 A2
B2 48 -31.8 057 0019/39.3 X7 0301 0.067 0180 1y
B3 2 =31 057 002/467 6.1 0343 0.001 0183 D3
B4 37 324 057 0018/31.4 6728 0343 0006 0186 6
B5 38 -038 057 002/42.6 702 0343 006 0176 A8
B6 18 -06 057 0.022/346 6906 0348 00% 01M A7
B-7 21 -5 2057 0018215 "8 025 008 0190 75
B8 153 6.2 057 003/ 6.730 0432 0200 0160 121
B9 155 -02 2057 0.034/61.6 56% 053 0166 0153 131
B-10 108 -289 057 0032/ 5912 0506 015 0153 1663
B-11 157 -85 057 0028397 7189 0443 0163 0143 1572
B12 20 -00 057 0029’0 69714 049 0202 0145 1673
B-13 216 -64 057 0028504 8267 0443 0214 015 1883
B-14 218 -85 057 0029303 64 049 0215 015 120
B15 0.7 =337 1611 0067/74.2 790 039 0207 0163 181
B-16 2477 -H4 1611 0.084/%.0 4294 076 0.2%6 0166 4075
B-17 05 -4 1611 0055/%6.3 2897 096 023 0201 649.2
B-18 0.7 -37.3 1611 00451302 4048 0632 0.207 0181 3437
B-19 246 -0 1611 0029/30.2 499 053 02% 017 205
B0 04 321 1611 0028549 82% 030 026 01% 1965
B21 193 -320 1307 0028549 1001 0232 01%6 0156 2577
B2 195 -338 1307 0029665 9446 0292 018 0166 2225
B3 172 -5 1307 0030969 8733 032 0180 0172 2160
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Fig. 7. Changes of the pressure and temperature of distilled water during thawing
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At 574 91A(top view) B: =4 9 X (side view)

Fig. 9. Measuring the location of the temperature sensor
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Table 4. The intensity of the elecctromagnetic field in accordance with the position of the

sensor
(Unit : G)
Position Out put (V)

0 30 60 90
A 32 300 1600 3200
B 19.2 64 64 96
C 19.2 38.4 57.6 64
D 19.2 65.2 48 48
E 19.2 19.2 48 48
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Fig. 12. Changes of freezing curve according to the electromagnetic field intensity

Table 5. Characteristics of cooling thermal according to the electromagnetic field intensity

Initial freezing Time(sec.)
Treatment
point(C) Time(sec.) 5T -10TC
None -0.6 1020 6030 6420
800G -0.6 960 6810 7500
1600G -0.6 930 7110 7950
3200G -0.5 900 8130 12450
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10T Z=dst= A= HlA 255 800G, 1,600G % 3200Gel A 742 1,950 sec, 3,210 sec,
2,130 sec % 6,060 secEA ZZ =9 -0.0049C, -0.0030C, -0.0045C Z -0.0016CE eI
of AAEFIlTA Aol oA W&o Ayt dAE s st (Table 5).
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Fig. 14. Changes of freezing curve in ultrasonic energy output intensity
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Fig. 16. Changes of freezing temperature of the target sample (apple, onions, pork, carrot)

(A) Commercial freezer, (B) Electromagnetic field freezer
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Table 6. Chagnes of internal pressure druing thawing of samples

Samples

Pressure(psig)

Onion Pork meat Carrot

Apple

0.4603
0.0859
0.3744
0.3409
0.2775
0.0634

0.6162
0.3879
0.2283
0.3162
0.2598
0.0564

0.4986
0.0396
0.4590
0.3489
0.2991
0.0498

0.4689
0.1914
0.2775
0.3360
0.3288
0.0072

Max(A)
Min(B)

Commercial

AP(A-B)
Max(A)
Min(B)

Electromagne

tic field

AP(A-B)
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Fig. 18. Drip loss of different samples under different freezing conditions at -10C
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Fig. 19. Drip loss of different samples under different freezing conditions at —15C
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Table 7. Drip loss of different samples under different freezing conditions at -10C
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Table 8. Drip loss of different samples under different freezing conditions at -15C
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(A)

(B-1) (B-2)

Fig. 20. Sensor schematic diagram (A) and sensor position (B-1, B-2) for temperature

analysis. B-1 : top view, B-2 : a front view
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Fig. 21. Temperature and flow characteristics depending on the location and time of the

freezer. A : the upper class, B : the middle class, C : the lower class
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Fig. 22. Temperature and flow characteristics depending on the location and time of the
electro field freezer

A : the upper class, B : the middle class, C : the lower class
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Table 93 Fig. 25= (3)4& ol&3dto] 73 Hw o] 3 Tefzolt}

Table. 9. & value of the freezer according to the height of each time by the formula (3)

) ] Commercial type Electro field type
Time(min)
R3 R2 R1 R3 R2 R1
0 14 0.5 0.1 -0.1 -0.1 -0.1
5) 1.7 1.0 1.7 0.5 1.2 4.2
10 79 1.8 0.6 6.7 1.9 4.7
15 7.6 1.7 1.7 4.8 1.2 0.6
20 6.2 1.5 2.3 5.0 1.4 5.7
25 6.3 2.0 2.9 4.7 1.4 0.3
30 5.6 2.1 49 4.6 1.6 5.4
40 2.4 09 1.5 2.6 1.2 4.4
50 3.4 1.3 6.1 2.7 2.2 3.8
60 1.3 2.3 -1.5 4.0 0 3.1
30 30
25 A 25
20 4 20 4
15 15
10 10
5 A/\/ﬁ//\/\ 5 A///’_;\H\‘\‘\*i
04 04
—®— ¢ 0 —— ¢
° 0 15 2'0 :;o 4'0 5:0 60 K 0 15 2'0 :;o 4'0 5:0 60
Time(min.) Time(min.)
30 30
25 4 25 4
20 4 20 4
15 15
10 1 10 1
0 15 2'0 :;o 4'0 5:0 60 K 0 15 2'0 :;o 4'0 5:0 60
Time(min.) Time(min.)
(A) (B)

Fig. 25. Changes of ¢ value of the freezer according to the height of each time

(A) commercial freezer, (B) electro field freezer
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Fig. 26. Changes of temperature between 10 hours and 11 hours, depending on the

location of freezer

(A) commercial freezer, (B) electro field freezer
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Fig. 27. Changes of freezing temperature according to the position of the wall of the
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Table 10. Thermal image of freezer after the initial and frozen

After freezing
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Fig. 30. General drawing in inside view of electric field freezer
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Fig. 32. Photo of actual object to electric field freezer
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Fig. 34. Ice property to freezing condition

E-treatment; Frozen in electric field (7,000V) freezer at -20°C, Control; frozen at -20C
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E-Treatment Control
Fig. 35. Ice property II to freezing condition

E-treatment; Frozen in electric field (7,000V) freezer at -20C, Control; frozen at —20C

_96_



2) sAZ=A wE AE e B 2 Fd v

7h AE e S4
Electrolyte leakage 742 Suvaluk 5 (Journal of Food Science Vol. 76, Nr. 1, 2011)¢] "
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FAE AFEA T3 AY A (A 2H)S cytoplasmic streamingl® FE A g HHA
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example, kinesin and myosin)”} bundled actin microtubules2 ™&} organelles, plastids, and
vesiclesS Ho]37|H yclosis® &elA] dE AES £33 534S £33 olgd HA
AQl 5 A AxEd 73] He T 24 2}
= TR olZg AExW 7|He AEY EHY olTd ol ST
e #% 35 EF EFIT. 535 AEAERCd dojAd #HEHe= Fu dHEES
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conductivity disintegration index, Electrolyte leakage determination, Percent weight loss
determination % Viability staining 55 ©| 83t ®ol AEH I Ao AAY] 2 Yol
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AR, 7R B a7l E g ARE St FAS THAYeE EEEHE 249 S HHA
o8 Axrg =A% Ays= ve9 Fig. 36~383% 2l Alxe] A9 At 54 A= %
7] 55200 pS/cmolA 30T 264.0+23.3 uS/cm= E7HE wd AAY] fE Bd AlgE
1880457 uS/cm °F 30% A= & S YEhHATHFig. 36). old ¥ AT && 12087}
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Fig. 36. Effect of electric field on conductivity disintegration of apple tissue (£ = 7000 V).
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Fig. 37. Effect of electric field on conductivity disintegration of potato tissue (£ = 7000 V).
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Fig. 38. Effect of electric field on conductivity disintegration of beef tissue (£ = 7000 V).
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Fig. 39. Effect of electric field on total dissolve solid(TDS) disintegration of apple tissue (F
= 7000 V).
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Fig. 40. Effect of electric field on total dissolve solid(TDS) disintegration of potato tissue
(£ = 7000 V).
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Fig. 42. Effect of electric field on percent ion leakage of apple tissue(A and B), potato
tissue(C and D) and beef tissue(E and F) (£ = 7,000 V). A; apple tissue frozen at —207C,
B; apple tissue frozen in electric field freezer at -20°C, C; potato tissue frozen at -20TC, D;
potato tissue frozen in electric field freezer at -20C, E; beef tissue frozen at -20C, F; beef
tissue frozen in electric field freezer at —20°C. Data represent means of three replications

tstandard deviations.
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Fig. 43. NI PXle-1073
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Fig. 44. Biological impedance analysis of potato tissue to freezing condition and

temperature.
(A); potato tissue frozen at -10C, (B); potato tissue frozen at -20°C, Control; air freezing,

E-Treatment; freezing with electric field
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Fig. 45. Biological impedance analysis of pork tissue to freezing condition and temperature.
(A); pork tissue frozen at -10C, (B); pork tissue frozen at -20C, Control; air freezing,

E-Treatment; freezing with electric field
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Fig. 46. Biological impedance analysis of beef tissue to freezing condition and temperature.
(A); beef tissue frozen at -10C, (B); beef tissue frozen at —-20C, Control; air freezing,

E-Treatment; freezing with electric field
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(A)

(B) (®)

(D) (E)

Fig. 47. Micrographs of beef frozen under different freezing conditions and temperature.
(A); unfrozen beef, (B); beef tissue frozen at -10C, (C); beef tissue frozen in electric field
freezer at —-10C, (D); beef tissue frozen at -20C, (E); beef tissue frozen in electric field

freezer at - 20T
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Fig. 48. Scanning electron micrographs of potato by freezing condition and temperature.
(A); potato tissue frozen at -10C (x80), (B); potato tissue frozen in electric field freezer at
-10C (xK0), (C); potato tissue frozen at 20T (x&0), (D); potato tissue frozen in electric
field freezer at —20C (x80).

27 N8 24 Ui wE mATEE #E3 A= Fig 4990 Yeblidv 24t A
7178 FEAUA(T000V)E 483 W AR 4-F o nlete] AEy B 240 ¥
st7h AlshA & Aom #FEHJTH T3 -10Te Hlate] 20T A5+ Axe] 334
=7k g 2 Ao yEsen, 20T E ndet A7 FdudAE 483 ¥ AR

b iz W] vATRe] WE} He A BAT F A

- 110 -



Fig. 49. Scanning electron micrographs of beef by freezing condition and temperature.

