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22 v g 9k (Millimeter wave ; MMW)¥ 30~300GHz @9l FuS waly Fu14:4]
w2} AlEstsle] WAL Eysta o FH2de  ZE v HIE uwpo]eufo]l a2}
(biomicrowave) =% &3 QJr}. 219 wlo|m 2 n &8-S 300MHz2F 300GHzAFol 9] 3
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Ao A MFHAT ofv] BE Fio] A¢st HUrh o] W] HEH ForE A BA w

A ZF gyt 2534 o2 =2 915 + 256MHz¢F 2450+ 50MHzE ®o] AF&3a 9
o FuE AAAl, s, o] 24 (industrial, scientific, andmedical USE—ISM frequency)

& 938l Federal Communications Commission(FCC)ell 9J&ll wigdEth 1 &< AAHe = 4
B &7 AEEeE Ui, EaEo stou A HIE o] &3 AF 7hee W
M obA Ik ATtstaL, JiFEoF & o] glo] Hol 7] wiEeol AEY HEwEu fof
v s 27IdAR e o] oyt ankE wee] 2% LokellA HWEmE g F&e A
= 7= Ava sl 53] AF3E okl A mlola R Thee] 8E e 99 =
Zhol e W2 Holn oF PP wE He TR oR Agste] dHenyg vhes o
L 84 A e T Aotk

2% A Al ArFe FLF Elﬂr 7F3k oxidase, phenolase, peroxidase &< 3t A
F T 5o A8o R 43l WA Eoo] gofo]l AstET] A9 AMAF AF T A AT
A7 Tﬂﬁ(Rhlzopusmgrlcans)ol Agste] FARAEAE ARELH S

=}
(Ceratostomellafimbriata)ol] ¢]&] W # do] A7 Fu7t 1gdy. JAFE W
F BastH S50 i EE of AFY F AS A Fo; Rl WY SR A
T @ et AR 5 Favb AdEd. ey MMWE o] &3t ATl s e
HA ok h g Fa QA AtslaAE How BG4 e dyste 37 B F

Eo]
Fotn AxFol LAl g Yo A% A3

NE AN JIFALE BHE w= AHta)
of A A= 4TS a2 {4 Jhesith 13 Aol Bofste a4 g4 sle)
of W Byt Fol= 2t FEe AaFe e AT & Arh

A& thete] AESHA A4S Holv 3 992 4.11 mm ~ 8.34 mmeo|H, FHH
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SUMMARY

[. Research Title

Millimeter wave application technique research for value addition food processing

industry.

II. Goal achievements Industrial research and purpose preparing

result.

Goal achievement of this research is to applicate seven patents, to register seven
patents and to publish eight SCI papers. Achievement against goal reaches five patent

applications and three SCI paper.
ITII. The purpose and necessity of the research

Millimeter wave refers to the wave that their frequency domains are within
30~300GHz and its names are broken down according to the frequency. Recently,
Millimeter waves are also called as biomicrowave. Their application of food originated
from short wavelength that are absorbed by food material which creates the
vibration—heat. At this time, permitted frequency is different for each country according
to their usage purpose and mainly 915 25MHz and 2450 50MHz are frequently used. The
frequency is assigned by FCC for industrial, scientific, and medical communities.
Throughout the years, numerous application devices are developed for food and their
supplies, but in therms of food processing by millimeter wave still need more research
and many areas are remains to be developed and due to these reasons, it is not too
much to say that millimeter wave 1is still in the early stage. In the future, the
expectation of millimeter wave application in the food sector will be larger. In particular,
areas of food engineering can be applied to the millimeter wave processing of food
technology field is wide and its wide range will be more useful for millimeter wave
processing as single or combination unit.

When storing food, the vegetables contains stronger enzymes that are stronger than
fruits such as oxidase, phenolase, peroxidase and oxidation by the enzyme during storage
1s likely to degrade the nutrients and during the vegetable storage, it can be invaded by
Rhizopusinigricans through the peel’s scratch which causes softening and it also leads to
corruption by Ceratosomellafimbriata. When keeping the vegetables in fridge, it seems it
can be stored longer due to the weaker respiration but bacterias are also breeding well

in fridge’s temperature which leads to soft and corruption. However, when MMW is used,



oxidation enzyme, which is the main factor of discoloration and nutrient’s destruction, can

be specifically altered or disrupted so that its not only makes the vegetables more fresh

and preserve the nutrients but also inhibits the growth of the vegetables bacteria. In

result, freshness can be obtained even with long time storage. In addition, by activating

the enzymes involved in photosynthesis, the freshness and nutrients can be maintained.

The wave length of millimeter wave for activation on micro is 4.11mm ~ 8.34mm.

IV. Research Methods and Scope

[ ] Development of Application Technique for Food processing process

O Millimeter wave technology for sterilization
O Millimeter wave technology for storage and extension of shelf life

O Millimeter wave technology for fermentation

[ ] Establishment of dielectric properties on food composition

O Effect of millimeter wave on temperature, thickness, weight and shape of food

O Effect of millimeter wave on amount of protein, lipid, carbohydrate and water content

of food

O Dielectric properties on frequency of millimeter wave

[] Millimeter wave system construction of food processing

O Development of equipment for millimeter wave generator and control program
O Optimum condition of millimeter wave system on food processing process

O Development of millimeter wave system and industrialization

V. Research Results

1.

In Millimeter wave (MMW) applied rice flour, less than 10°CFU/g contaminated
microbes were detected, indicating MMW is more effective than microwave in
sterilization. When different frequencies (50GHz,70GHz,100GHz) of MMW were
applied to two rice flour groups (the one of 5 to 6 percent in water content and the
other of 11 to 12 percent), 50GHz turned out to be most effective in reducing the

total number of bacteria.

To find the right MMW frequency for sterilization, rice flour, soybean flour and =5
flour were tested. The result showed that exposure to certain MMW frequency ranges
rather increases the number of bacteria while exposure to 50 GHz reduces bacteria in
flours. Further tests with 50 GHz application are needed. When 50 GHz of MMW were

applied to three rice flour groups, each contaminated with Campylobacterjejuni,



Staphylococcus aureus and Bacillus cereus, for different amount of time (0, 30, 60, 90
and 120 seconds), each bacterium represented significantly different responses. Time

wise, 90seconds seemed optimal, considering thermal resistance of packaging.

In order to find the relation between a storage period and bacteria proliferation
depending on packaging, MMW treated rice flour was tested in four different
packaging (general, vacuum, nitrogen gas, carbon dioxide). The result indicated that
bacteria proliferation was least active in carbon dioxide packaging where the number
bacteria was at the level that is consider to be safe. Still, no clear evidence was

found to conclude that the longer the storage period, the more bacteria grow.

. When it comes to the relation between dielectric properties and water content, it 1s
safe to say that dielectric constant and dielectric loss factor increase as the water
content goes up, even though that may be not the case depending on what flours and
frequencies are used. When treated with 70 GHz and 100 GHz of MMW, dielectric
properties and dielectric constant displayed a positive correlation with density. As for
the relations between dielectric properties and sample temperature, a positive

correlation was found between dielectric constant and sample temperature.

. To the optimal MMW frequency of 54.47 GHz and 53 GHz, mushrooms and cabbages
were exposed for different amount of time (0, 30, 60, 300, 900, 1800 seconds) and
stored at four degrees Celsius for seven days. In all MMW treated samples, the
proliferation of E—coli, yeast, mold and micro appeared to be contained. At the same
time, the MMW exposure helped strawberries last longer without mushiness, delayed
cracks of a champignon mushroom, kept cabbages’ weight stable, all indicating that

the MMW exposure enables the subjects last longer as well as their product quality.

. With MMW at 54.67 GHz, Potatoes were treated for different amount of time (0, 30,
60, 300, 900, 1800 seconds) and stored at four degrees Celsius for 28 days (four
weeks). As a result, subdued microbe proliferation and improved texture properties
were observed with time. Meanwhile, to 54.67 GHz of MMW, brown rice was exposed
for different amount of time (0, 30, 60, 300, 900, 1800 seconds) before germination.
The result demonstrated that the MMW exposure enhanced germination rates and

increased physiological activity materials.

. In order to find the relation between MMW exposure and bacteria growth in an effort
to develop selective high efficent fermenteted products of active bactera, MMW at 60
GHz and 70 GHz was applied to two different bacteria’'s (Bacillus subtilis,
Lactobacillus plantarum). The result showed that the MMW exposure did not have a

significant effect on bacteria’s growth.



8.

10.

To figure out what effect MMW exposure has on traditional fermented foods, dairy
products and fermented beverage, 60 GHz and 70 GHz of MMW was applied to the
whole production process of bean pasted soup prepared with ground fermented
soybeans yogurt and rice wine. As a result, the bean pasted soup treated with 60 GHz
of MMW displayed the highest paste while the bean paste soup treated with 70 GHz

of MMW displayed significantly higher amino nitrate nitrogen and amino acid.

MMW was applied to three groups of yogurt, each treated with different starters
(ABY—-3, YF—L812 and YC—X11) during fermentation. The treated yogurt showed
0.51 percent to 0.61 percent of acidity, lower than appropriate levels. The MMW
exposure at any frequency did not seem to have any relation with syneresis and
viscosity of the yogurt. The YC—X11 applied group showed the highest level of lactic
acid while the M70 group showed a significantly lower level of lactic acid. The
ABY—3 applied group did not show any change in amino acid content. As for the
YFE—-1812 treated group, when exposed to 70 GHz of MMW, significant amounts of
amino acid were found. By contrast, for the YC—X11 applied group, when exposed to

70 GHz of MMW, lower levels of amino acid were found.

MMW at 60 GHz(M60) and 70 GHz(M70) was applied to rice wine during
fermentation at 30 degrees Celsius for five days by using two step fermentation.
Acidity remained quite the same not being affected by MMW exposure at any
frequency. The organic acid content went up on the last fifth day in the 70 GHz
treated group. The alcohol content was higher in the MMW applied group than in the
control group at the final stage of fermentation while different frequencies resulted
in different contents. Sugar was significantly higher in the M60 group than in the
M60 and control group, except right after two step fermentation two step
fermentation. A significantly higher reducing sugar content was found in the M60
group. During fermentation, MMW exposure at any frequency did not affect the total

number of bacteria and yeast fungus.
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A 13 4 Millimeter Wave System 7% 2 2]E7}
A&7= ME

3+ 300MHz~300GHz(3+4: Imm~1m) Abo]¢l AFES ZH )M,
22 v] ) sH(millimeter wave)g} o} ¥ vlolmEm &S

N

aFuto] e B0l HFEHHA old gk AF7F & & Fo|tt
21F 9] wlo] A= 1} §-8-2 300MHzel 300GHzARel o] Fatiel A WAt T3] & 34
o Fuprt AF Ed8o FEHUA XEdo] WSt oAl HIEHIUH. o] w FHE&H
FoTe AR FF-o wakA 4 vgwig 254 =21 FE2 915 + 25MHze} 2450+
50MHzE %o Argsta Aok FI5e= 2GAL, FEA, 9 S (ndustrial,  scientific,
andmedical USE-ISM frequency)E <3l Federal Communications Commission(FCCll <]3 i
FEch 0 B AAHOE FHe 8777 AFEOE AL, BFHo] Fout vl Az
g o183 AF J1Be) ZReIME obHE AT, AHslor & o] Fqlol o} U] u)
ol AF9 molmEN Fok= s 2VIGAR slE Hdo] oiynt. InkE Wi o AE &
ofol A whol Azt gl A 7|

Zol $49 5 At v 24e gqe Yo u s
g3to] mlojawst 7hEe HS §84 YA BE F= Aol

A
=< B2¥o] G T WS W 2He vtEEA @ AYoERE jtes HA u
2 & 7t & e AR 29 ol el
i & 7 Stk ol BE
2 Hradiation) ol2tal A3t sHwave) == YAES] FHZE oA E LA
& HolM wigEe e AU
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o 1 o [ '

}
o}

ol

-

EI S do] £ 129 186,282 miles & £EE HA Uty FAlel FAHphoton) 2
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3% 1. Radiation =+

Ionizing Non-Ionizing
X-ray radio waves
gamma ray microwave

cosmic ray infra-red waves

ultra-violet rays

¥ F579| Aold-e ionizing radiatione &9 ZF717F AU olF wiHlsle] 3}etz WAA
To] W3yl do7)™ non-ionizing radiation %9 F7HE 7 oA #Hoh. U< g(radiant
waves)= 159 dAH(wavelength)¥} & F=3}<(frequency of vibration), & 1% &<kl cycle
ol o ERAANNG. &, Fugrr SUMEsE e gokAA Eq. U}O]ﬂiﬂr

(microwave)® 1x°l FHRF W] XF& oA Hm =3 ml$ & Fi5E 24 d@o. o
A dEu g o Fe 4-E 7HAA "Joh mfe] AR S| YA & nlo] AR 9| Fub
oA HFEHAA Az o }X].Tl do] £e2 FARIT o3k HAd A ofH =Ho]
nto| 23S F43HA H o2 Yetiodn Aol Aol dojAE el 9
f =do =4, 553 A4z 2 AdE volA, AAE 87ste Adoly B
of 7FgA 7FgsiA AES e < T FAHoA e A
7193 ARE 5Ho=E st FAol Atk JMES St WHOEZE FRU 7t Aol 9
g EZoly 2F, 37 T2 HET FAYHe EALEo] o]&Fo] & 257F 97t
Ao 9]=o = h uhe} A 43
WE7EA 71 12} gk o]o] whaj
ntol A= 9 7} 2 9rtdEA7F 2g
A= Ho &4
olZ g Wi 714 w4
7l o]t}

o] AR TS o] &3 A 7tde EAC AH stdEE @] olyx ;‘8—71}% 3l wtol
AZ9E WARHE PHeE EAC 4& HASHA A AAgs S50 A fods EHAA
HALZE dojubar, F4po] ofd fAAY A AAII HERZ —rﬂrﬂoi PﬁJr—"’/l AA 2§

ozl R AAd HAY A FE& olFAT FHAY A9 WHe stA Eo

Helo] QloE R AfRo| olFdte Zo| ofYg HAWIFORE ‘ﬂH% dozith olHg A
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ek webd 2% B3l AAute] AA wel MEeE 5 %oy 3de] WA
AAZ ANAE 4714 BE el ARGl met BF @abo] wE WAFT.
Sol R os) wEAo dojd W B o] npEke] ofs) Jo| BT 74 B
FATAN A BIE AN SAIA, AFALIE YA YR

Sl thsl ol ws}% o gelel g dol 22 7}% G2
U wEAsh o
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dage A4 Mol 9o1= Arel $AAEME *§7111 . .
Az 2E W9Ee Aavt Belete B3 A4S Yot osh ge AL 2E BdL

Agt s, o] BT @At R Fu4o AA ojalA wEEeE W AA ouix
AR FRAA] FrEHel G4 £N2 Ho AR, o] AR TS AfRo] 2
A BEAAAE WA Y How AAR FHA uaoﬂm 2 oiAE dA 9

e 2 nl o Jo o fZorlr N Jm
)
N

LU, F o] AL ALY o] 2 B=AE Zte H20, HC 59 &4 AAE 7ol o

b Adle wgom AAsA A7l BIe 2ot fAAd Husl gow, g7
AE AL Y BAHIAL AAA P& Bob AAH B AEA AA BB
Mol meh AFS ARSHEH, of B3 Fe] BAte] njEE so] B WAL Yoz
S AR AL BAel U AARA svHel B4 NI wel T
Aolth. B7kel ol fAA vho|ARTE 2ASRE I BAAY LAY PL AL B
S 9em o (AR, tano (FAA £UZDe BE nfo) gow LEU Fuse] g
sttt vhol Aol Ao A e W stdoldt HE AT IADRA L Eh] 2AE o]
EROFE So7l §4 Lol ofs) FRHINWA A3k UF xdﬂﬂoa 2k whebA
B2 Solrle wE WAL okalA Hol £AAS ¢, tnovt 2 BA A4 YR sjdo)
ARA Ak ol 2E AARY AFGE HEAE A FHLTUEAE B8 48340 Y
. olAe Al A vholaEste] AYWEsL BAY EHo] QojMe] gurt wom
3t ALE JElE Holth B9 989 ¢, tans e F AF mF o] dguTtE UM
2 e .