(A); beef tissue frozen at -10C (x250), (B); beef tissue frozen in electric field freezer at
-10C (x250), (C); beef tissue frozen at -20TC (x250), (D); beef tissue frozen in electric
field freezer at -20C (x250).
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SBAELm

Fig. 50. Scanning electron micrographs of codfish by freezing condition and temperature.
(A); codfish tissue frozen at -10C (x100), (B); codfish tissue frozen in electric field freezer
at —10C (x100), (C); codfish tissue frozen at -20°C (x100), (D); codfish tissue frozen in
electric field freezer at —20°C (x100).
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(A) (B)

(®) (D)

(E) (F)

Fig. 51. Photographs of beef and prok tissue to freezing conditions
(A); pork tissue frozen at -20C, (B); pork tissue frozen in electric field freezer at -20TC,
(C); beef tissue frozen at -20C I, (D); beef tissue frozen in electric field freezer at -20C

I; (E); beef tissue frozen at -20C II, (E); beef tissue frozen in electric field freezer at
-20C 11
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Table. 11. Photo of sample tissue under different thawing conditions and temperature

Control_0TC ETOTC Control_2TC Control_25C

Apple

Beef

Potato

Tomato

Control; air thawing, E-T; electric field thawing

- 124 -



Eﬂ N ol o
o K e 7
5 T © <
= B — @ No
B o T .
do do B o £z
<~ ® B2 =
o= 5 © © &
~ R < <
<t g el ST
0 olqoﬂ X o
M ol ol m ™
£ 9 o -
w G o)
) Q ];A
~ w M — g F
JXI‘_ C._O ,M m *a
%0 o ) g .
T - ™ T 4
ol = o O = -
oo S 30 o~ B
o - 0
ﬂ o o)/ Mm m dw
) o e
e 10 E T
B oo M g =
g o =
= N o) B =
— —_ O OE
<~ M < =
B S e _ R
ER iy g
= % w o
= o T
> B Ho 5w
M B N n 0
N & oo g 0
Mo g o| < N
S~ ¥ i g
5 w X 4 & =
o o R wm S o
AT T
o LnL OT 17_A| dﬂ Ot .
P R N T )
~ 0 7L O NN N ] MW
fre JXI ° i
m K o S o o) %0 o )#Ab
o = | ® Mo TR <
= 1 on —~ % —~ =
B % b my ™ ol

1]

)
20Tl

o2 e

al

A

2}

1
T

]_

S

shefe] Aoz A

=

=

b" gkel Wst

o} 109 A% Aol7h WA

s 4x1%F

2o 00141 mg/g , HFE A EE 0.0129 mg/g?

A 25T ol A

vl
=

IS

o

T

L*, a*
o
- 125 -

=

K3

=
=

15
5

9
S

=

A

I

ol

=
0.0255 mg/g °lA o}

[e)

4R kel QLo A

o

>

1

I3

St
=

AE = /(L—L,)*+(a—ay)*+(b—b,)?

o] M3HAE)E Z71%9] Al
| =

e T
A 1647

b
AN



0.035 70

0.030 £ 604
| z
= S
B o025+ i g 501
E 2
@ 0.020 S 40 4
2 c
S g
3 3
2 0015 _ 2 304
Q == —_
2 - £
2 0.010 1 8 20
T
&
0.005 - % 10
0.000 ‘ ‘ : 0

Initial E-Treatment Control Initial E-Treatment Control

After thawing After thawing
Samples Samples

Fig. 65. Total phenolic and DPPH radical scavenging activity (%) after thaw at 25C to
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Fig. 68. Photo of potato tissue after thaw at 25C to frozen potato with different freezing
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Fig. 69. Changes of driploss rate of thaw at 10C to frozen potato with different freezing
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Fig. 73. Changes of driploss rate of electric

field thaw at 0T to frozen beef with

different freezing conditions

Control; air freezing, E-Treatment; electric

field freezing
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Fig. 74. Changes of driploss rate of thaw
at 0C to frozen beef with different

freezing conditions
Control; air freezing, E-Treatment; electric

field freezing
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Table. 12. Total bacterial counts of potato and beef tissue to different freezing and thawing

conditions.
(Unit: log cfu/g)
Freezing Thawing Samples

condition condition Potato Beef
Control 10C 2.03 + 1.02 6.06 = 0.02
0C ETY 1.66 + 0.87 438 + 0.04
0cC 1.72 £ 0.86 5.27 = 0.04
E-Treatment 10°C 1.82 £ 1.00 495 = 0.05
0C ET 159 + 045 417 + 0.05
0cC 1.89 £ 0.96 413 + 0.11

VRT @ A A7 HE oUAE ol &3 BTN AET A

A Ze] QoA Ws 7o E-T A= 10T sl JoAXe wAES] &5 v 3
AT E As 2‘%% T AATH(Table 12). &7, 2a17] Alze] 49 4wt @& 1
= dEle 7 =2 gte dElo] E-T d& ol Hlsko] 22%

o el w2 @S UEhd e, ARt WE 0T &7t 527 log cfu/go & taa WERSL
O W dAYRA E-T Yer< e A nAEo] dases Zdez veuey, ss =2
oAM= E-Thawing sl ez e ndes FFS Hdeldn. dwbgos Fats
a 17] fr=olly#1e] #&o] Y& % alsAd Fd5E 47

|
(10T sligolA °F 22% 74, 0C &0l oF 20.8% 3
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YA R & 5 AR 228X E F317] 9ste] Testo thermal imager(testo 882,
Testo Inc, NJ, USA)E o]&3sto] S5 T slsAae s + 27t AAgE At A S
AEAoH, ARE AHATF ¥ Edol2 AHE ol &t 2533 F 3 SAHVIEA FH
stk Gl dSArIE AR FHe 2ERYe 7 A %o Ui dRE vgF 54
g Ade Aol dvk wEkA olE B3 AlE BHY 2% 55 2 X Tl dEd FAE

ERET

Potato tissue Beef tissue

A; Thermal image

B; temperature histogram

C; temperature profile

Fig. 75. Thermographics of potato and beef tissue with thawing at 10C for 5 hours after
freezing at -20C

Frozen condition; air freezing at -20C, Thawing condition; air thawing at 10C, Thawing

time; Dhr
A2 HA 141C, A 169TC, Hat 15.1TC Hitolsle] W+ 20.6%2 WA, E =20t 2 A
T TAFE TYe=E st ¢ 56.6% HAE7F Hitolste =& YEMAT. 457 FHA 1L
=] S|

1C, Aol 17.3C, B 156T BHolste] W 269% WA, Zaddars FHALE F
Fom shel o 753% w7t Biolste] LEE e
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Potato tissue Beef tissue

A; Thermal image

B; temperature histogram

C; temperature profile

Fig. 76. Thermographics of potato and beef tissue with thawing at 10C for 5 hours after
electric field freezing at -20C
Frozen condition; electric field(7000V) freezing at -20C, Thawing condition; air thawing at

10C, Thawing time; Shr

A H2 150C, Aol 175C, B 159C Hirolshel
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EE =
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Fig. 77. Thermographics of potato and beef tissue with electric field thawing at 0C for 5

hours after freezing at -20C
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Potato tissue Beef tissue

A; Thermal image

B; temperature histogram

C; temperature profile

Fig. 78. Thermographics of potato and beef tissue with electric field thawing at 0C for 5

hours after electric field freezing at 20T

Frozen condition; electric field(7000V) freezing at —-20°C, Thawing condition; electric field

thawing at 0'C, Thawing time; bShr
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E Yepddeh dvbq oz et ARG slE el vlste] £x7F BA A FH glon,
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Potato tissue Beef tissue

A; Thermal image

B; temperature histogram

C; temperature profile

Fig. 79. Thermographics of potato and beef tissue with thawing at 0C for 5 hours after
freezing at -20C
Frozen condition; air freezing at -20°C, Thawing condition; air thawing at 0C, Thawing

time; Dhr

A #HAa 22T, Hd 80T, Fit 06T Harolste] W+ 54.1%9 WA, 0Ceoste] WA
2 498%, TRAUZAE FARE Fotom o] oF 626% HE7} Hiro|dte] EE g
W, 22T ~-19C ¥YelA #HE8S el 251% AES Y. 217 4 -22T, F
ol 89C, Hit 06T Hitolstel W= 60.8%°] WA, 0Ceolate] WAL 52.9%, X3 ZA]
T TAHTE TYeE o] of 68.6% HLrt Wtolste 2xE UEhd. -22T~-14T ¥4

6319.
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Potato tissue Beef tissue

A; Thermal image

B; temperature histogram

C; temperature profile

Fig. 80. Thermographics of potato and beef tissue with thawing at 0C for 5 hours after
electric field freezing at -20C
Frozen condition; electric field(7000V) freezing at -20C, Thawing condition; air thawing at

0, Thawing time; 5hr
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2 59.9%, ZR2IHAZANE= F

@)

LS 04T Aolate] M9 627%2) WA, 0Tolae] WA
N2 Zgow sho] of 686% Awst Witelshe LEE e
e

>,

W, 23T ~-1.6TC WA UEbY 424% A=t 237 #HA -22T, Hd 68T,
Hit -08C Hitolste] W= 675%2 WA, 0Tolate] WA 716%, T2IFI=A = FA
RE Fgow sto] o 77.3% ALt Firolste] £EE YEhW. 22T ~-1.9T HHolA 3
& e 323% H =S

- 139 -



Potato tissue Beef tissue

A; Thermal image

B; temperature histogram

C; temperature profile

Fig. 81. Thermographics of potato and beef tissue with electric field thawing at 0C for 24
hours after freezing at —20C

Frozen condition; air freezing at -20C, Thawing condition; electric field thawing at 0T,

Thawing time; 24hr

A FHa 29T, Hdl 15T, Hat 22T Harolshe W& 59.8%<2 WA, 0Co|se] WA
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Potato tissue Beef tissue

A; Thermal image

B; temperature histogram

C; temperature profile

Fig. 82. Thermographics of potato and beef tissue with electric field thawing at 0C for 24
hours after electric field freezing at 20T

Frozen condition; electric field(7000V) freezing at —-20°C, Thawing condition; electric field

thawing at 0C, Thawing time; 24hr

\#

S
S
=

A #H4 -217C, #Ad 80T, 3 1T Fatelste] Wel= 59.0%9 WA, 0Tolste] WA
& 638%, ZRIAZANE FANE TFoR 9 o 780% HE7} Fitolste] 2xE e
W, -21C~-16C WM FEE& Je 382% AEE JeERRATE 217 i -07C, 3
t 5.7°C, Bt 04T Htolate] W= 454%¢°] WA, 0Colate] WA 2 344%, T2IpARA
= TARE TYoR sho] of 79.3% ALTh Hiftolste] &S YEH. 07T ~-04T W

63]9.

S ey 21.3% AEE e,

- 141 -



Potato tissue

A; Thermal image

B; temperature histogram

C; temperature profile

Fig. 83. Thermographics of potato and beef tissue with thawing

freezing at -20C

Frozen condition; air freezing at -20C, Thawing condition; air

time; 24hr

A FHA -16T, Ho 56C, B -08C Hitolste] W&
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Potato tissue Beef tissue

A; Thermal image
B; temperature histogram

C; temperature profile

Fig. 84. Thermographics of potato and beef tissue with thawing at 0C for 24 hours after
electric field freezing at -20C
Frozen condition; electric field(7000V) freezing at -20C, Thawing condition; air thawing at

0C, Thawing time; 24hr
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-1.7C~-13TC WA #HgS Yety 77.7%H=E Jehdid 237 H4& -08C, AU
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Potato tissue Beef tissue

A; Thermal image

B; temperature histogram

C; temperature profile

Fig. 85. Thermographics of potato and beef tissue with thawing at 10C for 24 hours after
freezing at -20C
Frozen condition; air freezing at -20C, Thawing condition; air thawing at 10C, Thawing

time; 24hr

A A 116°C, AW 160C, Fw 122TC HFolate] ¥
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Potato tissue Beef tissue

A; Thermal image

B; temperature histogram

C; temperature profile

Fig. 86. Thermographics of potato and beef tissue with thawing at 10C for 24 hours after

electric field freezing at -20C

Frozen condition; electric field(7000V) freezing at -20C, Thawing condition; air thawing at

10°C, Thawing time; 24hr

A= HA 120TC, HO 16527T, Hit 125C Htolshe] ME 545%<] WA, L2oda
He FAFE TYoz g9 o 773% AErt Bireldte 2x25 et 2a7] A
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THoE st of 62% HL7F Witolste] L& YEIITH
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1) A=
ARE W AY F AR FAS wasy] fstel 20T, -10TAH YEDW JEH
AN WE)IS @ F 247 -40Ce] Aol FF BACE 24UN FAS wwstart

2) Drip loss
AN FEE 15%15x15 mm=E ZEhA] polyethylene bagell o] H&3k &
ASE A7k mhe Aol 24 SEAAM AR Sk Bt

el o %3k 3 & F
AS =A3A T Drip loss®E 988 S50 o oz slo] MBS = AE39c
3) TBA

Aol Al =5 UEtlle= TBA#S SAsAT =, 10 g9 Algol AdTe] AspiAE
#1sked BHA 50 ng #7F & 20% TCAE 25 mL& #H7Fste] 2#-3F 14000 rpm o= 2 s}
3lal volumetric flaskoll €0l T/ 52 50 mLo] A st ol& H A3 EEoF o
o2 (Watman No.l, Japan)Z oAl & o3t F 3 mL& FH 3l test tubed] %3 0.005
M 2-thiobarbituric acid 3 mL-& ¥ 2 &3 & A2tiolA 15A7F &< A/ 9

530 nme] EF oA =AsFI )

[o

ol

4) VBN
gl B2 el VBN#S Conway unit® =4
&+ 5 g2 TFT 45 mLEg 7hete] 14,000 rpmel A 5&zF wA g &
(Watman No.1)Z o3} A7l & ool & | mL< —%4‘3]] Conway unit®] <o) i1
0.005 N HoSO4 1 mLE ¥ § e 5745 &2 % oA 23t K2C03 1 mLS B3 v =
dHstdtt. §718 FHoE Il QA9 sampled KoCOz7F 4lolA & 5 25T9
incubatorel A 60 &3t &3 AlIATH FAS ZA2HA E3 HSOs0l 001 N NaOH= 415
3] A4 stelvt.

5 W&

ANgE 27 10 g #H3E & HiE 0.85% saline €407 108 3]48o] stomacher (Bag
mixer R400, interscience, Saint Nom, France)® &3} 3 & oA 3A3le] A3dS A3
ATk AlFEd L ZF A AN 1 mLAS it HEYHA FaHoR FHEt agarg oF
15 mLE E53}9] pouring culture method® HE3 TS LWk 35+1Tol A 24~48A]
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£ F743t] colony forming unit(CFU/g) o2 ZEAISFATE Ao AH&H
- plate count agar(Difco, Detroit, MI, USA)S A}-83}31t}.

D A (HH)e] de A% F4 8l

| T -20C, -10TCedA W& (dur Ws

A7 BE)s & 5 47 40T Agste] s (tAo R F4S vastth
A 5 W 209 AAe =1ES 543 23 Table 139 2oh x27] dx279 =9
EL2 -20C -10C W% =AM 242 171 2 1.09% F=o2 vehgkom #4477kl dojd
FE EYE B et 2o® YEhgth -10T 9 49 A% 19 F Uzt 2 ATt
ZYE0] 213% % 201% FEo=2 747 04%9F 0.7% S5 S7Fekh -20C A -10T
of Hlal =HEo] wgton A 12 F 145% 2 1.16% FFow thx 7t Aol Hla)

Table 13. Drip loss of frozen fish in various freezing temperature and freezing conditions

during storage —-40C

Freezing Storage time(month)
temperature Treatment

(C) 0 1 2
Con 1.71+£0.17 2.13+0.25 2.40+0.23

-10
E-T 1.41+0.63 2.01+£0.12 2.04+0.34
Con 1.09+0.23 1.45%0.38 1.88+0.35

-20
E-T 0.74+0.45 1.16+0.34 1.52+0.25

20Tl At W& AdE ezt Aol =yEe] W3k Table 143 #Hh -40%=

%
A vaE FES dEgen 4377k FasE =Y
(e}

& E3 Frksksih 10T 9
T AYA dxzTe 27 171% FEAAA 28 F 349% FEoR FUrstdlom A me
1.41%°1 A 2.88% =07 Zrlstgon thxo Hla] o FFo|duk -20TC A+ w3

- 147 -



-20C A&A -10C A +-<¢F Blszskdvt,

Table 15. Drip loss of frozen fish in various freezing temperature and freezing conditions

during storage 20T

Freezing Storage time(month)
temperature Treatment

() 0 1 2
Con 1.71+£0.17 2.91+0.53 3.49+0.34

-10
E-T 1.41+0.63 1.77£0.97 2.88+0.95
Con 1.09+0.23 1.67+0.79 2.53+0.36

-20
E-T 1.45+0.38 1.03£0.55 1.63+£0.33

0ol AASEA WE S geld Aol pH M Table 153 2tk WE A% A
Aol pHE 6647705 302 vEltth A47]zko] Aol dol whel pHrb Z7behs Aes 1
Fov ot wade Hal Ao A% Aow AztAT 10= A4 tlxTel pH Wl
A Egrem -20C o Heh -10Tel A YA pH7E ek 20T AN G 4G
ol 485 pH #F0] Eobith AF FeA 4% A pH FEo] 666~7.07 O

-20C AFA 6.89~7.14 F=+HEt @A JeER ST}

Table 15. pH of frozen fish in various freezing temperature and freezing conditions during

storage —40TC

Freezing Storage time(month)
temperature Treatment

(C) 0 1 2
Con 6.87£0.06 7.04£0.01 7.07£0.23

-10
E-T 7.05+0.06 7.03+0.01 7.05+0.23
Con 6.64%+0.04 6.64+0.03 6.67+0.05

-20
E-T 6.74£0.04 6.65£0.02 6.66%0.23

- 148 -



Table 16. TBA of frozen fish in various freezing temperature and freezing conditions
during storage -40C
Unit: mgMA/kg

Freezing Storage time(month)
temperature Treatment
(C) 0 1 2
10 Con 0.12+0.03 0.19+0.02 0.21+0.06
E-T 0.19+0.01 0.13£0.00 0.15+£0.05
20 Con 0.19£0.01 0.22+0.01 0.23+0.12
E-T 0.06£0.00 0.15£0.05 0.19+£0.32
—40Cel AFeuA WE Ads 2T Yo TBA ¥sb= Table 169 2tk TBA= 4
F Tl E ANd, 53 Exst Atk Absirr dagel] wet peroxide®t carbonyl 3F
StE S AAEA HiE=d), olw] A ¥ = malondialdehyde(MDA)2] %S YeER = H-%19 Absj
LE S48 H=® ol&Ha Utk 7] A TBAE 0.08 mgMA/kg Fwolew dx
215 = 0.06~019 mgMA/kg T+ YEHHAT. A% 7ke] S71eds+E TBA & <
7hshe Ao 2 UEu

Table 17. TBA of frozen fish in various freezing temperature and freezing conditions
during storage —20C
Unit: mgMA/kg

Freezing Storage time(month)
temperature Treatment
(C) 0 ! 2
10 Con 0.12+0.03 0.26=0.02 0.27+0.05
E-T 0.19+0.01 0.22+0.02 0.23+0.02
20 Con 0.19+0.01 0.23+0.02 0.25+0.03
E-T 0.06+0.00 0.11+0.01 0.12+0.04

-20C Aol A% AFEe EF7E ATl vs] TBA ol ¥ & el
-10C9 A% z7]dE dEz77F 012 mgMA/kg F+2o2 A+ 019 mgMA/kg TR}
o XVOP 719 olFREE UEF 019~021 mgMA/kge® AT 0.13~0.15
mgMA/kg Bt =8kth -20C AA A4 TBA ®W3t= Table 173 2ok A% 1/HLA
-20Col A A3 e TBA %S thx+7F 023 mgMAkg F+o& Az 011
mgMA/kg Tl 3l 2 FFES JElden A 2EA -40%oA Adg A9
TBA7Z} 0.15~0.23 mgMA/kg =&l Hlal -20C A& 012~027 mgMA/kg F+o&2
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& koA AGT A Aol TBA F7F&o] tha A Yerw

Table 18. VBN of frozen fish in various freezing temperature and freezing conditions

during storage —40TC

Unit: mg%
Freezing Storage time(month)
temperature Treatment
(C) 0 1 2
10 Con 17.27+2.95 25.22+£5.89 31.80+£0.56
E-T 13.12+1.02 19.91+£0.92 20.75+5.68
20 Con 15.87£1.63 15.47+£0.56 15.89£0.56
E-T 13.49+0.49 13.08+0.67 13.71£0.02
-40TCeol AFetAr dEs HgEs G

ol
o
x
1o
ot
i)
oX,
2
N
=
i
B>
s
o
Lo
rE
uls
-~
o
D

189 2t} VBNE o3flF9] A= AAS S A5 F
X Yo} trimethylamine, dimethylamines 2] &3& 2 FA Yol 1S ¥ oyl stk A%
o Ast @ Wgd wf FUFEHh 27] VBN o FHEFe 1312~1727 mg% T8 UYEHWS
o A 717F Eob Z71Ek . -10C A Al ETe VBN &L 17.27 mg%ol A A& 270
44 3180 FFow 7HA Frhetdlow oldrta] A= A 2EA 2075 mg% TEL
2 Yeiy s Wl gl v Ao JErdth 20T AZA MY F gEx2TE 2755
mgMA/kgFE o2 Z7]o] Hlal 10 mgMA/kg F5 F7Fetgden thxz79 Z9odx 2069
z7lo wl&l ¢ 7 mgMA/kg v F7MstE AFS dERIATh VBN Eg
TBASH Hl=dt &S 1o A7) 5 40T Aol 20T A% nls] VBN Z7H&