Millimeterwave(MMW)2] <&

& 29} 19 1olAet o] dAeu B+ Fa 30~-300GHz Fthe Fa+E wetn F3t
ol wet AlEstste] HAS a1 . FHIZole ZYuERE vlo]omtol A2
(biomicrowave)Z2%= B il Aot A F A Al AMAF= FYFRY 73 oxidase, phenolase,
peroxidase = ot A T AL FLOoE 43l WHAE O] JoFo] A3HET] 49
A A 5 Bl Fx7F AA FEaF(Rhizopusnigricans)o] Fdste] RARAHA = A
B3 Sk (Ceratostomellafimbriata)ol] o]&] W F-ol -2 wbdo] 7= Fujrl AP,
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Arfes W3 RBsE sF4g0 FeAmE of AT & e A Lo RuFe
G eRoME F st Ax 5 Rajst AP@ch Tehk MMWE o $3kW AaFdl 4
Hol e WA, Y%k o] FQ AR ASEAE SolHoR BEY =& wIste] 3
7l B FolE AMFH JYas BEFD AoF 290 de Rz AKE A
e st ZAZL AR E ALEESE IHE FA 7Hsstth B3 FFA #oste &4
& A48l ¥ B FoE 3t 7% AAFY gs AT F Ao
Cosmic Rays
Gamma Rays
X-Rays
Ultravialet Light
100 TH'I Visible Light
10 THz Infrarcd
1 THz
100 GHz ———— Hiomicrownye
10 GHz Radar M'u:mwn.wﬂ&gin[l
1000 MHz m—
ANES VR
1 I'u:H Fggmnfﬁ?n Radi
2 E wve Radio
100 KHz AM Radia
10 KHz Sound Wave Region
[ Mon-slociramagnetic)
quucrl;:r
a9 1. Fa5e mE dAn FF7
® 2. T WE HA, 85
S 4 K FHEE TYEE
300~3000MH 0.1~0.01 SHE, nfo]| g7 EA nfo| g 23} 7}
I~ Z 1~V. ! >
pREER ° -
3~30GHz 0.01~0.001 EHF, 2] 3} g 54l
30~300GHz 0.001~0.0001 RS
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Influence on plant growth and productivity

Remarkable increases of plant growth and productivity have been
postulated response to magnetic fields (MFs)

Effects on plant growth, the role of MFs on enzyme activity

on synthesis of proteins

. i content on water uptake
ary Alx have been observed

MFs have been reported to exert a positive effect
on the germination of seeds

on plant growth . crop yield and
on ripening on plant
and on plant growth : ;
of fruits nutrient element
development .
composition

a9 2. dYugart Ao A H A mAle 9%

= [}

3 3 HYvEHIIE 4= AFEN A 9

Organism Duration Wave Power Effects
S.cerivisiae 50min 46GHz 0.03mW/cm’ A&l 3ol T8
Barley seed 20min 61.5GHz 0.1mW/cm? ME 4L 36% 57t
Spirulina platensis 30min 7.1lmm 0.2mW/cm’ A7E Tl S
der gt &8 383 g IFE Fv dAE LFEY A FHFEROE FE29
E X3 F4S(special absorbance rate)® &%, F7 2 A (dielectric layers)ol|] wo &k
& e A0E RuHJT =3 AAEC tig E4E BY A A& tiste] AAFEC] W
T =4 Uesen 7SA AEE SV B AAEE ASE BAEHATE EI F 49 o]
o] ~E9] 3 F7/<l Candida albicansel]l W3l F&Fe AHHRH EX Fulfo ug} & Zo|=
HoFAo
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F 4. 9 v) el 97} Candida albicansel] ®]X]= <3k

Wave
Modulation Duration 71.8GHz 72GHz 72.2GHz
1kHz Short-term No change 15% less No change
CW Long-term No change 25% more No change

AAs) Am Az gaE JEWT. B7E o83 AN QnHAE o]&d A=
2990] 22ERor, YV EHAE 83 o

A
A 54 FAZFE A g2 Fde]
o ]

A8, 393, FYZ AP

1968 10€ 18 <2]3]o] <3l Public Law90-602(The Radiation Control for Health and
Safety Act of 1968) ©] F¥=o] WAst= AT FEo] A(standardell of&f Agks wF
A FH At s doll AT =25 HYgE2 BF 60~100mw/cm3s] TXE SAHEEZ E
Fdo] mrolazge] dEY o YF2HA HH Hddo] UF =E2HY wH JFof o]
o] AAY S BetA Aok I8y FEEe vlo]aE g =EEHE AlZto]l AUAA ZAH

3}

RO 53] =&, Allen ¥AbE wlo] A E0to] b A O &)
G ol A deiste A 2ok ¥ §3ATE rlo]laZgke] ok DNA 2 oheld s} gb
5o Z=AZ 1 Ylo wao] obd thE & AHthermal effect)ol] 93k Aolgte= F

o]

& | &4 &

o] A7 Bk oy dAZASY AH2e nlolamvte] 43 wkg2 TAEE € 2
o3 Aoz Hoj gt AAlo]l FALE wlo|g2yld] o3 I aE 3 FE Iy dFS
et Axols 2e TS et 53] 9 =8o] FHof o] & He AA FHlde
(el: =, 7, %) ol o3 &4o] 2 Aoz dHA v I SR 7 o A= ad
o WA Bl Mg A, A =HIA, BAY A S0l RuHn.

. 5= AF 5 AA FYE vpolm =3 100mW/cm2E =SA1H S w] AFe &
g Aoz B1HEYT. American National Standards Institute(ANSDO| A= A ZEAISE glo] ¢l
Aol &7t Y= 71EX S 10mW/cm2 o)5t= A3 H T}
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1. Millimeter wave(MMW)<&] A+#71271<&

7h Am B
D A=

L v E|FMMW)L] 4t #S AFE st AMSE d5F5 F 7HAZRE Campylobacter
JejuniKCTC5327) 2} Staphylococcus aureusKCTC1621), Saccharomyces cerevisiadKCTC7904)E
AbEStR oH, Al FstA T FAE ALAE oA EFRtol Al $ ARESEATE A
2 AEE Alse APAdA 2HA o e dE) eSS, dFGEIYERLE), =
FEIYEE)S 243 AEE &4 3 71FE Ax & ARt 2R EHMMW)E 9
 AHEE 7I7l= 39 33 Zo] HAloF MMWAF A A B2 77| AESISoH ol& &
& A7t WmE A5 PR om, AL Y= 30~300GHzo] -

Single Frequency
a9 3. 2 E3HMMW) 7] 7]

(2) W
2 2] v g sHMMW) 7+
WnElg 7192 250ml HlolA WHEE A2 7R

Al g= Bol A= 2& ¥ 4%
sto] FejmEl s 71712 0%, 602, 120%, 180%, 300% &<t

= 100
7v7y 7}dsle] A2 AFEskYh

1 ]

W, 38, A AOAC Mol ostel Astgon »EAFY @ 5
AR AR 25870 J0mlel BfE el BHA AT 9HR Adel e
Z_ A

A
2
M
S~

O
o
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EFSER 4Esqth BEAEE 02%8E S 71d 5547 625nmel A S48t

LB SHMMW) £ o] &3 dA s A
dEjv e a2 AP AR T Aot 71718 ol &ste] AIZE0-5E) AP F

nAE 5 54 AT

NaEH 2 AdE HJE
Zkzre] A E 98l AEE oF 20 g8 A § A o] &3tAth AR #+& HF3] 9
S Z+zte] #FE WS H wFH S 5 mL centrifuge tubeo] B2 3 4° ColA 8,000 X g2
zA07 1087 94 Egste] FA(cell pelled)wt =AGT. E8¥ #4= 9 mL peptone
water (Difco)ell dE3 F, 20 g & dEI & 01 mL¥ 789t F<(total viable
A8 ARE VAES SEAIA & AS A&t

A2 H s (MMW) A el 9@ 2%

e gt A ads dolR7] 98] 3T ol HTH AUHFE A4 B H(CSE Co.,
Ansansi, Korea)oll ¥ % "E|uE 3 7715 ol&3sto] 30%, 60%, 90z, 120x &<t =]
s XA st AIEE AdadE ZARAT. 7 HEES A g2 AR
Staphylococcus aureus$} Saccharomyces cerevisiaeS HEAZ ARE 9o} TL3A HE o
g2 3 788 dAEAA st i 90 <k WP EHAE HYd H, ddE ANEE

1A ETAYLAVER, AFEA, Aast 2T, ol pse At Ao R TASNAT AWE
o =

o
ERe 99 FUW WHOE AFEF F 474 Aavs

O
ol
£
ol
zl
>
2
o
o2l
ol
ol
b4¢4
i~
o
ot
2
N
N
N
X
kd
o
ftlo
e
£
£

5, 797 AT F RS

79 SAS 95t Alx 20 g 40 mLe] "HIFAE 2945 stomacher bagel] o
stomacher (BagMixer®, Intersciencr, France)E o]-&3ate] 120% ¢+ #23 3 & 723 9
93l 37° ColA 3%e] @FEE MFsS

f\lEi ZyZy o] wjAlo] = sl Th vAES] I
o, FHTE 47 247 48A1 T B v kE 3 AstATh
|53 < Fe =L R 4

D 27pFo FE 54

WLFE e EHHMMWE 71959 e o LE9 FEFFS Uehd Avs ¥ 49 2
o g v g 7tgAzto] S el wet iR 2EE SR FESHS 445ty 300
o 71EEa S W FEFEFS 58%S YEhdTh olo] wel 23 ol W uEI)

oUA @ wuk ofUet Aze] FroluAe] mebd webdtin ARRt,
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34 DY EGMMW) 7tE AZtel e A7HRY §E 54
i::(z)g qiirzf;?g) el:l/::lrcgr}?:z:;;;) Temperature("C) Moisture(%)
0 100 0.0 26.3£0.01 12.7+0.21
60 100 86.1 74.94+0.03 11.1+£0.07
120 100 172.0 91.0+0.21 9.1+0.12
180 100 258.0 104.3+£0.02 7.4+0.04
300 100 430.0 135.9+0.01 5.8+0.05

(2) B7}Fof o] o]3tshz B4
A7bFo & JdHbdE2 & 5ol yEhRe] 2 at 7HE At mEk 2 2ol e

T AEZEE] Ape] QA FEEHA YEhUA] St 8 29E 2 DEvE g 7HE ARbel

t&% dA3 S/, el 94 S7ehs 23E YEiiit o] d3= 229

)
=
[€)

N

=
2ol A vhelas /tGATe] FHsHA gadte 9

3% 5. YU EH I MMW) 7FE Ao mE A7EFe} Ao AR Bl o] 31shA st

Rice flour
Heating o o e o o Amax
time (s) Protein(%)  Ash(%) Lipid(%)  WBC(%) WSI(%) (O.D) Absorbance
0 7.14 0.43 0.44 190.23 0.32 624 0.473
60 7.14 0.43 0.44 216.42 0.37 621 0.463
120 7.14 0.43 0.44 221.63 0.41 621 0.462
180 7.14 0.43 0.45 23527 0.46 618 0.459
300 7.14 0.43 0.47 269.67 0.49 618 0.421
Rice
Heating | iein(%)  Ash(%)  Lipid®%) WBCC4) WSI%) ™ Absorbance
fime (s) ° ° PIc7 ° (D)
0 7.14 0.43 0.42 190.11 0.28 626 0.469
60 7.14 0.43 0.43 215.74 031 622 0.464
120 7.14 0.43 0.44 224.35 0.37 621 0.461
180 7.14 0.43 0.45 231.71 0.40 619 0.455
300 7.14 0.43 0.47 265.43 0.51 618 0.426
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e %?ﬂr—; ks I8 49 2o 227 SUbebel weEl BaEs FUrskle,
= 60C+0.212 yehgtth. 2w a 7hEAREe] 71
el FEAEE F7FeAAL 60C FZolM F43] Frkskh

Transmittance{%) at 625nm

[}

G 50 &0 70 80 9G

Temperature(°C)

a9 4 HEuE g Ve Al EAS WE 27FFe FaE HE

@) D) v E S o] g3 Brleo] A

2] v B SHMMW) A0S 95t Bad A3 A AAL 95 ArtES N8R Fe 4
#< Y3 27 ® 637 2o ARE wwaiur. 58 A8 A mAE AFFE 5.7x10% A
1.5x10' CFU/ge.2 Zastgich Helneuaade e A vate fe Azte 29= wl
AESE ZaN7E Aoz Azt Q8 AS$ Afo Ben|eE e} 2o Mete] nlolz
235 o] gdle] AFAYSE F AL 1.4x10° CFU/ge] Z o] R(ZFo], )] 47} 1.8%10
CFU/ge.2 IA 74 'ﬂu}% Byt Aok 28y o= WeluHulrh AFAHE R o] &5
= ASE A9 g AAT B Ao AS AuEn AFAes Bl 2dd HAYE
27} 10° CFU/g -’F%Ol*o‘} o A9 oA J°ﬂ A Estd nolazs g AgAE @ AR
o H Y ES i EHHY Aoz Atzdch

i

o

% 6. v EIHMMW) X2 S o] &3 ArlFo] AHEA

Time(min) Viable cell count” (CFU/g)
0 5.7+0.3x10*
1 5.140.4x10°
2 2.6+0.4x10"™"
5 1.5+0.3x10'™"

Y The values were expressed as mean=S.D. by three experiments. **mean significant at p<0.01 when compared
with no-treated powder

(5) A7}Fo FRE ] wE AYuEHFMMW) Fa¢ 9 A3y =4
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Qv AMMWAEE B2 sl d@ol F8ske B4 Fue FUe AW 9
I dPe 5 JAe MASte 242 50 GHz, 70 GHz, 100 GHzE ©] &3tdch. ¢4 3
4Res wiwe b %

Whest FHAE 227
49 @ A% = 7% 2
2.5+0.4x10* CFU/gZ 5~6% = =
Y EHHMMW) Fat= J9E2 =4 5 50 GHzollA Z+zh 2.8+0.4x10" 9} 3.4+0.1x10"
CFUlge] ko2 F@%57 wol %

b

7. AR SRl We elrE v Jou 4wy

Rice fl Before After viable cell count (CFU/g)
rnc:fsiure(zg/r) viable cell count”
0 (CFU/g) 50 GHz 70 GHz 100 GHz
5~6 6.2+0.2x10* 2.8+0.4x10" 2.1+0.3x10° 3.6+0.2x10°
11~ 12 2.5+0.4x10* 3.440.1x10" 1.6+0.3x10° 2.8+0.3x10°

Y The values were expressed as mean+S.D. by three experiments

6) &g WP EHMMW) F945 B S 98 RUTY TS 57
QP E S o g5k s AF Fu) Fok Al ol FF AT BTG B
£ o] &3t AHEALES A REUth 50 GHz, 70 GHz, 100 GHz! F 3714 =+
WE 44 stel YT A3 F 83 2tk AWA AIAEE 50 GHz v} o
Ao Fukg B FEerE A7 A9 49+0.2x10° CFU/gel A 2.6+0.2x 10
CFUgZ 27| Zastgieol ZHHom, dutnon Fasrt it ¥248 Aol o
ZTotd AHog o P, 70 GHzeb 100 GHz 99di= zbzh 3.2+0.4x10° CFU/gst
43+04x10° CFU/gZ % 344 Aolo] 2 ztolE vrehlA gich Beivleiste] 39 24
Sokh B Wol G99 Hreel gasls FHl BAGEE olel 50 Gz FHE
FHow HFde B F714 4We AAslol T o AR

7, =57}

7
Nk
g5 9

o N

= 8. WIETHMMWY) F3h5 Gt Byl e FRIATE S5 W3

Before After viable cell count (CFU/g)
Sample viable cell count”
(CFU/g) 50 GHz 70 GHz 100 GHz
Rice 6.2+0.2x10° 1.840.3x10" 2.6+0.3x10° 4.6+0.3x10°
Rice flour 4.9+0.2x10* 2.6+0.2x10" 3.240.4x10° 4.3+0.4x10°
Mung bean flour 5.1+0.2x10* 3.4+0.2x10' 1.6+0.3x10° 6.6+0.2x10°
Soybean flour 5.4+0.2x10* 4.4+0.3x10" 1.5+0.1x10° 5.840.2x10°

Y The values were expressed as mean=+S.D. by three experiments
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(M + HAFe T Y] 2487
dEjvElgte] a3l A+EEs Felstr] Hs) AR AVEE 7HA D

TE LEAZ = "HErHRE 50 GHz F3+2 A3t axd= £ 99 2o 43

Campylobacter jejuni 2] 7% 60z YHA] FolA= 30 A7 Al Fox7t yebgou

(p <0.05 o =7l web Az WE A &3] o)z} Uebt}y. Campylobacter

Jjejuni®l 739 Z71+7F 7.60 log CFU/gH o™ 60% *g] 3 2.57 log CFU/gZ 5 log CFU/g

F=o] A7y vgebgtt. Staphylococcus aureus S B cereuse] 7 e A Az 7.81, 6.37

log CFU/g

szolglon}, e F 0.95, 0.92 log CFU/g= 6.5 log CFU/g o9 He A7Ea7}l ey
b

EA1 371HA
<}

e
oM

o olek Ze HPY el molaEsh AwWe Uuk AW FPRel us) ME Lo
A B Yot shdol BT o FolA @ Aol o} AE ZW| LEr} 7}
Poia SHHes 0 BEe ve R FAsE BAMCl Ak A3t vebdth(EEA
3 z=g4 2000. o 3o ABREHE AGshe Aztel ojA5F Fo| AFFo] Fadsts A
=7 37 HE A B 5 gglen, | UlEﬁJr—E By AFel L9 WS Awshs

2
J[m
ol
%
N

g Aol A BE FH 29d
e %ﬁﬁﬂrﬂ etk mebd mE ol dialel §-9
zgA el Qo O NFAL TS 02E vlolawe

o

d ¥ A7} JSS 4 F U
< 576 log CFU/g °1¢ %
Ho=z zolE YERARA

[e)
A zAAO 2 AR

% 9. WYETE ol §F FHE AT ARANC] BE R A}

Treatment time (sec)

Pathogen

Campylobact

AIPYOPACIET 7 6040.09402)  6.1542.64% 25740458  2374030%  2.7240.66"
Jjejuni

Staphyl

GPIYIOCOCCUT 7 8140414 4.04+3.50  0.95¢1.64%  2.70+1.80° 2724265
aureus

Sacch

ACCRATOMYCES — 637:0.34%  2.76:1.32%  0.92+1.59%B°  0.63£1.10*®  0.59+1.03°%
cerevisiae

Y Means with the same letter within a column are not significantly different (p>0.05).
2 Means with the same letter within a row are not significantly different (p>0.05).