Table 19. VBN of frozen fish in various freezing temperature and freezing conditions

during storage -20C

Unit: mg%
Freezing Storage time(month)
temperature Treatment

(C) 0 1 2

10 Con 17.27+2.95 27551453 32.76£9.56
E-T 13.12£1.02 20.69+1.20 22.07+5.62

20 Con 15.87+£1.63 16.71+£3.63 20.64+5.56
E-T 13.49+0.49 19.03+0.77 19.65£8.68
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-40TCel AAstHA Ws HeEs gl Ao F2] Wsh= Table 209 2ok 27] A
Aol #4E 427~489 log CFU/g F+o2 YEwton WE7|7tse & H3tE e &
At -10C AFAl Aol ARl 4.25~4.86 log CFU/g o2 YERA o -20C A
AAE vl 23 s dEAT 20T AA AR Fdas 4277509 log CFU/g F52
2 2719 H=d e UEUWITH

N

Table 20. Total cell count of frozen fish in various freezing temperature and freezing

conditions during storage -40C

Unit: log CFU/g

Freezing Storage time(month)
temperature Treatment
(C) 0 1 2
10 Con 4.49+0.26 4.43£0.02 4.86£0.55
E-T 4.27+0.02 4.25+0.15 4.55+0.66
90 Con 4.33%0.26 4.80+0.07 4.33%0.23
E-T 4.89£0.04 5.04+0.08 4.88£0.56

Table 21. Total cell count of frozen fish in various freezing temperature and freezing

conditions during storage -20C

Unit: log CFU/g

Freezing Storage time(month)
temperature Treatment
(C) 0 1 2
10 Con 4.49+0.26 491+0.11 4.59+0.26
E-T 4.27£0.02 4.46£0.09 4.35%0.23
o0 Con 4.33+0.26 5.09+0.03 4.56+0.66
E-T 4.89£0.04 4.59+0.21 4.95£0.23

A0Col AgeEA WE As g Ao An Wals Table 223 2t Ao 2]
Me=1L,a % b g 77 5342, 019 2 -1.30 ol WE 2% L #e Fastde
Woa, b e EhRATh WAL 2dd hE Wes G St 4471 s

WE AFe m2d F2e FA8AT 20T AFANN 40T A% Nz FEe U
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Table 22. Color value of frozen fish in various freezing temperature and freezing conditions

during storage -40C

Freezing

Storage time(month)

temperature  Treatment Color
() value 0 1 9
L 49.49+0.45 49.92+0.55 53.00+0.40
Con a 0.93+0.44 1.41+0.63 -0.74+0.63
10 b 3.80£0.20 4.00+0.52 5.46+1.15
L 49.62+2.78 53.46+0.99 52.35+0.56
E-T a 0.34+0.24 -0.63+0.27 -0.93+£0.05
b 3.64+0.16 4.96+0.95 4.80£0.03
L 44.45+2.74 50.44+0.70 51.17+0.55
Con a -0.63+0.54 0.64+0.11 0.78+0.11
o0 b 4.58+0.87 3.48+0.02 3.48+0.23
L 47.87+1.40 51.31+4.61 53.46+0.99
E-T a -0.40+0.21 0.2510.48 -0.63+0.27
b 3.61+0.48 4.01£1.40 4.96+£0.95

Table 23. Color value of frozen fish in various freezing temperature and freezing conditions

during storage —-20C

Freezing

Storage time(month)

temperature  Treatment Color
() value 0 1 2
L 49.49+0.45 52.37+3.37 55.92+0.66
Con a 0.93+0.44 -0.40£0.24 -0.26+0.22
10 b 3.80£0.20 3.84+0.65 3.37%£0.25
L 49.62+2.78 53.58+3.59 57.32+9.56
E-T a 0.34+0.24 -0.21+0.16 -0.40+0.23
b 3.64+0.16 4.82+0.83 5.69+0.35
L 44.45+2.74 50.63+0.45 51.12+0.11
Con a -0.63+0.54 0.04+0.34 0.13+£0.23
20 b 4.58+0.87 3.75%0.81 4.46+0.53
L 47.87+1.40 50.60+1.02 49.49+9.23
E-T a -0.40+0.21 0.40+0.13 0.54+0.23
b 3.61+0.48 5.45+0.57 4.80£0.32
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Table 24. Drip loss of frozen beef in various freezing temperature and freezing conditions

during storage -40TC

Freezing Storage time(month)
temperature Treatment
(C) 0 1 2
10 Con 4.22+2.29 6.04£0.92 6.55%+0.56
E-T 3.22£1.56 5.26£0.80 5.10£0.64
20 Con 2.32+0.30 4.18+1.00 4.68%0.63
E-T 2.82+1.13 3.76x£0.07 4.23£0.26

Table 25. Drip loss of frozen beef in various freezing temperature and freezing conditions

during storage -20C

Freezing Storage time(month)
temperature Treatment
(C) 0 1 2
10 Con 4.22%2.29 5.26£0.26 4.23+0.65
E-T 3.22+1.56 3.38£0.51 3.66£0.65
20 Con 2.32+0.30 451+0.85 5.41+0.95
E-T 2.82%1.13 4.21+0.78 5.11+0.56
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Table 26. pH of frozen beef in various freezing temperature and freezing conditions during

storage —40TC

Freezing Storage time(month)
temperature Treatment

(T) 0 1 2
Con 5.64£0.04 556£0.02 5.58%0.05

-10
E-T 5.57+0.01 5.57+0.01 5.58+0.03
Con 5.59+0.01 551+0.01 5.65%0.02

-20
E-T 5.66+0.04 5.58+0.01 5.59+0.03

Table 27. pH of frozen beef in various freezing temperature and freezing conditions during

storage -20C

Freezing Storage time(month)
temperature Treatment

(C) 0 ! 2
Con 5.64£0.04 5.53+£0.01 5.55+0.06

-10
E-T 5.57+0.01 5.62+0.03 5.61+0.02
Con 5.59+0.01 5.64+0.01 5.64£0.05

-20
E-T 5.66£0.04 5.59+0.01 5.60+0.06

40T AFsAA WE HE S s 27179 TBA W3l:= Table 289 2t} =4 Al
=5 Yele Hxoly %7] A37]9 TBAE 0.08 mgMA/kg Fwolen W%z 3o
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Table 28. TBA of frozen beef in various freezing temperature and freezing conditions
during storage -40TC
Unit: mgMA/kg

Freezing Storage time(month)
temperature Treatment
() 0 1 2
10 Con 0.10+0.00 0.10+0.01 0.12+0.02
E-T 0.08£0.02 0.09+0.03 0.11+0.23
20 Con 0.05+0.01 0.04£0.01 0.07£0.02
E-T 0.05£0.01 0.04£0.00 0.07+£0.01

Table 29. TBA of frozen beef in various freezing temperature and freezing conditions
during storage 20T
unit: mgMA/kg

Freezing Storage time(month)
temperature Treatment

(C) 0 1 2
Con 0.10+0.00 0.12+0.01 0.13+0.03

-10
E-T 0.08+0.02 0.08+0.00 0.10£0.02
Con 0.05%0.01 0.06£0.01 0.07£0.02

-20
E-T 0.05=0.01 0.06+0.01 0.06+0.02

~40°Cell A7
303 Zt} VBN e =
ﬁﬂ FAdAgor AdE AowE Adxe] Ast B dad w Frhgt. 7] VBN o §H#F
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Table 30. VBN of frozen fish in various freezing temperature and freezing conditions

during storage -40C

Unit: mg%
Freezing Storage time(month)
temperature Treatment

(C) 0 1 2
Con 8.56%1.37 8.36+0.86 9.87+0.56

-10
E-T 7.28+0.00 7.28+0.00 7.27+0.05
Con 6.83£1.88 492+1.46 6.43£2.22

=20
E-T 6.54£0.30 4.95£0.89 5.97£0.56

Table 31. VBN of frozen beef in various freezing temperature and freezing conditions

during storage —20C

Unit: mg%
Freezing Storage time(month)
temperature Treatment

(C) 0 1 2
Con 8.56+1.37 8.44+1.06 &8.07+2.30

-10
E-T 7.28£0.00 5.80+0.87 6.34%£0.35
Con 6.83+1.88 5.83+0.95 6.80+0.56

-20
E-T 6.54+0.30 4.36+0.81 5.30+0.65

Table 32. Total cell count of frozen beef in various freezing temperature and freezing

conditions during storage -40C

Unit: log CFU/g

Freezing Storage time(month)
temperature Treatment

(C) 0 ! 2
Con 4.35£0.03 5.08+£0.08 5.23£0.65

-10
E-T 4.80+0.06 5.04+0.08 5.02+0.56
Con 4.35+0.03 5.06£0.01 5.95+0.06

-20
E-T 4.80£0.06 493£0.02 5.32+0.56
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Table 33. Total cell count of frozen beef in various freezing temperature and freezing

conditions during storage -20C

Unit: log CFU/g

Freezing Storage time(month)
temperature Treatment
(C) 0 ! 2
0 Con 4.35%0.03 5.03+0.04 5.55%0.67
E-T 4.80£0.06 5.31£0.01 5.47£0.68
%0 Con 4.35£0.03 458%0.03 5.20£0.35
E-T 4.80+0.06 4.59+0.02 5.10+0.56

40T AHEA WE AU D@ 23709 A% WEE Table 3490 2uk Awvlel
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Table 34. Color value of frozen beef in various freezing temperature and freezing

conditions during storage —-40C

Freezing Storage time(month)

temperature  Treatment Color
() value 0 1 9
L 37.19£4.00 39.44+2.91 38.05+0.56
Con a 12.94+1.87 14.53+1.21 13.14+2.65
10 b 6.60+1.89 9.07+0.59 8.43+0.35
L 39.01£0.54 37.21+£4.22 35.19+5.62
E-T a 14.76+0.90 15.28+0.60 14.68+0.65
b 5.42+0.82 7.97+1.99 7.04+2.33
L 42.89+1.63 39.94+1.86 41.87+0.64
Con a 15.62+1.16 14.53+0.23 14.79+3.65
a0 b 8.20+1.27 8.79£0.87 9.79+6.56
L 41.64+0.12 42.72+0.36 42.67+2.31
E-T 14.81+1.27 12.40+2.07 13.02+1.65
b 5.14+0.93 6.97+0.98 7.57%0.23

Table 35. Color value of frozen beef in various freezing temperature and freezing conditions

during storage -20C

Freezing Storage time(month)

temperature  Treatment Color
() value 0 1 2
L 37.19+4.00 40.30+£3.50 44.34+5.66
Con a 12.94+1.87 14.02+3.44 17.99+5.61
. b 6.60+1.89 771+1.72 8.56+0.23
L 39.01+0.54 37.74+1.69 39.36+5.16
E-T a 14.76+0.90 13.78+1.77 15.72+2.31
b 5.42+0.82 6.17£1.52 7.34+2.31
L 42.89+1.63 42.65+2.83 45.25+2.31
Con a 15.62+1.16 13.67+1.91 15.87+1.20
_o0 b 8.20+1.27 7.89+1.26 8.75%0.15
L 41.64+0.12 43.45+2.56 46.39+3.50
E-T 14.81+1.27 13.40+£0.63 13.954£2.51
b 5.14+0.93 7.61+0.50 8.04+0.13
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Table 36. Drip loss of frozen potato in various freezing temperature and freezing conditions

during storage -40C

Freezing Storage time(month)
temperature Treatment
(C) 0 1 2
Con 17.84+2.08 16.66+4.49 15.82+2.32
-10
E-T 11.96+0.83 13.96+1.19 15.12+0.54
Con 12.65£1.20 14.63£1.03 17.26+0.52
-20
E-T 11.83+£1.02 12.13£0.27 15.12+2.53