®) A 2Akto & mAE T/E AZEH HU}
D n g o] g3AR] Add e ==

A ATHEE ZHA A HEAHR] VA #FE L9 F denEa g ve F930 GHz F

R At &RE Hrpt Y Folth. ANA@AR” Campylobacter  jejuni,

Campylobacter jejuni®]l 7% Z7|d5ol Hlgtd =polE YEMNA kil Staphylococcus

H%gl0l N E



aureus 9+ B cereus?] 7S x FHe zolE HYPo F Aole fle ASZ UEhyth
wrelbA] dau e A Al rAEL] 5 ugt Aduiy 9 Fus JUgE AAHSE
o] Wj-$- T23% Hoz FET

P

9 =&
%1
].

o dejrEue T4 W
A7VE WY B gE ZFAFste] Zb7be] Ul 7hA] EREH(YRIEER, F3E, A
} 4 oojxtgtgt vtz o2 XS] AAEY S
A A3E Yepdoh. denESRE AHgstr] 19 T 5.27 log CFU/g %
, 50 GHz #9+4 A8 % 131 log CFUlg %08 7r2ate] oF 4 log CFU/ge] A3
AT, dYuE gz Agd AVVEE 44 RS et AT g ol4kst
T2 R ATFRolA 7d AA % 590 log CFU/gel #ol AZEHol b2 =AY u
e W A og 32 #9 F4o] HEHUY. dvtEA A 7Y A T 849 log
CFUlg o2 B2 o] A=H%ey I3z dartazRoAes 74 A% & 242
7.56, 6.51 log CFU/g —’F%«l o] AZH Yt} o)At artx: WS A st 3Y T FH
1 5 log CFU/gS dolA $1dAdol
UE ASE UELT 1311% ojister ATt AR ZAT AeE 5Y F FTAUE 238 log
CFUlg +=22 YEely} Fd571 HAo SRR ARZ7IEe] STt
oF S o o] 4AS FAJAE HolA gkt

fo _{ o

X

N
[>
Y

4 b

B o2
[o
_Ez _lm'

S

a7

ook
T T

ol

ol

F=U

% 10, DejvlEnt 2AE AbRe] FRE EPel WE F74 W

Package Before After Storage time (days)

methods Treatment Treatment 1 3 5 7

Air 5.2740.1049%%  131+£0.01%°  2.61+1.50*  6.04+£1.96**  7.46+0.58**  8.49+0.197¢
Vacuum  5.27+0.10%%®  1.31+0.01*°  3.03£1.75%%  5.7242.28%%  5.69+1.80%® 7.56+0.68A5¢
N2 5.27+0.10%°  1.31+0.01° 2.88+1.46""  6.20+0.34%  6.92+0.77**  6.51+2.228¢

CcO2 5.27+0.10%  1.31+0.01%Y  1.30+0.00*Y  4.60+0.99°  2.38+0.43%¢  5.90+0.00

U Data represent means =+ standard deviations of three measurements.
2 Means with the same letter within a column are not significantly different (p>0.05).
¥ Means with the same letter within a row are not significantly different (p>0.05).
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o = Aol YaEE WeuE H"c}(radlan)
meta 4] 4 (7)) 2 4
Aeeg BEARe $Ed me

fek ol ARe| AU WAl I w3

Gerd 4 ek

D A R Ao f4 54

HA ] FHA A D& FAA dSAIEG DY A A g5 YEin 20
o 10° 8 10° 744 & 7 F3k5 9] 30-300GHzo] FxkellA Ao} dgo] fd e
804 100 Atelo] AAga Z5S Ustdth ofefel 4 (D2 ol¢k 22 FAA #E vet

=
We Aoza A Fasene] g3 A @S A8t 17 59 22 T=E Yl

e(f, 0) = ‘J{e(a o +M——%)

(2 R S — - - -—(D
T T T
— —
+2 J<e<qaqaa <<<¢<<<<<<<<<<<44444444444444
g 80 +>rrrprbpbp Pbhhbbbbbbbbbbhbhbhbbbhbb pg -
o E
% 60 \ —m— Jce at -40°C
- ‘ ‘ —e—Ice at -20°C
,—.g . \ 4 —#— Ice at 0°C 1
. \ e 4O \
= 404 - 5 \ v— Water at -40°C a8 a
= \ \ Water at -20°C
& ] \\ \ —« — Water at 0°C < >
/= 204 = e >  Water at 20°C w \\ b
T S 1 Ve
] LA T < N
0 L] T 1T Prelaveraneratarararats F‘ir,}ﬁ 1'175'.:’:7:5: n!;!gm
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Frequency (Hz)
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Q) FEIF mE {FHA 5 W)

Y 63 7S BRER W Y AASHORA @b A% Asg HEUE WY
5% Z 2789 Agsts 2ddA FEEF Wt wel GRS Wale e 2
oty AR FAYSFE FEFF Fvtl wet FUlsle AFE dehion Fus
SV s gastes AEFES YT P, RS dAF R SRS e O
So] FUkslE AR B2e| FRo| wheh 24 Fuks g wet ok e 54L
EllEs Aoz BEAEgTh

28 - 021
] - 3 os
Q o —
g 221 € 015
c 20 @ E
gl ] a 012 -
v 16 30 GHz 2 o 30 GHz
< I m- = # & 8009 f ee——————

0 %3 T ' *70 GHz > i - *70 GHz

5 08 2003 -

06 7 ~=150 GHz e ; =150 GHz

04 - - T * T * T : T * | 0.00 . T . T + T . * |

48 5.2 5.6 6.0 6.2 48 52 5.6 6.0 6.2
Moisture content, % Moisture content, %
a9 6. WevlEln o ke SRS R FHE

20 + 0.12
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§ 18 = R
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E £ 008
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T e g, 00927 oG
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a8 7. dejuy a7 G 2 s
Q) AHHE Wl mE 54 WSt

I9 8% O9 9= A A T T Hz, 100GHz X9 A Ax= tAdes 2t 54
& el AHEEETL F71R) we FAEe F7he AFE deRilch v e 53

7Aee UERA] &= ZoE EAFEIATE old met A Al ARSEE AR o] woldel we}
57t S7Fke AolER o] AFEHE dEko] RS AA Y AYTol & FHE F A= H
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30 Ad =4 AR

4 EA F3 5 (single) A

5 54 Fug +5va WeE A

6 54 Fag +AF Foe WsE A

7 HZE A 35 F4E9 22

8 Hl2E : F7HA g8 widd A A3 $ 7P whgo] 22 Fug 99& A
9 H2E : HA o Fu A8 > Auto Scan A52E AF
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1. A83H . meA-g

REdH
PoRFEM |\ i
D e e _ et | - Noise : A - 49 ~ 300 GHz
swaﬁmﬁ Tn:mn;:gww—li Palint [Leflus-1 = _] ol o 1:]-] o 2 _]
s;az\'a?ingsumagm Spieen, RP 7 "—T;% - 1:]"] 1:!‘14 \j_xo
] [ e ‘
— - Frequency
Treatment program. :
IR [ Ton Treminlen] T T W o] 53.56 GHz / 62.25 GHz

EA Single T3+ A7
Frequency + Modulation

Single &3} + 1 ~ 20 GHz
Single =3}~ + Scan
Auto Scan Mode

vl 30% Scan / 1 GHz IE|¥
u] 30% Scan / Band Total
Discrete Mode

on/off 714

9 13 AFddd dErE g A" 2l
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2. Noise Select :
3. Frequency: Frequency & Modulation A€}
55~60 GHz 54 3 9 Ag
=70 T =TT =5 U=
(@ PoRT-ELM =R @ soraiv o
Patet | Treatment st | Test | Caltration | [ Edtprogam | Patent| Treamentst. | Test | Caloraion | Fl pogram
Day activity - 3/5 Time period activiy 9 - 11 Patient: [Lettus-1 Day activily - 3/5 Time period activity 9 - 11 Palient: v
Yang, Channel actiy (Chamelactiiy ang, Channel iy (Chamelactviy e
s 6 Spleen, RP | 6 Spleen, RP
Exposed area; Achve: S Archive:
| g |
Treatment program: Treatment program:
| Mode {_Time_{Fstanf Final{ Fmod Ton [ Tof [4] | ode [Fstan| Final| Fmod]_Ton [ o {4
1 [ Seected nise 000401 [ 5500 | 6000 Frequency 535 ) 1 |5356
Frequenty 622° 4 mm) 225 |
Frquency 356 G2 (56 mm) = OBt 7
kil i
Total time: Totaltime:
000401 Delele the fne Deletethefst | {j[__Startieaimdn__| oo -16:04 Delﬂzth:Tne\ Deletetheist | summ@‘ |
5356CHz | B2250Hz | Select Band 5356 GHz GHz | Select Band
(E6m) | (s9mm) [ E | GBrom) | o) | " | e
Nise —— lodetime: 4 m i s Neise | |
Frequency 2 Frequency 1 \
Frequency + modulation St temar) O S Frequericy + modulation T &
Frequency auto sean Final frequency, GHz: o0 Frequericy atto scan
Discrete mode: Discrete mode

9 14 A FAEE EYrE g A" 2l

4. Test Mode : o] F3 F5 IS Scan
(@ PoRT-ELM IR
Patient | Treatment list  Test | Calibration | [
Patient: | Lettus-1
Scanning result
Poto AN Scanresut | x|
Plot 1 I 4
Pz B | x|
Display the plot
3 35000
[cusoro  |Js838 |136% 3 mm| 5] 7@ —
Add the to the
Start frequency, GHz: Yas ’
Final frequency, GHz: 63 Scan i Csa= =T |
19 15, AFATE HeYr|E g Al2" 2

7F dEu g 71719 AA
ZI7NE AHESel o] 71EFR

Zo] FQdth E 120 Y

MMW) 717] &2 AHg Al 8% He7F 2 5 e o=z Agdnh
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® 12. 7123 widESs

Power Supply, V 220422

Hz 50+0.5
Operating frequency range, GHz 30,6 - 300,0
Output power of portable head, mWatt 0,23 - 0,86
Setup time, min, no more than 1
Dimensions, mm 240x210x80
The Apparatus weight, not more than, kg 1,5
The Apparatus in casing weight, not more than, kg 6,6

ey

T AR SET @ A= ve3 22 FEo=2 74 27

Generating head (microwave generator) connected with Control unit by flexible cable
Cap Nel horn set (opening 10 cm?)

Cap Ne2 horn set (opening 1,13 cm?)

Cap Ne3 “aqua” set for liquid media

Waveguide junction

Support

Control program on CD

Frequency load

Cable assembly (Com- Com), (COM-USB)

Passport and Operating manual

Set of Apparatus is placed in a plastic casing.

drEj g HAY 7] 7] 9] AA

71715 AAddt Ao FrAgY FasE AT F Jdom I3 FusE ol Ao
Aol o3 ZAMMME ARk 7| S s}

A0 Aol A= AT B2 FAF7YS AYTAS Ldtar}

ol F U+ LAFHEL Ao A, FAT AERE AA-HAA= F A @9 E 74

=

e = MMIIESE 54 @919 R A Ax W7 E 23T

7171¢9] e AFE(COMZE E=USBZERE A7) o&f HaFS we=r}

Aol A e 7] B, Fx17]19 Aol A 2 FA4 &9, Aojash, FA Y BT FQ
o] tigEwS 23t

AAZAE AFEH o 717 EFHo|EE go = ofgzd - U Y AWEE x3sit)
Aol Azl Holxdde] T FEE ZE FA U ZAE E%@E‘r
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Ay A 7718 7R RE AA

» Noise mode within operating frequency band;

» Noise mode within selected frequency band;

« Single-frequency mode: fixed frequencies 53,56 GHz (5,6mm) or 60 GHz;

» Single-frequency mode: select frequency within operating band;

» Single-frequency mode with Low Frequency modulation:

e Select LF modulation (1 - 20 Hz);

e Scan of LF from 1 to 20 Hz;

» Single-frequency mode: auto-scan mode, when optimal resonance frequency is detected
and tracked every 30 sec.;

» Single-frequency mode: auto-scan mode, within operating band with frequency tracking

within 1GHz frequency range;

Single-frequency mode: discrete mode.

AFE S dold weo] B A DACEE-A|o]
EAY dAZH 29 ADCE T} E==31 44 O
. =3 AHA A= workless YA o5& 4
QHol] EFAle] v XAt

dA el A a2 v a9 163 2
+ START -Z2I13& A%

e STOP-ZZ2 1S AAZ 7] @ £859] A%

- & - J94¥E RRE

37V

THE MM BAND
LOW INTENSITY APPARATUS

PORT-ELM

09 16 AH o FEd R

3 MMWe] 34 75 #3213}t
(b Noise mode within operating frequency band; Noise mode within selected frequency band.
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Example. Noise mode program within operating frequency band.

(1)) Choose the row “Band total” in the line “Noise” . Set time for the mode. Press the
button “add the mode” . The line with chosen mode will be added to the line of

irradiation list.

Example. Noise mode program within selected frequency band. Choose the row “select
band” in the line “Noise” . Set time for the mode and choose start and final frequencies

for operating band.

i) HEHES F21 ¢ § “REFIE AdYgdtg, w2 HolE “irradia-TION ZZ71
& < FEH NFRAE AMESIE Hoh o] Z2
o AEd RS At IAJHECR AAHY I F A Z2IWL Ao AR o
AEew "ok 1 g WAR shdo] “READY®A =tk
tgo 2 A3 A G2 AAFA AN HES “AZF S FEH AFFHo] AZE
o HA gaZge] Ay % A At Al FHEHE RAAREE BASE
JFE v & AR 2AMEES A WA (oW AFY A e
o]

)
=)

oA BE Z2IHS AYsol & FHE mRHEER St o]
g3l O Z2 IS AY
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(th Single-frequency mode : fixed frequencies 53,56 GHz (5,6mm) or 60 GHz / select
fre-quency within operating band.

Fohe Ade 2947t Afzol AYT F Atk F “5356° EE 200.25°% At =
EAZHe AAHT ME “REFNE wY AgE Fust 2AREd F7T OE F
S5E dusicl s AS, F4E ddst 0B2 Folq LT YelA Bad s

AetAY ofUH Z2 IS AT F e Aol T2 AFoZ Ao A
st SRET AASHA = "READY RN = Eopitt.

(b Single-frequency mode with Low Frequency modulation : Select LF modulation (1 - 20
Hz); Scan of LF from 1 to 20 Hz

o

2E HolEdA MxFass Add9dth 53,56 200,25GHze] F3h aL

My Fag B 2AED)9} 1 }0 Aests= o
=



(7P Single-frequency mode: auto-scan mode, when optimal resonance frequency is detected
and tracked every 30 sec.; Single-frequency mode: auto-scan mode, within operating
band with frequency tracking within 1GHz frequency range.

Example:  single-frequency mode with auto-scan, when optimal resonance frequency is
de-tected and tracked every 30 sec.

B 77 Hol mEgel “FueAEaAA NS gl 25 8 AP A% Az
Hegt, ME “REFAE FEW, o A% AFAANE 1 GHE FuE 2HeIA 30

Example: Discrete mode.

H] o]% EEEI—?J “7]:'%‘?‘5“0“ A1 “5’6mm“/ “4.9mm“/ “A‘_‘Q .
S5 mEA HolEE AFe7] A% glolw, o] mEx oAg EE u$ A gra
(AARDe daw @

. AAR 4
Microwave= Z ¢#1x FoiE 2 AU B AHSE = 3 g9z o]F ol &3 A
g 1A1(2.4GHz) 2 7FEAmlE A FAAd el oA mi-¢ Fa3 HlsS AFASL Ut
Millimeter wave:s 2]%& 1274 71498 5 glom, <A 4 ﬂ]ﬁ& FEFol A1 25&5 AE
sHAl 28 o 7] Wl AFAde oA FEET ulg S AoE dEn. HZ v
o] fH FAREE] G Al P. aytheond TAMEOZ JfEsh mllhmeter wave 7|Eg ©]&
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g AF AT FAFS N e, A oUAR A ito] s sttt
ot obF AAF o= millimeter waveE ©|&3F AF/ETIE NES Ao HAEFI A
ZleS AR AIgH o2 %}&‘3}5 Zio] - Al g3ttt

AEFNFE 7HE, A, AR, 5 T YA AREo] B2 A EC] Wol AdUA tETle
& AEzErEe =23 o] Ha ot millimeter waves An]Eo] # a1
T xHo] 7hedtH, 53] AFAEY FAE HAF AN AEZHA nAEY 4 B F2AH
FTERE F=o] 7bsst S48 Al Faste 183 A F7FE7]<solth. millimeter
wave AH7|eS FHst AFAP A&ty flsiMe AFHATTE flolx millimeter
wave LA 2 AR)7|so] §EAS} Hojof s, o]& AFAYS HIXRI #H APEd 2

i=)
!
fol
i
i
N
"
P
)
v

o] # 3t millimeter wave 7]&o] 21ZAo] FLEV} Zold HoE dqAatE T glo] o= A
A 5 UES AVHAG ATAYe FHo] Wl F2F 242 F§3h3 Ytk
n= dBE S MAZgA £2EE HHE YIoE F&

T & 57 58 59 60 61 62 63 64 65 66 67 (GHz) H| 22
‘ ‘ t{i&iw.‘ig% EH‘—"'.‘ ‘ ‘ -
0|2, FiLIC} LE)
57.0 4.0GHz
HI3 P MWLAN InEJCTRTS
- L@8 a0 2005.108 |2
7 H (ISM)
200428 8=
57.2 $8.2 EJQ.O » 65.0 66.0GHz (ITSE}
Hi5l 2} 1ISM(6|
o = ® 2000.88 #S
5*;.0 ‘ 66.0GHz
a9 17. =9 60GHz 34 53
o Al &g I 5T
60/70GHz 278 PESTTEST RURA (HIAXZE 100% J1F
220l i MMIC Velocium, TLC, UMS(DI) (2| 22 S:ETRILMINT,FCI) 80%
Up/Down Converter Millitech(DI) D8 (=2 S:ETRI) 95%
Local Oscillator | Millitech,Cernex(01),Elva(2i) | 2 28,NRD Tech,(J|£ 2 R:ETRI) 90%
Filter/ Diplexer K&L, Millitech(Dl) (122 7:ETRI, Telwave) 95%
Antenna Millitech(DI},Elva(2i) 2 0ks, (JI=2$:ETRI) 90%
ASK Fa=61 AlAE Terabeam(01),Eva(2{) T2E NRD Tech,R2lAl & 100%

19 18, FY 7]1&¥ S (Hybrid 7<)

o i
°o =

AR 2



FAo R Q& oA AH|7} HL APgRoEE AR AEFIFEI|E o] HAF Ao
o, millimeter waves oA An|7} 2o, §&2Z<Ql AEILFo] Vst FU 2 EFARY Y
Heth AL 2235 V| ZAVF E !

] &

AT}

Al Y7« FRHETE 9o AVES TUAY &85t A9 tFEEelIdT. 1
g3te] o}x w7 FokQl millimeter waves 2F4tdol A& & £ dv HAHA s
o FrIJ} AFsH ol =Wl AFHEVIE A s & F glogE A"
Milimeter waveMMW) F%& WH-& 7]E9] FEWHol vl&] FE2AY B35, ASEHE F528
ko] a2 FEFES Y & e FFE YHoE, ¥H Tt cost7t W s
FEolth MMWE FHe] A% el nls) AeAlzte] i 2Fe] 4&d4 2 #=g 7}t
d Tol o3 FYPE F ngF AEAA 9 P AR w3y A IF sbesty A
3 AN PAEY i 9 o] T AR o =3 Aol tiE kA AdA ol
PSEHHE MMWo o3t AaAeldd AAE ek g3t 33z &8 2 5 de A
o7 Amdrt

ol ARl o o
phytochemicalE°] <, n¥8<, Fx, A%
TEAEA J3F{ol ESoUe MEL = Ly
Aol s SV A7 FES] JAyHD Yk HE 2
2, elicitors, environmental stress s©] $l=dl MMW<+ environmental stress=ZA] Z}-83}o]
A=A o] A& o}, A, AFA, AL SUHE doXives Bt e MMWE
ol &3t AESHH dAEE WA B8 SV A9 2eF Ao E AsdT A4 de ol &
23 9= microwave(HAAH Q1A o] AF£EE 32 millimeter wave E3F AE JtEI)ES
FTHOE Ay AAEIIVNEER) 7<e 59 #d 7Es 5 2dHo=E olg FEl
& A 7EEd A FAGET ofyet AAH A F 22 JHEE v, AL T 9
H A= A48 2 o vy F A4HEA FFgEHE Ad AR AIsHT
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A 24 A A Millimeter Wave System 7= 9 2|71 FA| g
Ag7& ME

9 2] o) g g (Millimeter wave ; MMW)+= 30~300GHz | t)e] Fat+& @ty F3k<o uet
AlEstete] BAS Gt ok HZole WP ESHE vhe] 2 vfo] A & si(biomicrowave) £
T B3 Jdu AF AR A AaFe FYFEG e oxidase, phenolase, peroxidase &<
rsted AR F B4 FEo R 4ks) WHAlE o] goFo]l AT 49 HAF AR T A
ol ZA7F A7 F3lFRhizopusnigricans)e] A Uste] FAFHfA = AFAGT Sk
(Ceratostomellafimbriata)ell ¢Jall Wjio] A& wkxo] Ar|= Rurl APHAct HJLAHFE IH

2 wWAste A% 5 Rl AyRY. 2Hy

A ‘! °
= AT JULE BEFIL AxFol 29H0] Y= R ALS A Ex= st
AN AR E AATS TdE G2 pesith =8 FPAel Bss TAE FA Ik
e 5}

o]
B A 7A F@ol7F £l JoN(EE-oMYER,
, Rhizopus <, S@lA|-Penicillium <) 3de] A%, WA 9@ Ryjo] Fojses

Jl-)' Foh ‘{Ol'
td
S
o
=2
P
2
S
N
i
£l

7]-Aspergillus
o AR 5

=

=8 Z & oxidase, peroxidase, catalase, amylase, invertase, pectinase,
esterase s°] AT}
EE%L

Aol wel Aol Wastn, 5 & A% Tk doju=d,
of wuto] Frfstal 4t} o= tannic acide} 22 B2k &t
o, HERF7 S7kety st 28y gadn. MMWE 3
= 3l mAES AS5S Boldor A & ddste] FuE JAS

= MMWE ol 50 e E40 FHS st AL

bel, WlERRIR O] Z7) WA 3A E3E Btk

5)
phytochemicalE°] ¢, 1¥8<t, B, F5
IEEA FAF Eolde MEL
Ao gEFs FVHIE 2
2, elicitors, environmental stress s©| =Wl MMW<+ environmental stress®ZA4] 2}-83}oq
2 ZAu el Aol AEo o, A, AFA, A SUHE dexives Bavt gtk

ks MMWE &8st 2 F (A7) Aegd 2 AZA X 7l dF, AFd o
£ millimeter wave % &4 Y& stz gk

Ir
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1. Millimeter wave(MMW)E &8t 2159 A& 9 A 3 7le A+

D A= 2 U
b A=

2 AT AHRE AMaRF FE FFe BUIEE, 5 gY9T SAM), HEFAEFERE, E,
o, Y3, ZAEEY EA =43, 5, &5, A5, FFolHA(G=
E R, dAnHIZDE ALFPoH Fa4 A= millimeter wave(Nizhniy Novgorod,
Russia)E ©]-&3t At

=,
T
o
2,
b
o

Wb HA Fa A

MMWe] ZA= Port ELM Z 2188 o] g3ty on A3 &
st HH Fa+-E AASATHEFE D AF e 2s AALRE BV, FdF, 24, &%
oA S AL FFEE FVE AFESHATH

Patient: | Lefttus-1

Piot 0 EaN
Plot 1
Flot 2 R

Scan result

[ Display the plot I
(07412000 104825 -

58 7 8
Frequency, GHz %
arsar O 59.41 ‘-;;h— Ll =M ] ® | Delete 1

13 Add the frequency to the mode | Remaks:

-ie51-3-
Start frequency, GHz 55 [ Print I
Final frequency, GHz 60 [ Scan id Save sc resull

=

M
.El
£
ajot
S

Fig. 1. A8 F35 % 99 4%

2 23 2 v&
2z F+E ZAA% A3 Fig. 29F 2] A3+ 53GHz, A= 54.67GHz, FEolwAlS
54.47GHz, 3 v)+&= 54.47GHze HZA Fu4 A4S Ao

S
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&0
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il

56

54
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52
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% 12000
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AL
VR
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50

=
T

58

Kie's

56
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i
52
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INEE. .3 % B mo oy
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L B w o 50
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mc SHENEES ® o i
i N Hn
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L= i " e 5% o
I M o O o
e ! 10
il W O R
Ar W = ur w
e a
7K _ w . o)
R . TJ N ~o
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) 4 W oy -
u s = XU d ﬁm
i B o Hi X <
= s m oo O W Mu 3
I Hio ajo o
i aiE0 R <3 3
g (re T o
il = w £ &
= i o E o hAu Nr ﬂ_
) H M F0 T W
# 0 8 M5 G+ B
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P
Patient | Trestment ist | Test | Calbraton | [ Est program

Pt Il
Pt Scan resut
Piot2

[ Disglaythegit |

Potiort.  [Letuus.1

< o< [

—r— Auto Scandi 215

Ao FE: S 5 s

Stant frequency, Bz 55 (I — | e
Finalfrequency, Gz /2 San i [Soescowngese | | = et

e e e JTTTO |

Frepmy
(R

vy s

Do mate

Fig. 3. Auto Scan®l| &35l HZA Fab A}

=)o) 227 A& Texture Analyser(TX XT, Stable Micro Systems, England)E AH8-3}%
o 7L probed AL 3mm, SmmE 2 stFgom Zol: Aol FYHo|A 5Smm,
10mm = 2t SAH3AT P =2 AL Texture Analyser(TA HD plus, Stable
Micro Systems, England)E AF8-3}% 2™, Kramer Shear Cell& ©]&3le] Count Peaks(@E =
AstAFtt. =4 =& Pre-test speed : 2mm/sec, test speed : 2mm/sec, post-speed :
10mm/sec, Trigger force : 100ge]™ Threhold= 0.5, 1, 5, 10, 2022 HAA3sF . AL} &$
olMAlel =27+ =42 Texture Analyser(TA HD plus, Stable Micro Systems, England)& Al-&
30, Blade with flat endE ©]83}o] Pre-test speed : 2mm/sec, test speed : 4mm/sec,
post-speed : 10mm/sec, distance : 45mme] ZH O 2 ZAHSIA T}

@ 23 5 a3

= %

@7]o 222 S8A AHEE = probest Ao FHFAA AFHE dolE D A5
=73ttt probe= A7 ©] 3mmet SmmEz AA3P o distance:s 5mm, 10mm=z
=4 2o, dA4T AFAA wHEo s yehum T1gjaz oA 3

3} probe SmmZE distance 10mme] ZHo 2 7)ol ZHHS

1
[¢]
38k o] AERES AAAo]l ot F& AHAE S F UL AoE FEHT
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distance 5S5mm distance 10mm

probe iy oy
3mm // o \\~
wl [/ ‘,‘
|
 E—
|\
7
T
[ )
,'J’ \\ “‘ / \‘\ e Y
W ‘ ,“ \ = |
probe . /f /,r" \‘ | it
5mm / \ I )
/ I / \ .
— S " T
Y |
Fig. 4. probe¢} distanced Ze] AT =27 4 =
Wb HAH Faez A" FEFe 230 S8 =21 2R
FETe 2R opAEAl Al Fo] Fad 84022 Kramer Shear Cell o] 8313 S
o EAHQA 02 pre-test speed, test speed, post-speed, trigger forceE o] A7+ =4
ol A s} o] MAsgom 22l o 2= ThreholdE 05, 1 5, 10, 2002 AAste] =43}

Foh o7)A FZHEQl threholdol] wal 2217+ e] =4 A3 =Z &= Force, Grandient, Area, Count
peaks7} At Force(@+ A WA d=3AoAA Hetu+= HZ peakz A 87F Widd o 289

2 &= Folt}h. Gradient(g/seo)= 0-ARE Hx w3 7] 71&7|2 Alg7F 22 force
E UEo = 71&7]9 A& wet A= AEE AT F Ut Areal@v A&7 VA
T7tA] HYEE P& AA dxex yephdth Count peaks(@-e A&7} bladeet 3 F3HA
e IS Uele A0 EA AR ofAhgl HRAgE Fol oy e yaE verdn. 339
T7F BEFF A BV © opabstAY vidbettE AS o & ok

ZzZ¥ 9l ThreholdE 2] AA3te] force, gradient, area, count peake H<S =A3 Az}

T
Z+o] Force, gradient, area®] #k2 Y AR S Y count peake] %k threholde] kol
Z

= % 1%

e 75 dasidion ARk ZEAAVE AA YERRt. FdFE kramer shear cell=
ol g3te] =27+ ZAA threhold?] #< 20082 AA3HE Zo] ARzt TEAXE A U
Eldjo] Hlwz A8 HolHE de F & Aoz fddn
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# 1. ThreholdE Eeldt] ST 59 =27 4 23
Threhold Force Gradient Area Count Peaks
0.5 61573.38 1693.27 265482.28 451.00+22.21
1 61573.38 1693.27 265482.28 439.20+32.65
5 61573.38 1693.27 265482.28 375.60+29.81
10 61573.38 1693.27 265482.28 281.80+13.1
20 61573.38 1693.27 265482.28 145.20+4.32
(th #A7 Foez 2id 2ad 237 54 24 4%

A 244 testspeedt £%7F UT oW ASsh M@AAoR ¥ U} 34%
AL AE NRE AdE ARHA G AFIUAR dolgle 4 Ay WEel LA
Z 27 A A test-speed?] ZAL 1, 2, 3, 4, 5 mm/secEZ A A3t Fig. 59 & A3t v
EltT). test-speed’F 4 mm/sec¥u ZHAte]l A7 A¥ryl AT vEog AETHe] AFA o]
A yElY A W3] AR wEke 9ASHA =31 test-speedS 4 mm/secE DAt FZ|
e SAT A5 vlud AE AAE S 7 U AoE AdHIIH

test speed test speed
: Ilmm/sec : 2mm/sec
) fl’\m
! l
L
JF I N N WE—
test speed test speed
: 3mm/sec 4mm/sec
test speed
: Smm/sec
AA =2 ad=
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(h H3 F352 2AE gao

o

Fig. 62 FFolmAe =27+
cuttingst= zkolo mE

= A5 23 AT AT

Elston} gFFolmAle zkS ol & sl cutting 3

of A@Aol WA 1 A AT i
4 Fol 7tz & Zb R o] FteiAle AAVE UEY fEFolmAle] 224 SA 5
© AF Zto] otz oA &t cuttingst= Aol AEXE] Aol =A yElY Rz g8
g HolHE A & F Ae AoE AddEn
5 mm
test speed : 2mm/sec ¥ e
test speed : 2.5mm/sec ' == P p—:
test speed : 4mm/sec T 1 lost Spoed”: Sm/emE e

Fig. 7. test-speedE 2t SAHT FFolMAl =& Ig =



E 1, 2, 25, 3, 4, 5 mm/sece] SEZ FFolHAlL Zlo| ol & 3kt ZAZLS A3 4
H#=2 4mm/sece] A9l FFolHAL Aol AL el

5
om AR A Uehikth dmmsece] $E2 ST AP AT BE ARG gte] F7b
N, gte] EREOR e Wi FEo] TERHE oz Ueyton Bzt AuAe] 7
UEh gEolm e =A% 24 gto] ol I test speed dmmisecE EHFE =
Aok Aol AWl e ARE e F YL Ao BHHL,

(2) Millimeter wave(MMW) Z=A}

MMW ZAb= E Ao MMW A4l 4] F+91%F millimeter wave(Nizhniy Novgorod, Russia)~]
712 control system, oscillator, Transit generator, single requency@ A% o] o™ #1442
AFolA ARG AMAF 9 /7Y HHFor AHE EXE A4 0, 30, 60, 300, 900,

1800s &<t zh7tel HAFuh42 AT,

(3 NEFH

MMW=E AR A&F A8E PE I F ¥ § 4CoAM BAsHA A47]3e w
HeE AR H. vAdE, AE, &4, 95, pH, 352 AAERE ol&saL, FaTY
= &= §F, Anthocyanin 3%, Chlorogenic acid &S -70ColA FZAAZ FH 5¢
of ¥¥sta WE HASHA ARE ARRSIoH B8t gF
om, &+ 80% methanol, H2ket dwl= 80% ethanol=

|t

olr

’

off

=
AR ZS & BuE tkE
o|HAlL methanol® F=3+4

A
=8t NBE ARESHAIT

=
11t
o
oz
rE

p vAE 4

A2 B AH S o] &8 mAE BAS 9all, A8 5 g8 g 5 45 m o] EvH 0.85% A
A A5 &3ste] stomacher(Bagmixer 400, Interscience, Co., Saint Nom, France)E ©]-&3}
of 387+ #23 AZl T Zzto] AgRS 1 nd Hst 9 m o XA TA 3 e
v 2= 3M 2] 3] AHMinnesota, USA)ZFE FHstHA o, dxFAEuA = F #5PAC, 3M),

g 2 AT (PEC, 3M), B2 2 #3°|(PYM, SME A&t oH, ¥de A8 1 g9
log colony forming unit(log CFU/@Z YerH AT
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h =4 34

7)ol 27 =4S Texture Analyser(TX XT, Stable Micro Systems, England)E& A}-&3}3
om ZHE& probe 5mm, Pre-test speed : 2mm/sec, test speed : 2mm/sec, post-speed :
10mm/sec, distance 10mm=z FA o] Z=YRAE =AstHUh Ao AL =AH & Texture
Analyser(TA HD plus, Stable Micro Systems, England)E A}-&3}% 9™, Kramer Shear CellS ©]
43} Count Peaks(@E Z=AH3IAY. =4 Z7HL Pre-test speed : 2mm/sec, test speed :
2mm/sec, post-speed : 10mm/sec, Trigger force : 100g, threhold 20°0]™, ¥dF+= 4X4 cm =
712 AdstRow 45g8 ARESEATH AL FEolMAle]l 2% FHA 2 Blade with flat end
£ o] &3} Pre-test speed : 2mm/sec, test speed : 4mm/sec, post-speed : 10mm/sec, distance
: 45mme] 2o 2 =HSIH T

=

(th A= 2 pH =4

Alge] A== Hunter 2 =A(CR-400, Konica Minolta Sensing Inc., Osaka, Japan)Z ™ %(L,
lightness), 4 %(a, redness), A =(b, yellowness)E HHE =3l HFFEoE YERR o,
SARE Bl £ T 79 A S FAENeH, FFE AR 60gH FFT 60gS
% 449 A=ZE AH3gE 3 petridish(diameter 20 x 12mm)ell Fo} =43}
= 2 34 AlF $ A9 FY FES SAHSIAOH FFolHAL AlE 29
T4 FHE SRR FEomAe AuEs AR AddH W S35t Ui
pHe A& /759 HE&S L1E st 1027 mpflst 3 439 AZ2E o343 $ pH
meter(Orion 520A, Orion Research Inc., Boston, MA, USA)Z =43} %t.

(& 74 1

%
9= A F

(SR

o
N

B2 BAstel AFF ¥ AFAS U9 As) FEAWM-T, Atago,

mh F Zds FF =
T Z9E EE FFS Folin-Ciocalteu’se] WHol wel SA3ATE S2AERE AlE 1
goll solventZ z+zb 9 mLA wo] wwWH150 rpm, 24h, 25C) & YA 225,000 rpm, 20min)3F
%< 0.1 mLol Folin-Ciocalteu’s A]2F(2N) 0.2 mL2 3 7}3}al 5% Na,CO; 3 mLS 7}3ke] 24
WA $ 765 nmell A FEEE SASAT FE AL gallic acidg o] &3 BFE AF

Hqeste AR 5 F FdE ¢Ee Taidoh
o]

d

FZ3 A 0.1 mLell 60 M DPPH €9 3.9 mLE 7}3 ¥ vortex mixer2 10%%F &3}
3 Ao 3083ZF WA 3k & spectrophotometer(Jasco V650, Tokyo, Japan)& 517 nmel A
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2Fak At

JEE S Ohes g Al o)

ok

Electron Donating Activity(%) =(1- A/B) X 100
A : Absorbance of sample, B : Absorbance of blank

(¢}P) Anthocyanin % =4

FAAZI A5 1 gl 0.1% HCle] %33¥ methanol 10 mL#® 7}3}e] w¥H150 rpm, 2h, 2
5C) & AARZ (5,000 rpm, 20min)g+ & 0.45mm filter2 o] 7}3+ Y& anthocyanin 4 A5 =2
AbE T 9] FEE 1 mLol 0.025 M potassium chloride buffer(pH 1.0) 1 mL =3 0.4 M
sodium acetate buffer(pH 4.5) 1 mLE 2zt &£33te] wkSHo] F4 = ZHS 510 nmé}t 700 nm
oA =AH3ATE F AdEAoLA dE(mg/L)S cyanidin-3-glucoside®] & -&33A (e =26,900
Mlem™E ol-gata oleje] 2jo) oja) &gt

Anthocyanin content(mg/L)=A XMW X 1000 / ¢ XV

A(Absorbance)=(As10-A700)PH1.0-(As10-A700)pHa s,

MW(Molecular weight of cyanidine-3-glucoside)=449.2

€=26,900 Mlcm™  V=3%ZE&o| 2Ry
(%)) Chlorogenic acid 3t %

Chlorogenic acid®] &+ sodium molybate W o= ZA3HtE Al52] 80% ethanol F+&
o ImLe] 2mLe] 5% sodium molybdate solution(in 50% ethanol solution)®} &3%3ta 2mLeo)
50% ethanol solutiong 4jo] WAlo] HEZE 1A WX & 370nmolA] EFE=E =AU

SH T+ =74 cholorgenic acid®] standard curveel]l # 83} chlorogenic acid $F&<2 3}

rlo n

ol ol

() WE C d =4
HERE C BAe AR 20 g2 HETA g GFHEADH we Hshyoh
Oh Aol § dF =4

=
2
Arlel Hold s FF 2R HFBAY FAlHAAINES ol g3te] ZHFHAL.