Table 37. Drip loss of frozen potato in various freezing temperature and freezing conditions

during storage -20C
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Freezing Storage time(month)
temperature Treatment
(C) 0 1 2
Con 17.84£2.08 17.42+2.53 18.84+2.65
-10
E-T 11.96+0.83 12.91+1.26 15.65+2.65
Con 12.65+1.20 17.78+2.17 19.81+5.63
-20
E-T 11.83+1.02 12.36+0.88 15.90+2.66

- 159 -



—20C AZA Aol =EfES Table 370 WeERATE -40C A7 fFARSHA AGEST =
HELS /it e 20T A A A+ %27] EHES 1463%2 270195 1590% % tha
S7tete AEs BHAvh 20T AAl 2EF dxTe] =gEC] 1884~19.81%, -40TC A7
15.82~1726% <ol W3] =A debod Ao 49 & WskE HolA okt

HAE Aot 5 Hfﬂ TR 3Aste] pHE FAskdth 27] #Ake] pHe 581 1MJE1 i
s AF A pHE 574~598 o2 UEETh AEdE 7)o Hl=e FES UER

STk qHabe] pHE WE £weh WE A0 JFE mAA 2 Ao ek

Table 38. pH of frozen potato in various freezing temperature and freezing conditions

during storage —-40C

Freezing Storage time(month)
temperature Treatment

(C) 0 1 2
Con 5.90+0.03 5.96+0.02 5.97+0.64

-10
E-T 5.98+0.03 6.00£0.04 5.96%0.23
Con 5.74£0.01 591£0.02 5.93+0.02

-20
E-T 5.88+0.01 5.91+0.01 5.92+0.03

Table 39. pH of frozen potato in various freezing temperature and freezing conditions

during storage -20C

Freezing Storage time(month)
temperature Treatment

(C) 0 1 2
Con 5.90+0.03 5.96+0.02 5.83+0.03

-10
E-T 5.98+0.03 6.00+0.04 5.85+0.05
Con 5.74+0.01 5.94+0.02 5.90+0.05

-20
E-T 5.88£0.01 5.90£0.02 5.88£0.06
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Table 40. Vit C of frozen potato in various freezing temperature and freezing conditions

during storage -40C

unit: mg%
Freezing Storage time(month)
temperature Treatment
(T) 0 1 2
Con 4.06£0.33 3.40+£0.17 3.30£0.23
-10
E-T 4.49+1.02 453%0.19 4.3340.23
Con 4.25+0.35 3.45%0.39 3.39£0.65
=20
E-T 4.75+0.51 4.68+0.51 4.29+0.55

Table 41. Vit C of frozen potato in various freezing temperature and freezing conditions

during storage —-20C

unit: mg%
Freezing Storage time(month)
temperature Treatment
(C) 0 1 2
Con 4.06=0.33 4.19+0.05 416%0.23
-10
E-T 5.056£0.47 451+0.30 4.16%0.65
Con 4.25%0.35 4.77+x0.11 4.68%0.65
-20
E-T 4.75£0.51 4.73+0.20 4.66+0.23

-40TC % 20T ° A&stds Y Ads 22 &
433 2k Ake] 92 4338 mg% Tl er Ws A% 437~460 mg% T
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Table 42. Total sugar of frozen potato in various freezing temperature and freezing

conditions during storage —-40C

Unit: mg2%
Freezing Storage time(month)
temperature Treatment

. 0 1 2
(C)

Con 41.95+2.19 39.68+1.28 38.25+3.65
-10

E-T 45.65+3.18 36.03+2.00 38.01+0.12

Con 43.70+0.39 35.18+2.15 33.39+3.56
=20

E-T 46.06+0.60 38.67+3.16 35.28+2.55

Table 43. Total sugar of frozen potatoin various freezing temperature and freezing

conditions during storage -20C

Unit: mg%
Freezing Storage time(month)
temperature Treatment
N 0 1 2
(C)
Con 41.95+2.19 38.79+0.20 38.77+2.66
-10
E-T 45.65+3.18 39.76+1.63 37.88+1.32
Con 43.70+0.39 31.78+8.75 31.81+£2.66
=20
E-T 46.06£0.60 39.46+6.29 35.66£2.65

Table 44. Total cell count of frozen potato in various freezing temperature and freezing

conditions during storage -40C

Unit: log CFU/g

Freezing Storage time(month)
temperature Treatment

(C) 0 1 2
Con 3.08£0.05 3.48£0.02 3.49£0.22

-10
E-T 2.80£0.08 4.22+0.05 3.66+0.56
Con 3.37£0.09 3.66£0.05 3.55+0.56

-20
E-T 3.13£0.07 3.10+0.00 3.47+£0.35
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Table 45. Total cell count of frozen potato in various freezing temperature and freezing

conditions during storage -20C

Unit: log CFU/g

Freezing Storage time(month)
temperature Treatment

() 0 ! 2
Con 3.08£0.05 3.87£0.17 3.48+0.23

-10
E-T 2.80+0.08 3.83+0.07 3.32+0.23
Con 3.37£0.09 3.58+0.06 3.55+0.23

=20
E-T 3.13=0.07 3.65=0.09 3.23%£0.65

Table 46. Color value of frozen potato in various freezing temperature and freezing

conditions during storage —40T

Freezing Storage time(month)
Color
temperature Treatment 1
(oC ) value O 1 2

L 67.89+1.23 66.33£2.08 64.94+0.65

Con a 1.22+0.21 1.24+0.23 1.42+0.22

10 b 12.63£1.50 14.50£2.39 16.17+0.23

L 69.03+1.31 73.45+1.31 72.04+5.22

E-T a 0.68+0.45 -0.07£0.19 0.05£0.00

b 15.53+0.49 13.53+0.52 14.04+0.56

L 67.89£1.23 73.65£1.94 72.04£5.64

Con a 1.22+£0.21 -0.26%0.20 -0.07£0.05

20 b 12.63£1.50 12.94+2.49 13.93£2.65

L 70.37£0.41 70.24£1.70 68.55+3.55

E-T 0.92+0.51 -0.69+0.33 -0.85+0.23

b 13.69+0.94 14.98+1.11 13.96+2.65
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Table 47. Color value of frozen potato in various freezing temperature and freezing

conditions during storage -20C

Freezing Color Storage time(month)
temperature  Treatment
() value 0 1 9
L 67.89+1.23 70.01+0.59 70.69+0.66
Con a 1.22+0.21 0.25+0.47 0.50+0.13
10 b 12.63+1.50 14.93+1.52 16.25+3.23
L 69.03=1.31 74.11£2.08 71.71£5.69
E-T a 0.68£0.45 0.26+0.26 0.55+0.23
b 15.53+0.49 15.07+0.72 15.56+0.32
L 67.89+1.23 74.83+3.24 72.53%0.23
Con a 1.22+0.21 0.97£1.18 2.31+£0.11
b 12.63£1.50 16.90+5.83 21.12+3.25
0 L 70.37+0.41 70.38+0.83 75.82+0.99
E-T a 0.92£0.51 1.39£0.23 -0.33+£0.22
b 13.69+0.94 14.77+0.55 17.98+2.24
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Drip loss (%) = {A . (B + C)} / (A . C) x 100
A 2HE FHY AR F T (9
B: 2% /Me & FEdS AAS 9 AnsH (9
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3) 4wk A=
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Aol = AaA (Chromameter, CR20, Minolta Co., Tokyo, Japan)E& AM&3te] 2z g
Z79 w2l Lzk(lightness),at(redness) % bgk(yellowness)S A3t th oWl standard
plate®] L, a, bate 77k 97.22, -0.02, 1950191tk

=

Rl

+

A 2

A2ke] pHE %271 5999 2.1 ﬂﬂ Fo% 6.04~6.11 FFoZ A
o] A &kttt Aav] I A F 549~555 FEo R Ay A7k & WHIlE YE A &ttt
(Fig. 87).
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Potato Beef

Fig. 87. pH of potato and beef with different freezing and thawing.
GF-GT: general thawing after general freezing, EF-GT: general thawing after
electrostatic freezing, GF-ET: electrostatic thawing after general freezing, EF-ET:

electrostatic thawing after electrostatic freezing.

Potato Beef

Fig. 88. Driploss rate of potato and beef with different freezing and thawing.
GF-GT: general thawing after general freezing, EF-GT: general thawing after
electrostatic freezing, GF-ET: electrostatic thawing after general freezing, EF-ET:

electrostatic thawing after electrostatic freezing.
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e 2 We 2ol wE xiel 2avie] M= A Table 4891 Yel vk 7Hate]
%71 L, a, bt 68.07, 3.77, 129302 Yeuth W5 ¥ 15417 dls3t & AMes SA3 4
7 Lot A9 GF-GT7F 44.030.2 A5 7F2d 7H4 @& 3e el age 27]
3.7701%1 % T 154720775502 N = 2788 Jegudd. AEge] 7 e A
2 GF-GTAE T2 EF-ET A2 16.829] #]3] 100142 #o]& Yehdtt

Table 48. Color value of potato with different freezing and thawing

Color value

Treatment
L a b AE

Raw 68.07+1.10 3.77+1.51 12.93£0.15 -
GF-GT 44.03+1.62 16.40+2.62 13.00+4.62 27.15
EF-GT 56.83%0.81 15.47+0.40 17.37+2.00 16.81
GF-ET 52.83+3.66 21.77+£1.02 13.87+2.78 23.60
EF-ET 58.30£2.00 17.40+0.71 11.63+0.55 16.82

23718 A% L a b g2 3933, 2827 B 9.23°lH & F L3S 37.63~43.33, ait
28.10~3240 % by 857~11.50 < YEURT AE @2 GF-GTAHIT7} 7V =2

e deppem 49713 HES 3 GR-ET 2 EF-ETA 277} 203~237 #5202 v
4 e 22g e,

Table 49. Color value of beef with different freezing and thawing

Color value

Treatment

L a b AE
Raw 39.33+2.41 28.27+2.37 9.23+1.39 -
GF-GT 40.83+3.18 32.40+1.20 8.63+1.16 4.44
EF-GT 43.33+3.61 29.27+3.76 8.57+1.06 4.18
GF-ET 37.63%1.31 28.37+1.20 10.33£1.45 2.03
EF-ET 40.00+4.94 28.10+0.30 11.50+0.36 2.37
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Fig. 89. TBA and VBN of beef with different freezing and thawing.