35

A e FaAFATAN Hd 129 S W E BeH7HE AASAT BHrke 93 &
EE olgsden 1dor ZA4E ‘g A oA Rl s E ‘ule Fo E %
NEEE sdt. HrietE S oI (appearance), UHtaste), ZFZF| ZHtexture), AHLF J|IZ=
(overall acceptability)e] At}

D BA B4
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Ee AL 33 o) whE AAEg o, Ao A= SPSS 12.0(Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA) softwareE o] &3} F3 x}o)7} U= FEo

i3l A+ Duncan® thxHAHOE p0.05 FEANA FYaF HAAS HAASA

rlo

w. Az g v
(1) Millimeter wave ZA} A7t 2 E7]o] FAEA

D7 HFo] A%t SFEC] Hud w2 AYE g F FHAS e} mAdEd YT
Bylzl w24 AgdF=dg 2 "= El(polystyrene  (PS),
polyvinylchloride (PVC)) =tell A A 500 g, 800 g, 1 kg G ZE #%, Fujd oy 5
7] ZZeiel7] W&ol FAAs et Fujrt gA oy fE571%e] wg #@oh AA #dAFA F
B E AF2oA 1-2€ EHste, 5 F AR ?“Hﬂ o] Fo|A| 7] M7kA "7 %

FA A 7] 2} 7] o] millimeter waveg 0, 30, 60, 300, 600, 1800s2 ALt & 4T

ol Al 7Lt AAsAA Er]o] FHAWMSIE AHE YT

# 2+ millimeter waves AR B7]9 tiAZ o WSS Yepbd Adolt HIERA 9 X
AbTE A SR ZEA] ATt Ttol YRRl kot A TR = HlZARTAl A 4 CFU/g
© 2 eyttt Solberg 5 HI7tE zggAo g tiAd#FT47F 3 log CFU/g ol3t2 AA 3
gl 71E<& Ao o] 7)ol Hstd vk tigd T Soly millimeter waveo] Aol A
= A3 YERA @9ksol vls) BlEARRel A YR millimeter wavee] EARZE A TA7EA]
oo SAe AAEE Aow ddEHIAH.

ut
B>
bl
o
rUIl:l

7]ﬁ11

ml

)

rot

# 2. Millimeter wave?] ZAF AIZFS 283 @7]9 Ao+ W3}

(Unit : CFU/g)

Treatment Storage time(days)

time(s) 0 1 3 5 7
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300 Not detected
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F 3& AA 79 =<k millimeter waveE FAFSE ©@r)e
pHE 3.78~3.992 A% 7|3t &<t €719 pH gto] S7t
o] A WetA eFtth AAZ7]edl= 1800s 7"\?‘?«] pH
1A FE = Ao Bl HlZAR oA =& pH &S
¥ 3. Millimeter waveo] ZAF A7+ 23k %7]4 pH
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Treatment Storage time(days)

time(s) 0 1 3 5 7 SEM?
0 3.73BD 3.75% 3.78%® 3.99*4 3.99*4 0.02
30 3.76°¢ 3.73%° 3.74P 3.81° 3.86°4 0.01
60 3.74<C 3.72%° 3.72°¢P 3.79°® 3.884 0.01
300 3.73<¢ 3.72%° 3.720<C 3.79%® 3.95% 0.01
900 3.75%¢ 3.74%¢ 3.70° 3.90"* 3.84% 0.02
1800 3.78C 3.72%° 3.70° 3.82® 3.87¢04 0.01
SEM? 0.01 0.03 0.01 0.02 0.02

DValues with different letters within a column (a-d) and a row (A-D) differ significantly(p<0.05).
Standard error of the means(n=18). ¥Standard error of the means(n=15).

o

O e}
El _[l}j«

2719 7 ngE

2 FHeR WA JYEe

A Ay AA 09 A millimeter wave 60s ZAF7F 8.02 ° Brix
1800s ZAFF+= 9.98 ° Brix® 714 =& F#FS el

1” TR BIZAFF Bl AR E7)9] JFEA ¥ E Tl ¥nd E=A YERgTHE
). A7 9k vl ZAME, 300s, 1800s AT e mEE ko] 7HAEF o)t 30s,
60s, 900s ZAT-= Z7}18ATE 60s ZAFTFE =719 Zo] 1.28 ° Brix & 7F4 A =713
}.
3 4. Millimeter wave?] ZFAF AIZHS Gl ©7]9 7184 18 E
(Unit : °Brix)
Treatment Storage time(days)
time(s) 0 1 3 5 7 SEM?
0 9.00°" 11.38* 9.90*® 9.35%8¢ 8.78" 0.37
30 9.10B¢ 11.00** 9.93%8 8.63% 9.62%" 0.43
60 8.02¢ 9.50°* 9.47°8 8.73%® 9.28AB 0.31
300 9.52°B 10.72*® 10.50*® 8.93* 8.90*4 0.30
900 9.10"® 10.18>* 10.07*4 7.88C 9.28%B 03.5
1800 9.98*4 10.13%4 10.28* 9.03* 9.22%B 0.30
SEM? 0.31 0.38 0.35 0.35 0.34

YValues with different letters within a column (a-c) and a row (A-C) differ significantly(p<0.05).
IStandard error of the means(n=36). ?Standard error of the means(n=30).
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# 5. Millimeter wavee] XA} AIZ+E &

g Er]e] A=

Color  Treatment

Storage time(days)

value time(s) 0 1 3 5 7 SEM?
0 30.82%8" 37.16" 37.46" 37.07** 38.07°* 1.25
30 30.95% 37.95% 38.17* 37.66"* 38.20%* 1.41
60 33.77*® 36.79* 36.26™ 37.06™* 35.71°48 1.01
L 300 31.42%¢ 36.89B 38.60™ 37.29%8 35.94%8 1.22
900 32.77%® 38.03* 39.10° 38.70° 36.67"* 1.38
1800 30.96* 35.64"° 36.69*" 37.12*8 39.09** 1.34
SEM? 1.40 1.30 1.33 1.08 1.24
0 31.89"C 36.66™ 38.92% 39.29% 39.43* 0.86
30 32.46"° 39.10™ 39.34* 39.87* 39.34 0.78
60 33.86™ 39.45* 38.44* 39.92 39.81* 0.72
a 300 32.01°¢ 37.86™8 39.49* 39.05*P 39.22%P 0.69
900 32.85%8 39.23% 38.73* 39.49* 38.99* 1.05
1800 31.53" 38.97* 39.46* 40.02** 3973 0.68
SEM 0.79 0.92 0.76 0.68 0.87
0 13.39%¢ 23.83%8 28.41* 25.66*" 27.86™* 1.87
30 13.76™ 28.33% 27.70** 27.30" 26.23%A 1.74
60 15.82%® 26.05%4 24.79*A 27.13* 25.16™* 1.51
b 300 13.98* 26.01°°P 28.58% 26.41*8 24.26"® 1.22
900 14.69*® 27.58%4 28.31* 28.44% 25.62%4 1.80
1800 13.42%8 26.48 26.13** 26.50° 28.77* 1.54
SEM 1.09 1.82 1.79 1.65 1.68

YValues with different letters within a column (a-b) and a row (A-C) differ significantly(p<0.05). ?Standard error of
the means(n=600). PStandard error of the means(n=500).

¥ 62 2719 =A% A3 =E millimeter waved] ZARAIZES 2EEE S we WSIE YEMY
AT AA7|7Ee] A&sHol wal ©7]19 FAE+= 30s, 300s, 900s FZAMTS AE Fol E7lst=
AgS JeERATh AAzsol= 900s 2AMT AEst foH oz YAl Uehdout A% ?___]

A7
Aoll= 30s =A7E 0.22 kg 22 F& #FS UEd e HlzAR 9L 1800s A &
Hog 3o AX k& UehAtt Gradient(g/sec)= 0HAAFEH H 13 73+ 71&7
N=7F ZE forces HEUHOE 71719 AR ozt E8A= AEE SIY =+ Ue= %ko
2 7)o millimeter waveE ZAMSF Az A =9 Axpe} o] vl ZATE 1800s ZAFTY V)
=7] & AR7IZEl A&l wel ®ste Fo] {foHor A Uy =Y E# 3o
PSS & 5 AU 30s, 300s =AY 71=7] 2 FoH o2 F7Fete] millimeter wave
£ 1800s olst® zAlSkE Zlo] @79 A F& IdFS HA= Zow BT
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# 6. Millimeter waveo] A A7HS 28gF @79 =27+

Treatment Storage time(days)
time(s) 0 1 3 5 7 SEM?

0 0.21"2AB 0.17°® 0234 0.21%AB 0.17°8 0.02
30 0.20* 0.20°* 0.204 0.19%4 0.22*4 0.02
60 0.21*8 0.19°AB 0.22%4 0.17° 0.19°AB 0.02
Zf;e 300 0.17°8 0.19°AB 0.19°® 0.23* 0.21%AB 0.02
900 0.19** 0.17°4 0214 0.20°4 0.20°4 0.02
1800 0.21*4B¢ 0.22%P 0.25* 0.18"B¢ 0.17°¢ 0.02

SEM? 0.01 0.02 0.02 0.02 0.02
0 0.22*4 0.16" 0.22* 0.20°AB 0.15*8 0.03
30 0.19%4 0.19%* 0.18* 0.19%* 0.21* 0.02
Gradi 60 0.22%48 0.15* 0.23* 0.17°8¢ 0.18%ABC 0.02
-ent 300 0.17°® 0.19%AB 0.18% 0.23* 0.20°8 0.02
(kg/sec) 900 0214 0.16™ 0.20*? 0.20°4B 0.19%AB 0.03
1800 0.19°AB 0.22* 0.24** 0.17° 0.16"8 0.02

SEM 0.02 0.02 0.03 0.03 0.02

YValues with different letters within a column (a-c) and a row (A-C) differ significantly(p<0.05). ®Standard error of
the means(n=360). YStandard error of the means(n=300).

7] millimeter waveE 0, 30s, 60s, 300s, 900s, 1800s &<t FAlste] 4TCo|A 7€ &<t
@L—s}tﬂ/ﬂ B G71e AxE # 7o YehAt millimeter waveE ARG 23 @r)o] o)

< 6.50~7.50F o= YEgton A {0 & xolE YUEH A gtov A7 3YA 9
HIZ’:/\}—TLOH Hlg 2ARe] #=H7] 93 A B2 AEFS UEUler AR 7TdAE
6.00~7.50F 0. & 30s AT &FHo] T2 HFE IUTH

D7) Bre A 094 1800s ZAFTFQ @7 ubo] 75008
T3re] ztol YEREA! Fskth AARTIZEE Bl 2ART9E millimeter wave 900s ZARTS] E
7] Bto] 6.504, 6.25H 0.2 & A5 vl w2 HAFTE B o; 30s, 60s, 1800s A=
A 7F713ko] x| &g ol whet ute] FHo] "WojA &= 7;1 2 YeEsth

Hl ZAM7E A 77130l F71ghe] et Hrt S7kete B3-S el ew $4

Aol felatE UEMUA] 9ttt millimeter wave 900s A= A 2719} vhx|go] 6.25% o

D7)l z2AZto] fFAEHE AFS YERATE 1800s AT E A xR7] 1508 0E H&
s wgkoy AR 794+ 5258 02 279 A7 F4o] WojA & Ao = YEy

@, B, 2RSS T AAAF VEEE A of BlZEAS J|ZEVl 475 o=
millimeter wave ZAbToll B3] frolHo g e Mg wgton A 79 o= 900s ZA
7F 6.25H 082 w2 H4E W
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ry

rr
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we 45E wgted g A
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¥ 7. Millimeter wave?] ZAF A7HS 283 @79 #AS5H7}

Storage time(days)

Treatment
time(s) 0 1 3 5 7 SEM?

0 6.50"*4 7.00* 450 7.00** 6.75%4 0.40
30 7.50%4 6.00° 7.004 6.50%* 7.50* 0.66
appear-a 60 7.00%4" 7.00%4" 8.00°* 7.00%4" 6.25" 0.47
nce 300 7.50° 6.25*P 5.50°® 6.50*" 6.50"AB 0.79
900 7.25* 7.00* 6.00** 6.25* 6.00** 0.72
1800 6.75*" 6.50° 8.00** 6.25% 6.25" 0.61

SEM? 0.49 0.70 0.71 0.66 0.53
0 5.00°* 6.00** 6.00** 5.75% 6.50** 0.72
30 5.75% 5.50* 6.50"* 5.25% 5.75%4 0.74
60 6.00" 5.50*" 4,508 5.75%8 4,75 0.62
taste 300 6.00°* 6.75" 5.50"A 5.75" 5.25%4A 0.66
900 6.25" 5258 5258 4.50" 6.25"* 0.58
1800 7.50* 6.25"8 7.75% 4.75" 5.50™8 0.86

SEM 0.54 0.79 0.68 0.76 0.73
0 5.00°* 5.50* 6.00** 5.75% 6.25* 0.65
30 5.00° 5.00° 6.50** 5.75%P 5.25%AP 0.59
60 5258 5258 5.50 A8 6.25"* 5.00® 0.49
texture 300 6.25"4 6.25" 4.50% 6.00** 5.25%8 0.61
900 6.00"* 5.75* 5.00°4 5.25" 6.00"* 0.43
1800 7.00°4 6.25%8 7.25% 5.50° 5.25%8 0.66

SEM 0.66 0.71 0.52 0.53 0.44
0 4,75 575" 6.00™4 5.50" 5.05%4 0.84
30 5.75%48 5.00" 6.50"4 5.75"8 5.05%AB 0.61
overall 60 5.75%48 5.5048¢ 4.50°%¢ 6.00** 4.25%¢ 0.62
accept-a 300 6.25"4 6.00°* 5.50A 6.00°* 5.25%A 0.70
bility 900 5.750AB 5,058 5,250 4.75% 6.25% 0.51
1800 7.25%8 6.00*AB¢ 7.75* 5.25% 5.50B¢ 0.84

SEM 0.68 0.75 0.68 0.61 0.76

DValues with different letters within a column (a-c) and a row (A-C) differ significantly(p<0.05). ?Standard error of
the means(n=360). *Standard error of the means(n=300).
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(2) Millimeter wave ZA} AlZto] W& 3o FHAEA
k3o millimeter waveZ 0, 30, 60, 300, 600, 1800s®2 =ZAFGF & 4T oA 7Y A A3t4A
A FAWstE AR

10

8 4

Total bacterial countsiLog CFU/g)

—a— 05
———%—— 60s

= g 300s
— = — 900s
——0—— 18005

0 \ T
0 3 5 7

Storage time(days)
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Fig. 13& AAR7IZF & FFY T 2714 Alds ®sE ekl 232 A0l
millimeter wave 60s ZAFTE HlZARFO] W] FoFom A yelytor 900s EAMTE
7.52 Log CFU/g .2 =4 Yelgt 300set 900s A= AR 5A A #5771 S7H8A Tt
TRl HAaste AEFS eI 30s 2AFE A5G Al Bl ?ﬂﬂ 794 1.65 Log
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KT A2 WHstE AT A, A LA BlEAY 30s Z=AFFIE A2 3.87,
3.82 Log CFU/g 22 folFHo=r Yo F45 ‘/}E}W‘}d ™ 1800s ZAH+7} 6.84 Log CFU/g
o2 7M1 =A Yebth A 79A|, vZzAREe) 30s AP 8.02, 8.14 Log CFU/g 2.2
o] XA z7]d H|s] ¢k 5 Log AE IAA F4 }OﬂE} millimeter wave 60s¢} 300s FAMT=
Ax717ko] FI7FEel wel #o F2ol 2z 0.7, 0.3 logE2 o F2lo] ZA YeERthFig.
14).

® 8& ARV &< FAF9 pH WEE SAHI A=, millimeter wave ZAF A G
F9] pHE ZAMAIZEO]l F71gte] wet S7bshe AdFS Jepilen vlzAe] pHoll 1] 3]
ZAMES] pHZF =41 UEtR T A 7|zbe] A&HFE v A} 0s, 30s Z2AMTFE foH o

2 pH7} Z71sl= Ao 2 el on 1800s AT pHYF frojdoa =2 718 e dch

¥ 8. Millimeter wave2] ZAF AZHE 2|3k 32| pH W3}

Treatment Storage time(days)
time(s) 0 3 5 7 SEM?
0 6.121¢ 6.17%8 6.19° 6.20°* 0.00
30 6.13° 6.18 6.21%" 6.22°* 0.00
60 6.12° 6.16°¢ 6.19 6.20* 0.01
300 6.18>* 6.14 6.15% 6.17% 0.00
900 6.19°4 6.07% 6.184 6.194 0.00
1800 6.20° 6.13* 6.23* 6.32° 0.01
SEM? 0.01 0.01 0.01 0.00

YValues with different letters within a column (a-d) and a row (A-D) differ significantly(p<0.05)
Standard error of the means(n=18). ¥Standard error of the means(n=12).

oAb nFHE FFe 1.20~1.739 WARE AH %7
WA O millimeter wave 30s ZARFAA T F7)sh=

UERA] ekt
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# 9. Millimeter wave2] ZAF AIZHS GE]3h Sl 7184 1Y E &
(Unit : °Brix)
Treatment Storage time(days)
time(s) 0 3 5 7 SEM?
0 1.530A 1.43%48 1.37°8 1.37° 0.05
30 1.47° 1.57*4 1.50** 1.57*4 0.06
60 1.53% 1.30%4¢ 1.43%B 1.50°48 0.03
300 1.67* 1.204 1.278¢ 1.30% 0.03
900 1.73*4 1.33bB 1.47%® 1.43bB 0.06
1800 1.47° 1.33%B 1.278 1.30% 0.04
SEM? 0.05 0.05 0.05 0.03

YValues with different letters within a column (a-d) and a row (A-B) differ significantly(p<0.05). ?Standard error of
the means(n=18). Standard error of the means(n=15).