23719 TBAZES %71 0.17 mgMA/kg FFollon dnk sfsA] 4

~0.36 mgMA/kg o2 A7 52 0.26~0.29 mgMA/kg ol

e 2 oH(Fig. 89).
Ao 27 wAESE 381 log CFU/gTwollen sle3e mAEL 308~4.20 log
CFU/g &+< Yetlidoh dubdQl slsH A2l 7t 420~445 log CFU/g o2 A A7
A alsy AYT 3.08~4.12 log CFU/g 3ol Hl8] tha =2 £55 YeugdAst 2 w3l
2 YehiA gt A3l AS 27 mAESE 506 log CFU/g Fxo2 it a5 A
2l 517~5.71 log CFU/g F3&d Hl3] BH71% e+ 478~508 log CFU/g

i ke £7S JE AT (Fig. 90).
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Potato Beef

Fig. 90. Microbiology of beef and potato with different freezing and thawing.
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9. A7 F=AUAY YA F=o mE F2 W3

7k A
WA AEA 2A el r]dske] AREsETE Al ~10RelM s et
5Tl 15A17F slsstel Aw ZAMstdrt. WeA Adzd2 oduA Zdx 0V,
o 24X Wedh & oAk i A7 A

Fig. 91. Freezing temperature in potato according to freezing conditions.
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Fig. 93. Driploss of potato with different freezing and thawing.
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Table 50. Color value of potato with different freezing and thawing.

Treat GT ET
ments  ime L a b L a b
initial 0 669+08  16.0+04  135+1.8

62.2£0.8 7.9£0.1 16.6+0.0 61.8£0.6 14.8+0.7 6.8£1.8
63.3t4.2 7.3£0.1 17.7+0.9 64.3£2.5 14.1+0.4 12.0+0.1

’ 62.3+1.8 11.220.0 18.8+1.2 61.8+3.0 12.6+4.5 185+5.4
15 55.0+2.8 13.3£0.4 15.5%0.5 64.9+1.1 8.8+0.1 17.4%0.1

63.0+3.4 7.4+1.8 15.8+1.1 63.7+0.8 13.0£1.3 11504

500V 62.3+1.8 7.8+1.6 16.8+3.1 66.4+2.0 6.4+0.0 13.7£14
56.8+3.7 13.0£1.3 17.7£2.1 65.2+3.3 6.5+1.2 11.6%0.8

15 bh3.2+1.7 17.5+0.4 19.0+1.3 53.4+0.5 14.9+0.2 22.1+1.4

58.5+4.7 13.4+0.7 12.7£3.0 64.6+1.8 12504 13.8£1.0

3000V 65.8+1.7 8.9+0.7 18.1+0.4 65.244.3 10.4£1.2 9.3+1.6
58.2+1.2 14.2+0.4 19.2+0.8 62.9+1.3 85+1.1 17.0+0.7

15 46.9+0.6 20.7+1.2 20.4+1.6 59.6+0.2 13.5+0.7 16.8+0.6

60.4+5.8 20.8+5.4 10.9£1.9 61.9+2.3 14.7+0.1 14.5+0.3

000V 63.6%1.8 10.7+0.2 15.0£0.8 62.4£2.8 12.842.2 16.8+2.5
9 56.7+0.2 16.7£0.8 21.4+1.6 60.0+1.0 10.4£0.6 17.4%0.1

15 49.7+2.0 15224 14.4+5.6 53.3+0.8 12.6£1.9 20.8+1.4

3 58.2+2.1 13.1£0.1 9.55+0.4 61.3+0.0 12704 9.7+2.6

000V 6 64.6+1.8 6.8+3.3 13.9%45 57.4%2.1 9.7+0.1 12.2+1.8
9 63.2£1.8 9.2+0.8 14.2+2.1 57.2+0.1 10.4+0.7 15.5+0.7

15 58.0+3.0 13.9£4.5 14.4£2.5 51.8+0.3 21.4+0.5 20.9+0.7
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10. A& Al2=d =

A
il
o,
o
)
rl U
o%
offl
N
)
M,
i
i
E
ot

nih

7]._ Al & H]—\?ﬂj

o

d

D a9 MAE

NBE 212 10 ¢ B H3 3 ddd 0.85% saline &40 7 108 323t stomacher
(Bagmixer R400, interscience, Saint Nom, France)Z &3} 3 & oA 34ste] 2gs 2
Atk Algge 2 7 aA g 1 mLAS Eit HEHA N FiHoR F3te] agar
= o 15 mLE #53}9] pouring culture method® HE3 thg UukAFS 35 + 1TColA
24748A)1 7 vl 9¥3Ete] colony S =43} colony forming unit(CFU/g) o 2 FA|3FATh Ao
AREE w A= LubAlere] 9 plate count agar(Difco, Detroit, MI, USA)S A}-83}%1

2

_

2) TBA (thiobarbituric acid) value &%

A S Gl TBAGE ST 5 10 g And A8 dohas
$18ke] BHA 50 ng #7F ¥ 20% TCAE9 25 mLS #7bshe] 283F
3lal volumetric flaskel 2ol THFE 50 mLo] A sttt o] H#d3EE EE50F v
oA (Watman No.l, Japan)Z A7 & o3t F 3 mLES 3l test tubeol 231 0.005
M 2-thiobarbituric acid 3 mL& ¥ & &3 & A2nolA 15A17F &< A2+

530 nme] TP LA =AHsIE )

Hm
=
S .
<
5
(e}
it
<
i
ot

o
o
©,

3) VBN (volatile basic nitrogen) value =74

g RaleE YEll = VBN#E Conway unit® 4 s} =
S 5 g8 FHF 45 mLES 7Fske] 14,000 rpmell A 5E3F wAEE F o gAAS
(Watman No.1)®Z o3 A7l & ool F 1 mLS FH3] Conway unite] <
0005 N HoSOs 1 mLES ¥ § wg F4& 22 & 94 23} KoCO3 1 mLE& ¥l vt=
ddstddet. &7l FHo= 3)ldste] A sample?t KoCOs7b 4olAl g F 25T
incubatorell Al 60 &3t &3t Al AT 4SS A EHA i HoSOs0 0.01 N NaOH=E 4l <

SIEELY

4) =HE

AN ZE 15x15%x15 mmE ZekA] polyethylene bagoll ¥ol D&E3d & 74zbo] A G mo A A
A A ZE A7k wrel Adlo] 4T A 12A17F Bk Haste] 153 3 T FAE =
A3tAT Drip loss®= 955 S&Fo] digh o= slo] Mg g= A&t

Drip loss (%) ={A . B +C)} / (A .C) x 100
A XFE AHe AR F T (g)
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AdS 5 g& YA Ljoi 70C water batholl Al 307t 7FEetar sk £ 1,000
pm, 20ColA 1083 YR & RUE $5FS AL, FFRFL FYske]l ok ¥4

of thiste] AzkstAtt

ofp

B (%)= {1- (298 FEZFmD*0951/F & 2F(g)}x100

6) =9

o O

Nl

9 AL Fom 5(12)¢] phenol-sulfuric acid¥S o]&3te] =43}

HE Az 5 AR 1 gs 10 mL SFFE 7hste] 42 5 314" &9 05 mLE test
tubed] Hil 5% H=EA 1 mL ¥ 95% 34 5 mLE #H7Fste] A=A 30
microplate reader (Bio-rad, Hercules, CA, USA)E o] &3] 470 nmoA FTHE=E
ATELR glucoseE AFE3FA AL glucose ¥ 241 (y=3.5773x+0.0023, R2=0.9934)

TG FEFSE Tt 9 FHFS meg/glE eIt

J[N'

S
Aol FAL M (Chromameter, CR20, Minolta Co., Tokyo, Japan)& A}Mg-3le] 3]
Z7e) w2} Lit(lightness),agt(redness) 2 bgk(vellowness)s S4slH 3, AwHAQl Az AE
= ofg] oz Yeldth olu standard plate®] L, a, bat2 217t 97.22, -0.02, 1.950] At}
ofef 2l S o]g3le] ZW = (browning index, BI)E A4}l o}

BI 100(x-0.31)
= 0.17

_ a+1.75L
X 5.6451+a-3.012b

8) 24w

Hendel 5(10)9] WHel wel 5 g9 ARE AFHSL 10 mL SF52 10% Tri-chloro
acetic acid €9 25 mLE 7}slo] A-2oA 2417 &3 g 948 2](4,000x%g, 10 min)3}<]
458 B3 7] (CM-3600d,Minolta Co) = 420 nmel A F3 %8 =4},

o 1=

9) PPO(polyphenol oxidase) &4
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225 gol 0.1 M2 A4k &8N (pH 65 10 mLE 7t BAHZ 173 vpgk &

zaadoz ST PPO AHE

Oszmiansk@r L eoﬂ ot AgihHe] Falglow, 728N (1 mM chlorogenic acid) 8 mL°ﬂ
L& 7Fsta 30T &

1 % 420 nmoll 4] —E—ﬁ ==
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10) FAFAA AW 2 (SEM) #2S B3 =438t4 #4

Azeol dA FEQE Goldpolladium®E Ion sputter(C1010 Hitachi, Japan)E ©]-&3}o
Coating 3ttt FAFHA A& U] 7 (Scanning  Electron Microscope S2380N, Hitachi, Tokyo,
Japan)S o]§3te] A5 T vAlFRE B7] st 7] Alme] HEg wjg= HA st
of LER AT

Ra7]= s Ad A4 mrECdAN st We Adds AAlsiAn olu FHT A
AqUA ZreE gdefstd o oju oA ZAx== 0, 3,000V, 7,000VeE sttt o] o R
5 A -20CA 6704 AFsdA pH, "=,

o
)
%
ot
o
&3
2
%
}ﬂ
uko

Z7] &ai71e] pH #2 549%em olyA A= delsto] Agd A fo= 532~549%
Z WEE HolA &t AFVI % SUlske e UEh e A% 47fdA 571~
581 &< YEFWH At (Table 51).

YA ZES D@ UF Hurle SPES WEF AF 293~356%A0m AF7zre] A

ol wheh Z7behs A@e Gtk 58 A% 694 SYES 505~780%%E FhehE

Age wdth duA ZEe B SUEE A% 94N 2 WeE nolx At 4% 6
7

N
-
e
3
=~
(@)
o
(e)

v A ol wlal] e FES BAT F Atk WEAE
&%, Agend me Fde) ol wol AVM, AgeRd ANt F AT PEH A%
o WMBom xAY £4e BE =Y BHow AW SR PaE FRe| Auis xxy
2 Wojzme A Hrk(Fig. 94)

=177 -



Table 51. Changes of pH in beef treated with different wavelength during storage at -20TC.

Storage time (month)

Treatments
0 2 4 6
raw 5.49+0.02
Con 5.45+0.29 5.50+0.05 5.76+0.00 5.81+0.01
3000V 5.32+0.10 5.50£0.04 5.76+0.01 5.71+0.01
7000V 5.49+0.03 5.51+0.00 5.73+0.04 5.80+0.00

raw: initial beef, Con: -20C storage after general freezer, 3000V: -20TC storage after
electrostatic freezer in 3000V length wave, 7000V: -20C storage after electrostatic freezer

in 7000V length wave.