Wileight loss(%a)

— -8 — 900s
——0—-— 18003

0.00 T

Storage time(days)

Fig. 15. Millimeter wave2] ZA} AIZHS 2| FF2 AAFTHF Hel&

Millimeter wave7} ZAFE oA}

I+= Fig. 16} o AA7|3ke] A
T FFF FA EAES 0.05-0.20%2 HE FEFol vel A vEsten 900s =AM
HunZ £ &4E5S UeERATH

okxFZzo] olB Mo oFArol EALS A=Y =93 29 = FU}E millimeter waveo)
ZAA RO B AT Ax WHslE SA4% Ay % 1034 2o L @2 A% 2719 60s
ZAM7E B8 @S YEURLA 900s 2AMTFE R #s YERIT. A 7]3o] A& He
= Hl AR 60s A= Lo gtol Zastes e UEh ey 30s, 300s, 900s ZAMT=

Z7kshe A4S U 1800s 2ATE Lgtel Ro4E dehlA gtk a g wEA
F7h AR Wk FbsHe A denigon
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A%E dehiglon a ghol Wshae] mEAT wsl 2ATIL He WskFE venle %
gFe] x%do] 0¥ R4 He JoE BEAL bFS BE A7 A% 394 Sty
A 7L AN AR 21 9 S AVE UIRloN MEATE b Bol F93

rok

X 10. Millimeter wavee] ZFAF AlZFE 2E 3 ZASE kAl A x

Lo

Storage time(days)

Color Treatment
value time(s) 0 3 5 7 SEM?®

0 31.00""B 32.06** 29.66° 30.69 0.14
30 31.85% 32.49"8 31.46" 33.27 0.26
60 32.07*% 31.90*" 32.27* 31.51® 0.33
L 300 31.50%B 32.42° 31.798 32.26™ 0.19
900 30.89° 31.87° 31.53%8¢ 32.89* 0.45
1800 31.56%* 31.98* 31.81°* 31.534 0.32

SEM? 0.287 0.344 0.263 0.295
0 -4.90%® -3.61%4 -3.76** -3.69** 0.08
30 -3.87* -4.20" -4.72® -4.30"B 0.23
60 -4.73¢4AB -4.83¢AB -4.59bA -4.85B 0.11
a 300 -4.50<A -5.33%P -4.93 -5.10% 0.04
900 421 -5.24% -5.248 4,20 0.13
1800 -4.49°A -5.334¢ -4.48 -4.97°® 0.11

SEM 0.16 0.17 0.09 0.07
0 10.03* 10.10° 8.67°C 9.63® 0.16
30 9.50>" 10.67°4 10.48* 10.74*4 0.27
60 10.30* 10.61%* 10.76** 10.57° 0.26
b 300 9.92%P 11.63* 10.80°¢ 11.19%® 0.13
900 9.37® 10.93* 10.99* 10.81%4 0.3
1800 10.17*® 11.19%4 10.78*AB 10.43%8 0.29

SEM 0.236 0.277 0.256 0.209

DValues with different letters within a column (a-e) and a row (A-D) differ significantly(p<0.05). ®Standard error of
the means(n=600). *Standard error of the means(n=400).
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Fig. 16. Millimeter wave?] ZA} AI7FS 283 k39 %2 7HCount peak)

Fig. 16-& 3o =x7e =43 A2 TPAS Count peak: A&7} blade$t H=3HH
Ao e YEhe oA AR obeh wa Sol o2 Jje] WAz Y w2
b Bess AR} O opatelAY wpaksltie Ae & 4 Utk dFel count peakE A
A %7] millimeter wave 30s ZAFE 7 e 7S YEY oW 900s RAFTFE M =
& Jehol FdFe obatgte] o At A et AR 3YAlE AgxT 2
2] BlzAF7O) count peak’t FoH oz A YeEhFou AR 5AME A e e e
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Millimeter waveE ZASE 452l DPPH #tZd AA (54
173 2}k A= 80% methanolol] F%3Fe] 10mg/mLe] H%
At A3 26.17~41.36%= A 7|3to] A& DFE v AT FATAT S
el o A& 798 = millimeter wave AT FAFodSo] HIZANTY HlE] oo

2 92 e YeEhin.

400

Folyphenol contents (G.A mg/100g O W)

200
— e 0
L ——-%—— 60s
——v—-- 3005
—-&—  900s
——O—— 18005

0 3 5 7
Storage time(days)
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Ak A3 AA 0¢A millimeter wave 900s ZAFF7}

mg/100g o2 71 &5 &HFHS YeEI oy 60s ZA= 246.35 G.A mg/100g
o= 7}% A YEbsthFig. 18). A 3G Al ZAFFIE HIZANT HlE)] FoHoRE E2
% ZuE e dEhiIdon A4 59, 7dA ol Zasts AL st W
005 ZATFE ARINo] ALELE FONCE B EellE Fol BT
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Ascorbic acid contents{mg/100g D W)

Storage time(days)

Fig. 19. Millimeter wave2] ZA} A|ZFS 2E]3 52 Ascorbic acid $F&F

_67_



Fig. 19& Millimeter waveE ZA}gF 9kAF3=9] Ascorbic acid(R1E}Rl C) &8 UEld Aol
o HE C &2 AA7IZre]l A&LHd met ZHastke AFS JdEdde AR 27] ¥z
AbTE HIERRD C ko] ZART O Mg £2 e UEer AR 7R 22X 08 3
Zste] 2ARSE W29 FEEe UER QLT

(3) Millimeter wave XA} AlZbol] W& 7Hzo] EZEA
72k millimeter wave= 0, 30, 60, 300, 600, 1800s= ZA}gF 3 4CoA 743 A AsHHA
FAWMSLE A H T

Total bacteral counts(Log CFLIfg)
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Storage time(days)
Fig. 20. Millimeter wave?] ZAF A7+e 283 7121o] & 3714 M5 ¥HE

AZ7IE T AR F 27 A WHItE uUEkd A3 Figo 203 2ol A0
millimeter wave 60s, 900s ZAbt= Z+ZF 6.15, 6.20 Log CFU/g &2 ooz =4 yelyt
ok A 14Yol= 300s ZA7}F 5.48 Log CFU/g .2 YA Yelskoem 30s, 300s, 900s FA}
T F 37 Al dadske AoE UeRoy AR 214, 289+ #v S ATH
A7 28U o= 1800s ZAFTE7F 7.60 Log CFU/gs 47} 7b4 %A vehgt).
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Coliform count{Log CFU/g)

Storage time(days)

Fig. 21. Millimeter wavee] ZA} AIZFe 2E|d #xte] digddw A3

Millimeter waves AR ZHAFS] i+t WH3lE @3 AH= Fig 213 2ok Solberg
5o vrtE 8 49 dAFESE 3 log CFU/g ©18t2 AA A7 7|&S AN AT &

TAH AN = AF=27] Ao AT HIZAHLOHH 3.53 Log CFU/g o2 ZA}T-
3 foHo=Z =A Yyehgtom 30s, 300s ZATE 2.00 Log CFU/g o2 YA Yelton
7170 A &KEFE AAFTT7F VAT AR 7R = 60s, 900s, 1800s ZAf-ol A
o] UERUEA] eeto v A M4AAFE = SA AT AR 8L A= BIZRA Bl%ﬂ
30s, 60s ZAFTS] AFTE7} 2.95, 2.92 Log CFU/g o2 Z7latg ol o2 Algd H3) &
Ao R It dFE UrE‘rHJ‘}iEE] A HE 7E oldtE YENT

04 4 /3"'/

YWisight loss(%o)

Storage time(days)
Fig. 22. Millimeter wave2] ZA} AlIZFS 2E|d 7Hxte] AASHF A&
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& At A7)

2k &< 60s, 300s, 900s Ao FA E£HES HIZANTS}F 30s, 1800s AR
of Hla of 2ujg =

= vEbston HlzAbTe] AT ko] JH vA yERSThFg.

F 11e 749 pH WslEs 243 ARE 6.27~6.659 FFo 2 Vel om AA7|zto] A
&2 4 E millimeter wave ZAFe] fF-o A#Flol Aol pHYF FAdteE AFS UYERAAS
o 300s ZAFTE A AZ7] 6.5700A AA 28UA 6272 7449 Zo| g2 AlZo H|F HI
2 3A JERT

kd

11. Millimeter wavee] ZA} AlZH& 223k 7+Ake] pH

Treatment Storage time(days)
time(s) 0 7 14 21 28 SEM?
0 6.65"4 6.41°® 6.26C 6.23% 6.44° 0.04
30 6.53% 6.43** 6.35°4 6.434 6.46** 0.09
60 6.49°* 6.31°¢ 6.42°8 6.20°° 6.47 0.01
300 6.57° 6.42%8 6.38%B 6.33B¢ 6.27°¢ 0.04
900 6.54°* 6.41% 6.49°AB 6.41°¢ 6.47° 0.02
1800 6.56"* 6.44°° 6.51° 6.46*P 6.48*%C 0.01
SEM? 0.03 0.02 0.06 0.02 0.07

YValues with different letters within a column (a-c) and a row (A-D) differ significantly(p<0.05). ?Standard error of
the means(n=18). Standard error of the means(n=15).

Millimeter waveE ZAFSH & 289 %9t A& =AH3 74xle] Mx= w 129 ok 7
Zbel WS AT L g2 A4 Z7] 65.93~69.00, A7 28€A = 65.17~67.22E millimeter
waveo| FEARTR-o mE FolAE UE A ke A AQ7|3bo] ALdFE nEAT ek 60s
A= L fhol S7hete BAde vEHley UmA Ass L ol fastes FdFe U
ATk a @S 60s ZAFT7F 130014 03322 F7lsls o 1800s A= -0.11914 0.91=
7ol A YElRTh b #e AR x7] 60s AT 27.222 FoFHo® £ e eI
A 28YA G E 285002 F2 S UEWHou F93 Zole yEhAl &gt A%
ol A&LdFE WA} =AM A= b Fhol STske BEFS UERA oY 1800s =
ARl b BEE T AE YERA] St

rr
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X 12. Millimeter wavee] FA} A|7HE =283 ZAFSE 7HA1e] A=

Color Treatment Storage time(days)
value time(s) 0 7 14 21 28 SEM?

0 66.42134 67.49° 66.97°4 65.27%4 67.22%4 1.24
30 69.00** 64.44°¢ 67.80°AB 68.73%A 66.06*5¢ 1.06
60 65.93%B¢ 65.62°¢ 68.05%AB 69 pqabcA 66.1128¢ 1.09
L 300 68.30%AB 65.78"B 69.12%°A  66.77%°AB 65.86%° 1.30
900 67.40*A 69.27%4 66.40%4 66.95%A 65.85% 1.71
1800 67.27* 66.25 65.52% 66.18* 65.17%4 1.43

SEM? 1.62 1.28 1.09 1.23 1.35
0 0.77%A -0.02%A 0.46* 0.39%4 0.21% 0.44
30 -0.69°B¢ 0.95* -0.97° -0.17°8¢ 0.23%B 0.52
60 1.30% 0.24%°8 0.02%B 0.18%8 0.33%AB 0.50
a 300 0.25%4 0.02%A -0.18%4 0.81%4 0.84% 0.53
900 0.08%4 -0.69% 0.22% 0.54* -0.05* 0.74
1800 -0.11%A 0.03%4 0.58% 0.56* 0.91% 0.60

SEM 0.72 0.51 0.48 0.57 0.50
0 25.87%C 27.92%8 26.339BC 29.60* 26.49%8¢ 0.90
30 25.38%B 28.46* 29.37% 28.03%4 28.50* 0.84
60 27.22%B 28.84% 28.18%cA 26.01°® 28.25% 0.86
b 300 25.05B 28.22% 27.420¢4A 28.19%4 27.45% 0.83
900 23.319¢ 27.55%8 29.09%A 26.55%B 27.41%8 0.80
1800 26.51%4 27.08% 27.15%4 27.90%A 27.40% 0.74

SEM 0.67 0.87 0.83 0.83 0.92

YValues with different letters within a column (a-d) and a row (A-C) differ significantly(p<0.05). ?Standard error of
the means(n=600). *Standard error of the means(n=500).

£ 138 A 2A7E ZAT AR NBAT D 2AT BF ARl A&l wf
& gAe A= RAHOE Badsts AFE UEAAOM 1800s EATF] FS Fho F
o) 1% A e Gradeni@lseo 0314 Ao AL 0 A2 AR 2

2 forces YEMAE 7] &7]9 AZo wel EAe= AEE AT 4 e #olth. & A
TolA EE AR forcew AA7|ZEo] A&H wet fHaAdste AFES UERHA S Y 30s,
60s, 300s A2l 74-¢- gradient kol F7ishe &S Ueldo] Als7F WEd weo g 7
A3tH oy EHRA ¢ Aow Jebyth wbA Bl Z2AR9} 1800s &AM gradient zEe 7
2sle A4S Ve AT millimeter waveE 1800s ©]3tE FASIE Zlo] HAte] Edo) =
o
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X 13. Millimeter wavee] FA}F Al7Fe 283 7Hxle] %A 17F

Treatment Storage time(days)
time(s) 0 7 14 21 28 SEM?
0 10.47"%A 9.33%8 8.64*C 8.49%C 8.67% 0.22
30 10.14%A 9.24%8 8.52°8¢ 7.83% 8.72%¢ 0.43
60 9.38% 9.32°4 8.58%" 8.44%° 8.77* 0.22
Zf;e 300 9.88cdA 10.26** 8.83%° 8.02°5¢ 8.14"¢ 0.36
900 9.544A 9.444 8.44%® 8.53% 8.07°® 0.21
1800 10.59** 9.65"" 8.75% 8.51% 7.97°° 0.25
SEM2) 0.31 0.35 0.24 0.34 0.22 0.00
0 8.074 7.83%4 8.05* 8.78*4 7.47% 0.60
30 7.3304 7.22 8.08"* 7.92%A 8.33* 0.51
Gradi 60 6.338 8.02°A 8.56™ 7.84%4 8.04% 0.57
-ent 300 7.74%<B 9.32*4 8.45%B 7.33%8 7.97%8 0.54
(kg/sec) 900 7.47°8¢ 9.12%4 7.58" 7.79%8 6.61° 0.42
1800 8.96* 8.22:0eAB 7.94*AB 7.81%AB 7.48°8 0.54
SEM 0.66 0.52 0.53 0.56 0.34 0.00

YValues with different letters within a column (a-c) and a row (A-C) differ significantly(p<0.05). ®Standard error of
the means(n=360). PStandard error of the means(n=300).

Polyphenol contents(Z A ma/100g D)

40 4 —e— 03
e 30s
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Storage time(days)
Fig. 23. Millimeter wave2] ZA} AI7He &8st 7HApe] &
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Fig. 23& 7+7o] millimeter waveS A|ZPEE xAleta A A HA 243 2 29 =
< Yyehd Aoty A F ZEdE FFe 30s, 60s, 300s A7 81.62~86.01 G.A
mg/l00g o2 FoHos wo e Yehfglont 1800s ZAFTE 69.00 GA mg/l00g o=

Mg e e BT AR 7Ite]l ALE S millimeter wave A F EEHE ¢
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Fig. 24. Millimeter wavee] ZA} AlZH& 2E|g 7422 DPPH & &A%
ZAAE 80% ethanolZ F&3Fe] 100mg/mLe] F=Z DPPH #ltjZd AAS(FATHS)S =
. AAY] FATA S 50.17~60.37% = A A7 ko] A &SEHFE ]
TFAhFA ol F7FH 2. millimeter waveE 1800s &<QF ZASH A=
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Storage time({days)

Fig. 25. Millimeter wave®] ZA} AIZks &3k 7+2ke] Chlorogenic acid &
Z+219] chlorogenic acid $H&2] =4 Z3}+= Fig. 259+ Z°] millimeter waveE 30s &3 =
=z

AR ZFA}= 45.84~56.50 C.A mg/100 &= =2 chlorogenic acid &&= WEFHA ™ 300s
Aol gheFo] Bl A WA yEykT
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Ascorbic acid contents{mg/100g D.W)

Storage time(days)
Fig. 26. Millimeter wave®] ZAF AIZkS Eeld 2ke] Ascorbic acid(¥ErRl C) &

Millimeter waveZ =AM Z+2ko] H]ERT f&%k =4 A3 Fig, 263 o] AA7Ite] A%
2ol oz} 7+Ake] HlEtYl C geFo] 7HAadte AdS Jehen AHAZz7)o= 30s, 60s A
T9] deFo] =A Jelgou A 289A= vl AT HIEMY C dEFo] 54.05 mg/ 100g <
2 ZAF(42.7~51.73 mg/100 @l B8] k37t =A eyt

(4) Millimeter wave XA} Al7bol] whE okfolyiAle] FHEA

FolH Ao millimeter waveE 0, 30, 60, 300, 600, 1800s= ZA}3F 3

Al FAWEE ARt Tabel 14+ F 3714 Ald+E S43 AHE AA7|He] A
o wal B ZAF, 60s, 900s, 1800s ZAFT9 FHF7F Fe X o=

ol
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=
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5.: 1P

3 14. Millimeter waveo] ZA} A|7FHS 23 940
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i
AN
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(Unit : Log CFU/g)

Treatment Storage time(days)
time(s) 0 1 3 5 7 SEM?
0 6.09¢ 6.54%8 6.55% 6.58"8 6.81% 0.05
30 6.20%A 5.84°P 5.92°C 6.10°% 6.13® 0.03
60 6.10C 5.68% 5.86°0 6.24% 6.70%A 0.06
300 6.53% 5.97°C 6.25® 6.49°A 6.54% 0.04
900 5.71¢ 5.998 6.03%8 6.078 6.44°* 0.06
1800 6.05°° 6.08°P 6.34%¢ 7.17%8 6.97* 0.02
SEM? 0.05 0.06 0.04 0.03 0.04

YValues with different letters within a column (a-e) and a row (A-D) differ significantly(p<0.05).
YStandard error of the means(n=18). ¥Standard error of the means(n=15).
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2 WHISlE A3 2y Aol A&SH| wEl AdFUE SUNS=
W AA&AZ7)dE Bl XA BlE] 900se)t 1800se] AL+ &7 FeFHow

Bl ZAEY] A &+#57} millimeter wave ARl BE] f-

¥ 15. Millimeter wave?] A AZHS 283k AdFolyAle A& WHE

(Unit : Log CFU/g)

Treatment Storage time(days)
time(s) 0 1 3 5 7 SEM?
0 6.37"°F 6.65° 6.93°¢ 7.63%® 7.95% 0.09
30 6.66" 6.23™ 6.75% 7.53%® 7.67°* 0.02
60 6.27°¢ 6.33°¢ 6.828 7.50% 7.67° 0.14
300 6.42°P 6.86"¢ 6.94°¢ 7.28% 7.60°* 0.05
900 6.13° 6.94° 7.01°¢ 727 7.53% 0.10
1800 6.17%P 6.51% 6.80% 7.58% 7704 0.13
SEM? 0.05 0.02 0.02 0.21 0.02

YValues with different letters within a column (a-€) and a row (A-E) differ significantly(p<0.05).
YStandard error of the means(n=18). ¥Standard error of the means(n=15).

i

Millimeter waves ZARRE FFoIMAe A7 ¢ WATTse Has AT 2
£ 169 YerIth AAzso] tia#asE 3.00~4.41 Log CFU/g
F7F A vl el o A yEiten 1800s =AMTE A 1LdAF
ASHA Fdth =3 HZARTY] tHETS ARV ALEFF fFofHow
&S et e 30s 2AFES 300s 2AFTE AR e oA
oy fFoxtE YERA gFokth. ZhAbe] millimeter waveE 1800s 5% FAMSHE
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4g oA ¥ & e Qo puwn,

o
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>
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o
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¥ 16. Millimeter wavee] FAF A|7He &8]8k dFEolHAlel m|AE AdF HIHAFT)

Storage time(days)

Treatment
time(s) 0 1 3 5 7 SEM?
0 4.4114 3.30° 3.50*" 5.00* 5.00* 0.43
30 3.50°4 3.97*4 4.10* 431" 3.50% 0.42
60 3.50*" 3.58% 3.00"® 3.58® 4.44°* 0.29
300 3.50"* 3.83* 3.74* 3.65% 4.00 0.28
900 3.50*C 3.934P 4.00" 5.02° 3.48% 0.21
1800 3.00° N/D N/D N/D N/D
SEM? 0.46 0.31 0.29 0.23 0.17

Yalues with different letters within a column (a-d) and a row (A-C) differ significantly(p<0.05). ?Not detected
within the deletion limit < 10° log CFU/g. Standard error of the means(n=18). “Standard error of the means(n=15).
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Fig. 29. Millimeter wave2] FA} A|7tS 2E|d SdoimAle zheo] Md&

Millimeter waved ZASE FFolHA z ME-&S =43k Fig 299 YepHSdTt 60s FAME
= 8.33%°04 18.33%= F71stor 7hd W MEE YeERNATE 1800s =AM A5 AR 3Y
Aol WAL Zro] 50%017d MEE o] FFolmslel Fd Asirt & + A& A= Aekdnh

¥ 172 dFolmAle A &4 Ax=E HEE Ueide L e AZ27] 93.22~94.29%
millimeter wave®] ZAF 5o mE FYAE UERRA &Aoo}t AA7|Te] A&DSFE L g
o] Zradte Aol UEt o™ HlEANT o] ZARTS Latel A yERTH a @k A% 0
A -0.36~-0.58, A 3YA -0.04~-0.37, AF 7TLA -0.04~-0.452 Zase= Ao o
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millimeter wave®] ZARFF-o & xfolE& YERUA] 23Ut b 3k AR7|Zto] A&l
2} FFolmAle b ol FUIskeE AEES UEI e 30s AL b g2 9.32~12.04= ®
3lo] Zo] A yERyT)

¥ 17. Millimeter wave?] ZAF A|7HE 283 2ASH &kdo

HALe] A

Color  Treatment

Storage time(days)

value time(s) 0 1 3 5 7 SEM?
0 93.22% 93.38%* 93.62°* 80.61°° 90.36® 1.29
30 94.29* 93.52%P 92.63%8 90.87* 91.28* 0.48
60 93.24* 92.59" 92.27%4 92.30* 89.77%B 0.45
L 300 93.65* 93.54* 90.74"® 91.88*P 90.16™8 1.05
900 93.95% 93.44* 92.06"8 91.45% 89.98°¢ 0.53
1800 93.98* 92.76™P 91.81%8 91.82°® 89.40" 0.72
SEM?” 0.59 0.37 0.91 1.21 0.75
0 -0.36™ -0.30°8 -0.36" 1.80* -0.45%8 0.42
30 -0.58% -0.35bBC -0.23* 031 -0.34%8¢ 0.14
60 -0.58* -0.49%4 -0.37*4 -0.19"* -0.19* 0.18
a 300 -0.43%® -0.39>B -0.16*B 0.07°* -0.19*B 0.15
900 -0.56°¢ -0.28%8 -0.06*P 0.04°* -0.21*8 0.13
1800 -0.46* -0.15* -0.04** 0.00°* -0.04* 0.21
SEM 0.14 0.08 0.15 0.39 0.24
0 10.29*® 10.19>® 9.80"" 15.73* 14.48%4 1.25
30 9.32°8 9.47® 10.28*® 13.54%4 12.04°* 0.83
60 11.25% 12.20*® 12.44%® 11.25%8 14.89%4 0.64
b 300 10.448 10.19>® 10.55%"8 11.59"B 14.22%4 1.13
900 9.63%8¢ 9.41¢¢ 10.61%°5¢ 11.52°B 14.76™* 0.95
1800 9.29°¢ 11.08°5¢ 11.79*® 11.09°5¢ 15.57*4 1.11
SEM 0.76 0.55 1.10 1.12 1.30

YValues with different letters within a column (a-b) and a row (A-C) differ significantly(p<0.05). ?Standard error of
the means(n=600). *Standard error of the means(n=500).

FEolH Aol Millimeter wavee] ZAF AlZHE DeEldte] =
o AR 0dA FEoImA BE= 30s =AM M = =
900s A7} e gk ehAch A TLAE 900s ZAHEIE f-2] %
e Jeridth AT B9 BE RS ARE Padts AT Vel
T AR 3YA =& AR fe HEUTTE AR TRkl A &Hel wEt g
BRlaL Al5Fel w8 A5 #he FA8IAT gradient gt A&7|zko] A&
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NAETE FA3 gaste Ao HATH 300s RATE
A% 3AAAAE fFOT Frhstel FolMAe] o] L IFL WAL AF 5

¥ 18. Millimeter waved] ZA} A7+

ftlo
utt
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2
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o
N
N
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Storage time(days)

Treatment
time(s) 0 1 3 5 7 SEM?

0 1.40%4 136 135 1.36° 1.35% 0.09
30 1.87°4 1.33® 1.41°® 1.430<4B 1.52%<B 0.11
60 1.50edAB 1.65* 1.37"® 1.63%4 1.38>B 0.10
flfgr;e 300 1.74"8 1.63*" 2.00* 1.79*A8 1.60°® 0.12
900 1.3598 1.39%A 1.34°48 1.53%A 1.10% 0.12
1800 1.62%4 1.79*4 1.00°¢ 1.30% 1.57%4 0.12

SEM? 0.12 0.12 0.12 0.10 0.09
0 1.20°<A 0.77°8 0.58%B¢ 0.56°5¢ 0.48°¢ 0.11
30 1.38 @A 0.84°8 0.87 0.76*¢ 0.59%¢ 0.10
Gradi 60 1.65 1.41%48 1.11°® 1.09%8 0.56°¢ 0.17
-ent 300 1.49"B 1.30°5¢ 1.93%4 1.07°P 0.73%° 0.18
(kg/sec) 900 0.68% 1.02°* 0.814AB 0.75%" 0.59%8 0.12
1800 1.08* 1.43% 0.50¢ 0.44°¢ 0.53¢ 0.11

SEM 0.17 0.14 0.11 0.16 0.06

YValues with different letters within a column (a-e) and a row (A-E) differ significantly(p<0.05). ?Standard error of
the means(n=360). *Standard error of the means(n=300).

—e— s

Folyphenol contents( A magig D W)

o] 305
7| ——-¥—— {05
— e —- - 300s
— & — 9005
—. —O0—— 1800s
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0 1 3 g 7
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Fig. 30. Millimeter waveo] ZA} A7HS GE|g FFo|HAY F Z
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FEoHA Y F ZPdE FHFS S4HI ZFE Fig 309 YeEMAT vl2A] F EE

%] 6.43 G.A mg/ge = 7} @& FFs et oy A 1A FE =
EF ITh millimeter wave 60s ZAME 6.67 G.A mg/goll A 6.13
heFol A UERRTH

i nllo 2
iy

(

40 A

DFPFH radical scavenging activity( %)

204 ——f—- 3003

Storage time({days )
Fig. 31. Millimeter wavee] ZA} AZH& 2|3t FEolHA e DPPH dZd AAF

Fig. 31-& millimeter waveS XA}gH %‘E%\—Olﬂiﬁﬂ DPPH &tz £AS(FA2EAds)S 4%
Az I FEYA s FF S Ao} vt FEoE H AT FaAFATS A 0
of 72.02%=% 7} w2 e UEt oy A A7|3to] %7}??}01] wet A3 #hel SUhet
o o1} millimeter wave ZAFTES AAA 7o) Ao wrat gro] A= AdFS el

(5) Millimeter wave ZA} AlZtol] & woldHn|o] FAEA

Totdr= Arlol millimeter waveE F3k Bl 2ARAZE GElste] ARt WolE AR
T Ay SA4e stk MMWe] Fub 8l AL AZbs e’ dv)e) Hobgs & 199 e
AT ZE APToNA dulo WMol E2MMWE ZABHA ¥tz Hlste foxo=s
Z7V5HTh MMW W24} tzze] Wolgo] 80.0%% UEhtA T, MMWZAL ddze] wobg
2 91.5-94.8%% YEbTh ShAIT Fukpo] Al7]e} ZARAIZE whE ol r] o] whols 2 f
o2 zpol7h UA] &9kt
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3 19. Millimeter wave®] =3t 9 AL AIZHS @] dotdn| o dolg

Sample Germination percentage(%)

Control 80.00 + 4.08V%?
60GHz/6 hr 91.50 + 4.04°
60GHz/12 hr 93.75 + 2.50°
70GHz/6 hr 93.75 + 2.06"
70GHz/12 hr 94.75 + 3.59°

UStandard error of the means(n=18). ®Values with different letters with in a column(a-c) differ significantly(p<0.05).

HoldAn| I MMW ko] Ml7] g Aol ohe} AR S W, 2ol fAe] ke WSyt
RS FAEAT (B 20). Foldw| o] F2 7|54 < GABAE MMWE A& 3t9< o,
A5t e Ulz2T Btk GABAS o] 7A%t A& AT 4 Ak (& 2D. E AT
A e] wro} zA oA e woldm o] GABAZ#S 27.96 mg/100ge. & YEFon, MMWES 70GHz
2 6AIZE AN S W 17.46 mg/100go. 2 FojH o2 FA Fasth. MMWE 70GHzE 12
A7 ZAVEHA S wl= GABAS] 3HeFo]20.96 mg/100go. & 6A1ZF A BTk Z713HS geld 4
Atk #wrlel 60 GHzel F3 A7|E 6A1Zt 12A17F 2=AF Al ZhZE 28.55mg/100g<}k 26.69
mg/100g2] GABAEZOo & JEF oW, o] 70GHz ZAMe} Zo]12A17F ZA} 6A1%F ZALETH
GABA9] gh&go] F71sHe sttt

¥ 20. Millimeter wave?] ZAF AIZHS @83 woldn] o] F2o] /4 haF 2 GABA &

Sample Dietary Fibers contents (g/100g) GABA contents (mg/100g)

Control 3.77 £ 0.25"2 2.80 + 0.08"®2
60GHz/6 hr 3.57 £ 0.11° 2.67 + 0.06°
60GHz/12 hr 3.88 + 0.35° 2.86 + 0.02°
70GHz/6 hr 3.74 £ 0.21° 1.75 + 0.05¢
70GHz/12 hr 3.63 + 0.15° 2.09 + 0.11°

UStandard error of the means(n=18). ®Values with different letters within a column (a-d) differ significantly(p<0.05).

MMWe] ZAF 27| uE oldn| oJtotal polyphenol content, flavonoids content and DPPH
radical scavenging activity & 3% 219 YeE AT F359 A719} ZAMAZRO] F715 el uhef
total polyphenol content”} %7}&}1 2w, DPPH radical scavenging activity®= Z7}3+g &Hls}
Fth. 53] 70GHz 342 MMWE ZAMSI3 S wl total polyphenol content= 48.0~49.5 G.A.
mg/100g D.WezZ MMW HlZAF A+ (45.2G.A. mg/100g D.W) RO fFolHo=z FI7Istd e
™, o]w|DPPH radical scavenging activity®] ICsoat% 146.2~150.0 mg/mL=Z MMW H]ZAF A3
T (156.2 mg/mL) Xt} FA AT AT, MMWEAF A3 o] woldn] flavonoids
content= 10.6~ 13.4 catechin mg/100g = MMW H]ZA} tjZ+ (11.5 catecchin mg/100g) 3}
Frol2 Zpol7h »A| &gkt o= @wle] ol ¥ flavonoid content= MMW Z=Ate] ofsle] g
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% 21. Millimeter wave®] ®A} A7+ 2 woldnle] % ZesE ¥, DPPH 20z &
A% B ERwols g

Total polyphenol content DPPH radical scavenging activity  Flavonoids content

Sample (G.A mg/100g D.W) (ICsp, mg/mL) (catechin mg/100g)

Control 4517 + 1.53V 156.15 + 1.16 11.45 + 3.20°
60GHz/6 hr 43.68 + 2.99° 155.26 + 3.35% 12.04 + 1.95°
60GHz/12 hr 46.16 + 1.64° 149.93 + 3.79" 11.06 + 1.41°
70GHz/6 hr 49.39 + 0.53° 14621 + 2.80° 10.60 + 1.85°
70GHz/12 hr 47.98 + 0.70° 149.99 + 3.63% 13.35 + 3.75°

UStandard error of the means(n=18). ®?Values with different letters within a column (a-c) differ significantly(p<0.05).

3. A Eo] WE millimeter wave £ B4 Y

NEH 2 FAA} AAA Wol AL We] Bagaee AT go] Agie} senw
JER} T A4RE $a452 $847 27 duAg Agse 589 dehm, d55
EAASE A4 WolAe] @7 oz &2 ofnsie dw WA

o] F7]dH

- ( A¢A0)2

S ©
. BANYE

€ T Tg8.686nd - (3)

A7NA Ape AFEFAAAY FAm), de= wWZY FAMm), sev D WE IO 9|4
(radian), A4+ 2P 3 4 (dBE 44 Yet A

mEbA] 2 (2)2F 2 () ol &3t AfFETIAAY FAAE FHste LEvE T 74
of dAtE SAFOEN A9 FHES 7T F UA Hoh

dAe) QeviEn FEEY FAALIN AR FEEH USHE ZH] AgAE AT
Aesh dueET e RAhY FA50 aTEG. gy Welvlen gash AdusE
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23 5 = e B Al~ES TS o] Basith YA AGHNZ(V)I 93k
o zv= EnE oy AL £t 29 A AZ3) 9kl ME AS 7 HAT 94
W dy= gex 2o

7] A,

A - ujde Este) Yo wenEste] 7+41(dB)

V, = wjzo] e E Yelul et AEALV)

Vo= mde E3ste] o weue s dEAHY)
Ay = De)ulEl 5 9] sHradian)

W s mde Exste] o wevE S 94Hradian)
Yo = Aol YAE = BeluE s} 9| 4Hradian)

Wepd 47 A () 9 4 @ %
AE o2 BUAEY s nE SAH vuE 53}
o

Aok ol Age] JEUE WL TS A fete T AELRS] FOoE EA

T FETUEE ol&sit. FREEE e 2ol BAHY SR T £ ddFs
‘/PE} T Atk

. W

pn = MCldecimal ) < 7 — )

A7 Pme FEAE (kg/m’), MCdecimaDs A 89 H&7E FEFEF, W A8 74
Ve MEE0 9 Ra()E 474 dehdt

TESE AL FHFE BAs] st FEUEE SEHS, dYvEH 34 2 oA
H3lE SHHTE sto] A¥ IFEH S AAsAH.
o A 5 a3

D @] FH1A 54
TA Aol @Al Beef, PorkE Raw, Cooked, Cooked juice® o] whulz sheks oy
SFATHE 24).
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3 21. Protein content of sample in percent by weight

State Sample Protein(%)
Beef 29.4
Cooked
Pork 31.1
Raw Beef 22.7
Pork 23.2
Cooked juice Beef 4.6
Pork 3.8

g 70
—4— J0GHz —4— 30GHz
~g 100GHz 60 - ~o- 100GHz

an Q.. —¥— 250GH:z —¥— 250GHz
= S
c 50
g Y f
(1] =
£ &0
Q $ 40 -
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g 404 N 5 21 ¢
] N ksl
? \‘S L e
- @ R R R

ol B e

D n '\\\

20 St

e
10 \9
D T T T T T T 0 T T T T T T
0 § 10 15 20 2 30 % 0 5 10 15 20 % 30 3
Protein contents(%) Protein contents(%)

Fig. 32. Dielectric properties of beef products at three millimeter wave

Beefo] @ d 3t wiste] mel 549 WslE vehd Zde Fig 3201tk fadTE
| & < Yo Fagrt FUF d4s 3%
Aadte AFE e e oald gkl met hAshe AES UERA
Aol A vebgton 100GHze] Fap<ro A&
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Fig. 33. Dielectric properties of pork products

Porke] wz dtFa} millimeter wave Fabro] wE FHEA WHILE

33 9 ATk FAFF] AT beefs] WA FF B Fupro] e fAYS A} w5
P4E VERRITE W fAEAS A7 Foeo A wnd gPol 3 848 gasts
AFe YET e Fupie faede] gage 2 gl oF Juuch 2 e
skeh

AN

Aol 74 B4

A2 ARGSHAT

30

—&— com oil
0 cottonseed oil
28 -
g
0
c 261
o
Q@
O
=
L =3
O 244
|
b
o
22
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T T
30GHz B0GHz

Millimeter wave

T
100GHz

Dielectric loss factor
=}

—a&— 30GHz
—y—
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24

Protein contents(%)

at three millimeter wave

35

=29 corn oil(w]-$- %S polyunsaturated A% )3} cottonseed oilS

26

2.8

3.0
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36

3.8

Dielectric loss factor
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44
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T T T
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Fig. 34. Dielectric properties of oil products at three millimeter wave
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corn oil# cottonseed oil-& F357F Z7 & wet FAANSI 2UVesteE AES JEF

o)
(o
v

A FuF oAM= FUte] AE7F vEE AoZ Yeigth §HEHS T ooilo] Mgk
S Uetdder f§d &4 W3l Fo] comn oilddl A A WERSTHEIG. 34).

512 = HFE Sorghum, Soybean, BarleyS AANE dte] f-AA 2 EA WIS =AY
THFig. 35).