Fig. 94. Changes of drip loss in beef treated with different wavelength during storage at
-20C. Con: -20C storage after general freezer, 3000V: -20C storage after electrostatic
freezer in 3000V length wave, 7000V: -20C storage after electrostatic freezer in 7000V

length wave.

oA g dElste] W T AFS £
Hom A 4MEA 67.99~7011% T2
7_(]'0]}\_; L}'E]'L]'X] m»}‘jr(Flg 95)

et

F WesAdF 6721~71.16% T

chehiI ek, shA R A 2] 5 7

o b

a7le] g
= 33

Fd

ot
o
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Fig. 95. Changes of moisture content and water holding capacity in beef treated with
different wavelength during storage at -20C. Con: -20C storage after general freezer,
3000V: -20C storage after electrostatic freezer in 3000V length wave, 7000V: -20C storage

after electrostatic freezer in 7000V length wave.

gtol & AdoA x5 AQsta A A o] FF
= Ao® A9 & F A}k A idA gz VBN S 1051 mgkTaolorn
7000V Ao Feke]l 7bF v Aow uehEth A 7|zte] Aol wel VBN ko]
S7hstA=l o= Har] W JEA9 WAE odte] & "l Hoe] ofniito R RaE
Ag71zke] F7hskel wel ol A Eape] Frid A I E o
2 Bojx, ojgkgo] VBN a7 #4 &4 715

MiE AE 9 Sl dste] VBN @S 20 mg%= F43kal Ath

o
Ho
D)
ol
O
&
>
2
oz
i
Ho
D)
ol
o
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Fig. 96. Changes of VBN in beef treated with different wavelength during storage at -2
0C. Con: -20C storage after general freezer, 3,000V: -20C storage after electrostatic
freezer in 3,000V length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V

length wave.

Uz ZAxg & Yt 7)o 7] TBAE 0.12 mgMA/kg Fxoldon Ws A%
0.17~0.24 mgMA/kgo. = Yttt A7|3te] g5 Frhsts 43S Baow A% 270
A x2T= 0.25 mgMA/kg 5 YERH wHE 7000V A2 = 0.16 mgMA/kg o2 e}
Wth TBAZES A Wabo]l E&x o] A7l peroxide hydroperoxide H3HA|7F x| ¥ Ab3be] u}z}
alcohol, ketones, aldehides 52| carbonyl compounds ¢ 3t<l MDA} A %o TBAS
H3-ste] PA W Ao S SAHI Aoz MDAE AHHFHE At o] AXAEE
HAst= A2 A ok A 6719 0.40~0.46 mgMA/kg o2 Z7]o v 0.2
mgMA/kgel’dol S7F F5& HErAom tixTo vs) A 5-52 TBAZol A Yeyt
oH(Fig. 97).

S B B = of W& Add Agree ds T o

e dvh 2719 Halr] Ftar= 241 log CFU/g —’F%O]‘Rigfﬂ Y5 Ae A5 202~
2.80 log CFU/g =S =2 7000 V. Ag77F 7Hd v 55 Uetddd. A7 sk 2
HAsHE YERRA ok

U ZAEE galde WE Hud Ay TESe d4S AAA|E Table 539 YELY Q)

W e A% A A4 A7) 4715~5061 m=z HET7F 2 Aoz yehgen A tE
Zhel & ApolE WolA Fhow AA7|7te] AH}sE A7|% Frkste A oR UEtEth A
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F 209A olF ETe AYTED A Aol o AF 6AAA RETE
10893 mm Fwo= 7HE & Foo BYon 7000V A+ 76.05 m=E b e AnE

LRSS

Fig. 97. Changes of TBA in beef treated with different wavelength during storage at
-20C. Con: 20T storage after general freezer, 3,000V: -20C storage after electrostatic
freezer in 3,000V length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V

length wave.

Table 52. Changes of microbial count in beef treated with different wavelength during

storage at —20TC.
(Unit: Log CFU/g)

Storage time (month)

Treatments
0 2 4 6
raw 2.41+0.09
Con 2.80+0.09 2.85+0.00 2.85+0.03 2.81+0.14
3000V 2.65+0.01 2.82+0.05 2.84+0.03 2.70+0.08
7000V 2.02+0.03 2.41+0.41 2.47+0.18 2.64+0.01

Con: -20TC storage after general freezer, 3,000V: -20C storage after electrostatic freezer in
3,000V length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V length

wave.
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Table 53. Ice crystal size of beef treated with different wavelength during storage at -2
0C.

( Unit: /m)
Storage time (month)
Treatments
0 2 4 6
Con 50.61+11.57 74.22+15.65 90.43+9.31 108.93+13.48
3000V 47.39£10.23 66.14+8.27 70.22£11.75 85.20£13.77
7000V 47.15£8.22 67.20+4.33 73.15+14.44 76.05+11.82

Con: -20TC storage after general freezer, 3,000V: -20C storage after electrostatic freezer in
3,000V length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V length

wave.

- 182 -



Treatments

Con 3000V 7000V
0

x50 x50 x50
%100 x100 x100

2
x50 x50 x50
x100 x100 x100

4
x50 x50
%100 x100 %100

6
x50 x50 x50
x100 x100 x100

Fig. 95. SEM(Scanning electron microscope) analysis of beef treated with different
wavelength during storage at —20C. Con: -20C storage after general freezer, 3,000V: -20C
storage after electrostatic freezer in 3000V length wave, 7,000V: -20C storage after
electrostatic freezer in 7,000V length wave.
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A ZEE GElste] We A 2arje AMERstE Table 549 YeEb At 27] A
L= L, a, bte]l 747t 3557, 36109 31302 YEYTH WEsAHE A% agte & FOoE i
o b e Z o= FUHSIATE ARV St E Lt & WstE WA ekoke
o agte #Aadte AFE bEe T7eE &S el 2710 vlE WE A A5 a
E#t& 1379~1489 o2 Yeuth. Ad7|te] A5 AERE 3 F7tste]l A% 6714

A 1856~21.49 = YERH A
AE#S 1662, 17492 YHERSL

Table 54. Changes of color value in beef treated with different wavelength during storage

A ANLA 2T9 AEFS 223624 H

& Ael 7ol

at —20C.
Storage Color value
time Treatments

(month) L a b AR

raw 35.57+1.57 36.10+5.19 3.13£1.86 -
Con 34.30+2.43 22.77+x1.07 9.63+%0.3 14.89
0 3,000V 31.83+0.68 24.90+1.11 11.87+0.49 14.68
7,000V 34.30+1.10 25.40+2.20 11.73+0.95 13.79
Con 32.33+1.54 21.43+0.83 9.17+0.85 16.19
2 3,000V 30.20+0.69 20.47+1.19 8.87++0.5 17.49
7,000V 29.83+0.60 23.47+1.77 9.43+0.40 15.24
Con 31.17+1.72 14.57£6.33 8.77+1.66 22.69
4 3,000V 30.20+2.76 21.80£2.30 8.70+2.12 16.26
7,000V 31.27+1.84 20.43%1.66 9.60+1.22 17.49
Con 35.90+1.30 20.10+0.30 12.53+1.08 18.56
6 3,000V 41.73£1.18 17.53+1.57 12.03+1.46 21.49
7,000V 35.53£2.48 19.57+0.23 12.37+0.98 18.94

Con: -20C storage after general freezer, 3,000V: -20C storage after electrostatic freezer in
3,000V length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V length

wave.
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Treatments
Con 3000V 7000V

Fig. 96. Picture of beef treated with different wavelength during storage at -20C. Con: -2
0C storage after general freezer, 3,000V: -20C storage after electrostatic freezer in 3,000V

length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V length wave.
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Table 55. Changes of pH in potato treated with different condition during storage at -20C

Storage time (month)

Treatments
0 2 4 6

raw 6.12£0.04

Con 6.16+0.04 6.15+0.04 6.28+0.04 5.94+0.03
Nonprehea
ted 3,000V 6.08+0.01 6.07£0.05 6.17£0.02 5.82£0.07
e

7,000V 6.13+0.02 6.21+0.06 6.22+0.00 5.93+0.02
Con 6.11+0.08 6.04+0.01 6.23+0.05 5.90+0.02
Preheated 3,000V 6.16£0.01 6.03£0.04 6.24£0.01 5.83£0.11
7,000V 6.15+0.04 6.14£0.04 6.26+0.01 5.82+0.04

Con: -20C storage after general freezer, 3,000V: -20C storage after electrostatic freezer in

3000V length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V length wave.

Ws ate] =gES 156x16x15 mme AR5 4TolA 15413 sd & S8s9oH o
A s oA 2 w2 1007~1316% Fos BAoW A3 52 666~729% T
& UEtlol A7 EHE i 237 e AR yEut AR A 230
dARRel S7kek= A dHEhSl A7 o7 dEF AR 4MEA dxzot
2l 10.94~1151% FEoz veiy A7l e] A7t o

7ol vs) EHEe] des & AU
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Table 56. Changes of drip loss in potato treated with different condition during storage at

-20C
(Unit:%)
Storage time (month)
Treatments
0 2 4 6

Con 10.07+3.16 13.81+0.29 12.63+1.37 19.79+0.09

Nonprehe
ted 3,000V 13.16+0.33 12.33+3.09 11.51+0.82 17.89+0.44

ate

7,000V 11.22+1.96 12.84+2.71 10.94+2.03 14.94+0.80
Con 6.66+0.79 9.29+2.81 9.24+0.52 9.53+1.39
Preheated 3,000V 7.29+1.25 8.92+1.40 R.78+1.89 8.61+0.65
7,000V 7.12+0.92 9.99+1.23 871+1.41 7.81+0.02

Con: -20C storage after general freezer, 3,000V: -20C storage after electrostatic freezer in
3,000V length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V length wave.
YE Ao & 7Hx}e] AW E= Table 573’Jr 2o Yz
~0.072 unit/g << HERS
A e el vl

HJR
_>.1Lv‘
Ac

ARk T8 AETA A 5 EAEE G T 000V Ael Tl 3

2 WstE wolx @gtovt haETE A% 6ARA 2o v o A% FosE 4P
& Uehilnh 99 O B¢ APl ARB4E TURS FARE 4FS vehy
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Table 57. Changes of browning index in potato treated with different condition during

storage at -20C

Storage time (month)

Treatments
0 2 4 6

Con 0.061+0.002 0.079+0.002 0.096+0.024 0.113+£0.005

Nonprehe
ted 3,000V 0.066£0.014 0.076+0.013 0.070£0.002 0.071£0.006

ate

7,000V 0.072+0.002 0.064+0.010 0.063+0.018 0.069+0.005
Con 0.044+0.003 0.053+0.004 0.050+0.004 0.054+0.002
Preheated 3,000V 0.034+0.001 0.051+0.013 0.050+0.001 0.056+0.008
7,000V 0.034£0.000 0.049+0.000 0.044£0.004 0.055+0.004

Con: -20C storage after general freezer, 3,000V: -20C storage after electrostatic freezer in

3,000V length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V length wave.

W g wE 7FxF9] PPO(polyphenol oxidase) &4 Table 583 #Zt}h. %7] 7HA}e
PPO &4 Z7]°] 0.02 unit/g FFolAew dsAg A% 29 PPO €42 0.0670.11
unit/g FEoE IAAYE I Lw(0.0670.08)°] EHYE A ¥ 1w(0.10~0.1Del Hlaf
< T8 HEATL PPO &2 Aol #AIgle]l AA7|te] ARdrE Frlele A
S BHom dAgeA 2 159 dxTE A LA F Fo2 FUEteE AEFS B4
al 3,000Ver 7,000V Aol B A% 6/hEA & o g Frbste s WElAT A%
A0EA dzxz7e] PPO €42 030 unit/g FolRew A< PPO €42 0.14~0.
unit/g F+o 2 UERYth PPOE PAL(phenylalanin ammonia lyase)®} t&o] 4% 2y
FE frEste] Ao FH 4TS F 5 AdvE &<2lolth PPOE FElE st dE &4
24 A= vy =9 Wapdst vhES st Aol A HAR dojue diAF &
€2 PALY 24z o2 dlEsiddEe] AAdHL, AAE dH= sg=c] PPOY 7[HA=E ZH&

shol Awdolt} v FWS FAOE AWAYS ok
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Table 58. Changes of PPO in potato treated with different condition during storage at -2
0cC

Storage time (month)

Treatments
0 2 4 6

raw 0.02£0.00

Con 0.11+0.00 0.13+0.04 0.30+0.04 0.34+0.13
Nonprehe
ted 3,000V 0.10+0.00 0.19+0.08 0.15+0.01 0.44+0.05
ate

7,000V 0.10+0.00 0.10+0.05 0.14+0.01 0.23+0.03
Con 0.08+0.00 0.09+0.02 0.11+0.04 0.19+0.00
Preheated 3,000V 0.07£0.00 0.09+0.01 0.17+£0.07 0.16+£0.05
7,000V 0.06+0.00 0.06+0.00 0.10+£0.02 0.10+0.03

Con: -20C storage after general freezer, 3,000V: -20C storage after electrostatic freezer in

3,000V length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V length wave.

Treatments
Con 3,000V 7,000V

Nonprehea
ted

Preheated

Fig. 97. Picture of potato treated with different condition. Con: -20C storage after general
freezer, 3,000V: -20C storage after electrostatic freezer in 3,000V length wave, 7,000V: -2

0C storage after electrostatic freezer in 7,000V length wave.
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Table 59. Changes of total sugars in potato treated with different condition during storage
at —20C
(Unit: mg/g)

Storage time (month)

Treatments 0 5 1 6

raw 71.01£0.16

Con 39.37+2.74 32.48+1.78 25.96+1.18 23.85+1.14
Nonprehea

3,000V 39.03£3.42 29.89+1.20 33.01£0.56 24.41+4.16
ted 7,000V 42.45%4.15 45.84+3.52 28.08+7.44 19.81+0.20
Con 38.22+2.36 29.29+0.17 30.40+4.44 20.89+0.17
Preheated 3,000V 44.05%4.40 33.07£4.98 34.07+3.70 24.02+0.52
7,000V 47.06+0.93 33.38+0.67 33.22£2.96 36.93+1.90

Con: -20C storage after general freezer, 3,000V: -20C storage after electrostatic freezer in

3,000V length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V length wave.

el 271 mAdE FES 208 log CFU/g ¢ Aoz yewd. ¥exe A5 1.3~
268 log CFU/g o2 Ag 5 gt & Aol& Holx kskth. A7t &<t M3} &3t

& WstE HolA &%k

Table 60. Changes of microbial counts in potato treated with different condition during
storage at -20C
(Unit: Log cfu/g)

Storage time (month)

Treatments
0 2 4 6

raw 2.08+0.31

Con 2.38+0.09 2.45+0.02 2.38+0.09 2.04+0.00
Nonprehea

ted 3,000V 1.90+0.00 2.41+0.00 2.68£0.01 2.15+0.11
€ 7,000V 2.63+0.01 1.28+0.03 1.30+0.00 1.84+0.09
Con 1.15+0.21 1.15+0.21 1.84+0.09 2.21+0.13
Preheated 3,000V 1.30+0.00 1.54£0.09 1.15£0.21 2.00+0.06
7,000V 1.60+0.00 1.39+0.12 1.60%0.00 1.87+0.04

Con: -20C storage after general freezer, 3,000V: -20C storage after electrostatic freezer in

3,000V length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V length wave.
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Table 61. Changes of color value in potato treated with different condition during storage

at -20C

Storage Color value
time Treatments

(month) L a b AR

raw 69.33+1.94 1.92+0.34 16.58+£0.95
Con 67.73+2.71 8.30+0.87 20.20+0.85 7.51
0 3,000V 67.89+3.68 7.87£1.10 18.30+0.10 6.35
7,000V 69.47+5.75 3.90+1.93 16.07+0.57 2.05
Con 54.17+1.53 19.57+0.76 25.53+0.84 24.93
Nonprehea 2 3,000V 65.55+4.30 10.60+2.39 20.20+1.54 10.13
7,000V 57.83+1.01 9.67£0.51 16.70+3.33 13.87
ted Con 53.70+1.97 15.57+2.16 23.20+1.92 21.78
4 3,000V 55.47+0.90 13.13+2.12 21.07+1.76 18.39
7,000V 63.53+3.95 12.47£3.35 21.87+2.20 13.15
Con 43.67+0.38 7.37+0.32 12.57+0.31 26.54
6 3,000V 50.9316.81 9.07+1.63 17.03+4.21 19.74
7,000V 59.83+6.49 7.50+0.36 17.30+1.20 11.04

raw 65.06£1.12 1.36£0.47 17.38+1.47
Con 70.83+£0.93 1.40+0.44 14.73+3.76 6.35
3,000V 68.13+£2.72 1.07+0.32 14.70+1.73 4.09
7,000V 69.97+3.59 1.43+0.15 15.87=0.90 5.14
Con 68.80+£0.26 1.20+0.26 15.29+0.55 4.29
3,000V 66.10+4.88 1.13£0.25 14.43+1.15 3.13
Preheated 7,000V 70.40+1.40 1.03+0.23 13.13+2.69 6.83
Con 64.8716.61 2.60+3.61 19.03+2.01 2.08
3,000V 71.00£1.15 0.97£1.16 14.13+0.47 6.78
7,000V 62.87+2.00 0.33+0.51 10.50+0.95 7.29
Con 69.10+3.91 2.73€1.55 16.33£2.71 4.40
3,000V 63.97+£2.10 2.713+1.55 16.33+2.71 2.04
7,000V 67.97+2.49 0.73+0.12 16.37+2.17 3.14

Con: -20C storage after general freezer, 3,000V: -20C storage after electrostatic freezer in

3,000V length wave, 7,000V: -20C storage after electrostatic freezer in 7,000V length wave.

- 191 -



11. 347 +% AU B&F A& N B7|AF T Har]e 293

Havls s e a2A mEddA st We HddS Al s FAd7I
ol oAiA A& 7,000V =8k 20T Wealet At g arel] 7z AsiuA FEES

2) TBA (thiobarbituric acid) value =%

Aol Abl=E yUBtlle= TBA#ZS SAsAT =, 10 g9 Algol AT AsphiAE
#1sted BHA 50 pg #7F $ 20% TCAEH 25 mLS H7bsto] 227F 14000 rpmo. =2 |
33 volumetric flaskoll 2ol T/F 42 50 mLo] A dth ol& ddse= 5o+ o
o2 (Watman No.l, Japan)Z A7 & o3l F 3 mLE 33l test tubeo] 21l
M 2-thiobarbituric acid 3 mLS ¥ # & A2k Aol A 15A17F Ft A s F

530 nme] EF oA =AsFE )

—]ﬂi

%
rob
o

3) VBN (volatile basic nitrogen) value =74

guld Bol &5 el VBN#2 Conway unit® SAst 5 A58 Ed==2 7+ o
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6) FAFAAEW H(SEM) #2385 53 224314 F4

Ageol dA FYE Gold-polladiumeE Ion sputter(C1010 Hitachi, Japan)E ©]-&3d}]
Coating 3ttt FAFAAA Y] 7 (Scanning Electron Microscope S2380N, Hitachi, Tokyo,
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Fig. 100. Changes of moisture content in beef with different storage condition.

GF: general freezer storage, EF: electrostatic freezer storage.
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Fig. 101. Changes of WHC in beef with different storage condition.

GF: general freezer storage, EF: electrostatic freezer storage.

A 7ke] =HELS Fig. 10001 YelY o Az 5o =g ELS 293~3.07%FFo 2
UETH A 4717 59 EUELS thA ZhEte ATS Byon AAVG A AT =9

=

Fo] duk Aol ve) v v AFe Bk

Fig. 102. Changes of Drip loss in beef with different storage condition.

GF: general freezer storage, EF: electrostatic freezer storage.
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< AR H(Fig. 103).

Fig. 103. Changes of VBN in beef with different storage condition.

GF: general freezer storage, EF: electrostatic freezer storage

Ws AgdS 2179 TBA #2 0.19~0.26 mgMA/kge 2 EF A< TBA 3ol GF
Aol vlE e FEs Bk ARV w9 SUtst o A% 67iE Aol = EF A9
9t GF Ag++ 247 043, 046 mgMA/kg 522 EF Ag77 ¥ $5% #4890

(Fig. 104).

Fig. 104. Changes of TBA in beef with different storage condition.

GF: general freezer storage, EF: electrostatic freezer storage.
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Table 62. Ice crystal size of beef treated with different wavelength during storage at -2

0cC.
( Unit: gm)
Storage time (month)
Treatments
0 2 4 6
GF 50.61+11.57 74.22+15.65 90.43+9.31 108.93+13.48
EF 47.15+8.22 64.93£8.10 069.78+12.45 77521824

GF: general freezer storage, EF: electrostatic freezer storage.
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Storage period Treatments

(Month) GF EF
0 x50 x50
x100 x100
2 x50 x50
%100 x100

4
x50
a0 <100
6 x50 x50
%100 x100

Fig. 105. SEM(Scanning electron microscope) analysis of beef treated with different
wavelength during storage at —20C. GF: general freezer storage, EF: electrostatic freezer

storage.
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THAWING QUALITY OF POTATOES
- Author: Jin-Woong Jeong £ 29I

- Poster Session Title: Food Processing

Abstract

Freezing is one of the most widely used storage technologies. During thawing, a freezing

method has a significant impact on the quality. In order to improve the quality of frozen

potato products, the potatoes were frozen using two methods, 7,000V high-voltage

electrostatic field freezing (EFT) and air blast freezing (Control), and then they were

thawed at room temperature using a thermostat. Changes in the physicochemical properties

of the potatoes were investigated in terms of drip loss, surface color, antioxidant activity,

browning index and total bacteria counts. The drip loss of the potatoes which had

undergone EFT was significantly lower than the other group. Also, total amount of

phenolics and antioxidant activities were the highest at 1096 and 2.8%, respectively for the

control group. Also, EFT revealed a browning index of 0.1398, decreased by about 36% as

compared to the control. Delta L and E values of thawing potatoes were 4.75 and 7.12,

respectively, showing about 2.63 and 2.45 times lower than those of the control. The

microbial counts ranged from 1.82 Log cfu/g to 2.03 Log cfu/g. These results suggested

that the electrostatic field freezing treatment in the freezing system was more effective to

improve the quality of frozen products for consumers.
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