30 06

= —&#— Sorghum —&— Sorghum
~ <3+ Soybean @~ Soybean
4 Y 4
2 BT —¥— Barley 051 —3— Barey Y
N
- "
; :
0 L
20 A 04 -
‘g &8
5 4
o 151 2 03 -
- Q
U =
@ ks
T 10 L 02
a 2
(m] C—
T
05 - 0. 1 Y
0'0 T T T 0'0 T T T
30GHz 100GHz 250GH:z 30GHz 100GHz 250GHz
Millimeter wave Millimeter wave

Fig. 35. Dielectric properties of grain products at three millimeter wave

IRE ol &% FHA EA ¥ste=
Uehgleon 1 £4e barleye 7% L
soybean} sorghume| 7-¢-& Z&ste AFS UelAS FEY T/ T dgdd w
& 545 Yedth

F3herk Z7Hgl met R4 357t gashe

4. 2% A7-g Millimeter Wave System(MMWS) 7] 2+

.

7}. Millimeter Wave Systeme] T4
(1) Block Diagram of Millimeter wave System

2 AHle AATGE o] &3 A=Y AT HIFE AT Ae=E 2 ]
Abste] T17o] WAL O] o= BRE o] &sle A= EAdoly S XA} fir
AV 83 T Z+E HolE 2 o] &3tE Az Aot ZF Al 2E HATAHL T

g

=
=
2 1
(e}
-

o5

M o2 FN

J
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Block Diagram of Millimeter wave System

_ Band-Pass

Fitter - _Power

Up-
SOrNbrter *“‘.?-

Waveform~
Generafor
l’ ™
L4 ‘\
! Local \
Control I Oscillator -
and Power| ! ~
\ Duplex,
Supply \ ~ i
(to all) . Circt Ia‘l'];Gr

\
e o] o=
@ JE'HIO'I T = uﬁ(COTrOI ggspo er

Display Signal and | ~Futar___|_--
i ot (5
Relcord Processing <

own-

)] PSP =t N ﬁ%\l}IIOI(DIDDIay andﬂ—.f‘.echcri)

@ A = x| 21 &Hx|(Signal and Data Processings

Fig. 36. Block diagram of millimeter wave system

(7P <+ W (Antenna)

%Eﬂb}% AR kel A WS 24 F oshd <2
L AFHow WEzH A5E m_%sm I3 A% .

%‘Hlo]ljr (B EA3 =279k FF=, 3ol A
gt EHAS we FEREEA 61rcu1t°1 Ak
component &-& structure® FEHo. FEHIUE 2 (1) pyramidal horn (b} Conical horn

dele EAFIFY AUAT FIAAA ti7] Foll FHFA "ok GEUE =29 27,

3 dom, & ot U(Horn Antenna)s= =3 #o] A HA U &

2 3 Aoz AAEo|BIE 31, 3000MHz ol FoHE HwH Aoz 27 Fmo
A = W 9lo] 2a1A Q] Mo gl Ho] EFo|t}.

(b 4l& A 2] ##](Signal and Data Processing)
A5 ol Foly Fut, FHolxE HIAANATFTE IEE 7HA L e 7IAZAE, FFT &

APt A sAe AHINEE X =

T4l B Aol AHo| met AT E Aofg.

(th A% 2 ty2Z# o](Display and Record)
A stz st wWEoly HlolEiﬂ UiLLEMl Xﬁ’é}%}% Xoﬁlolﬂ txZ#ols dHeolHE
of A
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(@) HYA] 2 FFF(Control and Power Supply)
N2"le T8 A= 24 ZAe] Mo By AT Aoy A ol FHE AAIskE Al

Fale] oL WFoTE AL B F UL FFo|A FA AATE

AedolEs 48 9 2ol Yol B WA ztolq @How FaA U= A gL
=g 2an, 7zt 19 @9 Zo] Ak A =W, OVARRHe 4Y UE: Faw
Bgow AAste] WA 4 flo] @YW FHow sHo] e, @d ¥e gHe Dol

(2) Power Dividere] T4
h =33 (Waveguide)

AE EmE A% 248 Yol 1FHAEE JMFL Abss Aot F2 15Y Ex
millimeterwave A5 A%l Bol AHW, Aol UE /1F BAZ A7) A% AW Fol
o.

=4 s 53 el dAVISE fUIAAA I F=9
dimensionell 9J3] ZA =+ 54 modeol] AUAE Ao HAst= 7t
HR el A A9 2ol Ant miola=
U 5= AclEd Hlsl A EE, A
= & AFe F5 AolERg A Z Y
= aEgy, FYREs dAHI Ad
4E A, IRt 71 Ao Ave BHAYIA ket E, #
AXE AXEHR s e Bl oz dugit
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TEM mode : A}

o
4
B A AEE 9
/\
o

Farolu 2414 HEE we Askshe AAvs 1 AW gFo] AA A
= Az ]X—] x].7]x—] 3:13_]_0]1;.“ o] i [ER=R=N- EO RS

A 25} RS
FAEAH AEHE A4} ehs BERA A4 U] $£4¢ 2T Ytk wntE
g AsshE s 2714 FIIESD == A7 FIIMID7} so} 1 mog EAFE,

TEmn, TMmne|&t= 7135, &%) 22719 4%+ TEImn, TMimno|#tE 7|55
m, n& A z7do] HAfA = AAR 1f FgolH, UERE @A m, ne I
X, yol @& AA == Z}ﬂl W3lo] 7|9 45 e 7tk

oWl FxEAA 54 FoF9 AdUAZE JFHe FHE ousiy F2EA wet oYy
A7y B4 Fakgol ;QTQL 43 A4 ok w4 modes A= —?&%4 Feoll <3|
AAFHA Y. AHEATE 54 modeE AHESH] fsliA=, 1 model ¥ste Fakoll | x| 7t
THIHES F2E& AASToE AAHCRE FE3tE 7S E HlA T A3 =9
s AHEST

(th Moded] £+

AAZ I Z2[F2E Ao o] 385 E propagation modedll= =A TEM, TE, T™M ¢] 37}
A A7t gol AREEY. o)A AAT|9rE st W EH fielde] 2o Fo wep A
Rl

- TEM (Transverse ElectroMagnetic) : M &3} E field, H field7} =20 2%

- TE (Transverse Electric) : X3k E field¥r 420 725

- TM (Transverse Magnetic) : W&ol H fieldst 2 <1 A S

Ak ¢l F4 Waveguide(533H) o] 4-¢ FAEE REo|n, transmission lined @& skt

9] Z&H YoA e EA field A8 bounce&E ) dojv}r] wj &9, E fieldl} H
fields AL & JAAWFo]| F4d 7 gloey =339 TE, TM Roes FEREA
g AF5Hor AAFPoRE EAHZ nEE ALESH] fsiAde =9 F7]E 1o ©A 2AH
i
TEo .]
|
P
Wy,
TEz0 v
TEo : s
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£ millimeterwave System A A Algst= =3I Waveguide) = FEE=IAS ARSI
lom ALR-3tE Tk Rigid Rectangular Waveguide Data =4 ®£FS AM&-3}¢th

- AHeEHE F34 99 0V band

- =93 #F : RG-98/U

- =93 FAME) - 3.759 x 1.880 mm

- A4 0 39.863 GHz - * 2 Z=ul3#-2 39.863 GHzol gl A A&

- A8 dA Fakd 0 49.9 ~ 75.8 GHz

=
2 FHTE AMESte A2"ddA e dadzd o3 AFESAl A W] e, &

E dd Bue MEA Yudsst SLA SAstelor duk gule] Bee S E el
[e)

5002 "olA A &S wrt Br] W Yd~E A 3Hmatching) A A ok3hT},

ofe shte vy JYThe AR W, N2 g F AATe] YMuze] o WA
g Zolde RE e WP~ WYole} Ak BEL T AR Aolo] Wxe]
THmatching unihE AUt F A2 Atolo] I~ ZpolE BHA|ET. dIAH 2 wj A o]
A% sE Ao T e WPz Alold, TA) YN E fetstE FHH X}
& g3t

(mh) =33 3¢ 7 =" (Coupling Power to Guides) oot romar 1o e
AZHL Excitationg owHd Aoz shifo] we} 40| thaEn ‘@uu
dutyg o7 371A 9] AEFH S AESH

@) ) oop

- Probe: at an E-field maximum L. N /*7
- Loop: at an H-field maximum e

- Hole: at an E-field maximum * Probe -
Millimeter wave systemolAl= Gunn Diode& AH&3l7] uwj& ol e

E-Field maximum #AZ%< AMS-3F4 T T

(mh kAl A 3H7](Directional Coupler)
UA B2 270 dFo 2, F =S A3 2JAAA Axat Beko] wepa 22 o
AHgStE As Tt o a1 Bel Z®o] Ag/4(rg : FHFA 314

Aol ATk o] AgE FET Ad)A
Jeth E, BelA ole M Colwt A




(A F=7](Amp, Amplifier)
RF £Z7]19] A2 DC HABias)olth. offf 1HL Tre o] &3 F32H8-9 Jid Eolth

Aol AdEoer F3el AL REALE = HEe e 2R A7t 2] wEge %
715 ARgSfoR Rk AANE Hule 3ol SF7)9 AR = AR gEr] g
obd) 1Y FE/)E Agslokdte ey tehlic
ol & HECEE =] FE ==y
HNES B2 BB =0 2ot S a0 s Dretor pht

Sealg S=alc
o AW : AEelA HPF AHAHOE ofUAE WEAF Ask: A A}

b R M ref
9% F oz HFHow dnivtg HYPo g F=
Do RolA FAE e T =
o s HaslsldaA ZF

°
ol
2
.

(o} Circulator and Isolator
AEHMRAA o ZTEJA Hego] =y
T Yol AEEHI UmA ZEE Yo AEH
el A =o] 37FA 4AHY] A circulators &
AEE = AAH Boln 7|So|Ae Ik 2
o]#]& 7]% <& 3= circulator: lumped element
dg A8EE AL HEE ferrite circulator(Fl2lo] E A Fd o] =)
2 Y5 2o wgko] mjadE s AAAAA Hge]EE o] 83 Aot

LU
Im o
i3
2
)
)
o
oft
o2t
o
O
=

{t ol
k)
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ferrite circulator®] #+&= 3719 XEE 713 F<4H 9/olgi(wi 2 3+& Hekut A=

]I.?‘.:

Y

thell #HlgtelEE #{AskaL, GND %5‘—7—{% Ol 7 2oz uAd Ao ARt o] 14

A JTAN e Aol AatE
A7AH ol Adol=w A=Y

o F

A]
SINAY A= R A}%E]tc] Ao wat
2 183k circulator S2te] AL Hglo] Eo

Hl
o

ARzl wWsfolt.

Matal Ground

— Wetal Stipline

(#}) Diode Oscillator(Gunn Device)

Diode

= [e)
AEAL S

diode=

£ Diode® ol &3t BA/E WE £ Y= AL ohym wa

diode <}
oFz

&3t

Gunn Clutput
DC Bigas ———m IMPATT Impedalnn::e —

t}. oiel, diode: bias <17} Qlolx= HIAH

o ok A RE X7 AS-E

+ FAaAAYE FAs|oF ok =
17182l Diode’} ®FZ Gunn

IMPATT diode’} 181 €52 oj85%E diodedUtt AHA3 DC biase} =8 z=A9 %

Z- xRty oek o] F diodew 74l HIAL FxAH A7) FAIE 7] wiiEel, %

o FA 4R RFETHE #2 9 millimeter wave L5 7}17FA] &okol| A =2 AR§-gHTh

= 8AE EALS 7R 524249
g & ged aue $E5aA
DCAYAL Zolthrt ACHEE WHso

B b
- l‘-?i'l l"-?iﬂ
of
borir ol

e

A

Diode

matching

(=h A F=ALZ 7]1(VCO-Voltage controlled Oscillator)

2171 & st Faeds MEoue AAHE BolAut AxHloA shue] Fukent
> A5 B2 gtk Al gd (band) WollA o8 Fia4E iy ALEsts A9t
2o} AA millimeterwaveoll Al thFgt Fahro] Wzl o mE XS T8 E i) Yy
v THTFES EolE LRIV ddo] mE lojof 'ﬂﬂr FoTE A 2H-d o3 H
A AT X7 9 ?/19% gol, Fa4E AA(EE AHse XL FAFog. TA
olgt= & AAY B FIT deEsts Ao|BE, o] 1"%%% 71 4 oA
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FAFIFE vkE =

FNEe 7EA o7 A AL} MAANEC) AR dUAnSo A sy FZR o
EAS 7pdstE |, Loju Col didd thek &8-S 7MishAl "ok webA o= &l nlato]
T FFoTeE 44 7bA A ¢ doh OF 7 dRbEolas £3] AR R e FF
o] AN =S 7HH A7l WA olth. OAS wj g E(varactongteE W g tolEE 9]
&3] o] FoxT.

HiE B o]l = A= detel whet A 2 Fhol Wste toleolth. fA e
A ZA7hH Fl s Al o] o). millimeterwave A AlE @Y FIk WAl A& Gunn Diodes A&
stal 7PAY Fake WZo A= VCOE ArEth 7)o LA F9rE 7HHstes 342 A
dHst > wAgH e ARHAE2: |3t > FF FAFIF §3t > AFIS HEE U
Eldt} AAZ VCO= Aol 93l 7FHEA R, 25sh) AtEckd s 22 3a JF
ofslth= ARl ATk & dshe dXFHFTE dAHHA g EEYA Hed, dd A<
source”t &5 W W A 2Elo] BHAA R FAsHA X3ty 1A VCOE Fa-dAA &
FEAN717] Al AHE B F=e 7IE€F o E locking(HH, FaraA)7ES AHESeT
PLL(Phase locked loop) HIE oA EAS Faeo] RFFd o) wslex g 1
ANAF7] 93 FZH o2 RFAA o &5 2T A3z o2 VCOY ol A7t

Hol] 7hedk FEHE TEo] A2'S TS

DC bias (H=AZ2) SN 2 =28 S 0b-Hat
Conirol voltage é > =

(7h $17¢3=(Phase Noise)

274 AEFAe] AAs= A2 phase noiseo] .
A FaFo AT Fxlo] dAUESE fEHo RSz
E E = AA & A FoeT DA XS
: 4 7R ARIgYeletd, 1 F719] g5
° % FFT st F3k A &o] spectrum’goll A #ZHo,

Nzt

I=1/T

SHANE Al 2= I

SHASER Wo) Noises WAIAIF]

r
il
N R
i)

ra
fo -
it
A

d AsE Fosn
3 8 E3 (N
f= 1T f= 1T R e

A Fuaete] @ e v E dEhterstA T, A

Aze J8A HA EHTHE Aol phase noisext HE

2 2483 FardquA 4E5E w47 NoiseE i

Zut5=9 A5 A7F 24 BE ulx olgie e 1 \/ﬂﬂrwémwn|M|a+}1|§§awa:umer)
Gow wan - Hefiphase)| DIAS B=AE EHE
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i Z o] gA o 9ol YX3E Zo| okt AZF % 259 sinest
ﬁ ol oty WelHA =34 SolAA Bk webd WeE a4 ¢
i\ o]l MAAIE AL A Ytk AT ZolA o 9ol Helx @
Fi\ Ae 29 jitterAEDB T REH, Fos GME B4 FiF @
1 o g2 FoF 4R VEC UA Bk oHF AFFE ARE &
A A offset FaEFUE "ol Ago|He] AYHH ST A
iy 8 5 et Tk
N Fzko] Hpol & 9FAw, Bxls)e] 74 tEAQ speco] Dk

. Millimeter wave Systeme] F8 88 Fof

(D Zgreivte] &8 Eoks s34 2o
o o Fok & AR, A, A, HEHA I B A8 =T
o A ofdEoF : HEd, A, A, AW AR
e AW QFEE XX J}F Eof
s Yx= UF 5

o o A =4, AR, 771 A4 4% =

Az
m (

2 "AuE e Ards 9o

WAL A oA A Al2El " 87 4 F4 9 Ay ZoF g
A% AF AFE7] R AFa o5 Fof g 2t & AW 7]7]
(W, A, ok F) FAE JAd 9 25 77

Hair Care (2% WA TAA ] (A Aokl Au] Al 2=

(3) WA Al o] AA Al 2~H]
Sh=ro] A BlER] FE Al2®lS o] &3t HEIR] EAF Al2H], FEAC V&S ]85
WA (T4%), FANHO0%)< XA FASHE FEA] Al2Hl, UV LEDE ©] 83t e
Zo] ALHAHRE o] &3 AlxHlo] AA] AR Foll om dEo 75 LEDEY o] &3t
B, U Al2", 25/5E 2d=E of/#d AR 74, & chilled roomE ©]
B3 oA/ F/IAAAAY AT FA Al2Eo] Utk wEkA &% o] AT T3 W

= A7,

(o

(4) Millimeter WaveE o] &3 A4 ofxf Al2~®l 73 Wby
b FaHH

@A Millimeter wave &AHl= H-& T4 oA 83 FH4+E Aojste ARE A
< Sot Fage Frt AAHYE 1AHFoTE AMESHA Jo 1 A AAFHA 7S
olgfo] ¥ Zoh weba WA Al ofx] Ao Milimeter wave GeneratorE A x|g+o &2
A A FITE A obAl/HY T AAE AT & UA Hoh



Biomicrowave Module Artznna
Power ! oecillator | Ant & 9 - %
Supply Chamber Biomicroways. Power

Biomicrowave Module

832+ millimeter waveg ©| 835l ofxl/3d A ~Hl 9] BioActivity &4, S EF AA

o7 23 FQ FUY AHAE =V} Ay A BHE UM, 2 HE vely e HEF BEEQ3
b A AA 2 Al 2" olt),
(5) Millimeter waveE # &3+ thokdl A ~H
O Hair Care Solution
Millimeter waveZALS -3 g3t

B
A712A & 9SS AEFs 7Hs
Hair Care Z#iz}o]=

A=A (PeltienNE o] &3 &% ZJé_
2% 7tE AAE 018 55 =24
Millimeter wave ZALS 53 AZ &3}
Q 7]e} Al2E
&0 gura 27
Holg] 3}
A ot

t}. Millimeter wavee] F3t QFH A
T o] & o] EHAHA gk Age] gle Aol EAoW, ERPE HAF
43dBm(19.9W)7+ A 3] &-38kA gk, PSDZ 13dBm/MHzE A8t ot

SEvete] A4 Aldchel mms msbAR 57-64GHz FaE £ RIAA diYow B
sl ok EA=E e & o US ALsE A4S HA 27dBmGO0mW) 7R & &5 1k

D28 OLE|UE AL St ASE A weko go] 714 wAS oA s <) 20dBm(100mW)
o= AP o] B Zrte3t AWstEE EHolth PSDE F@F vpEsbAE 13dBm/ MHz2



Agetal, EIRRPE #HA 43dBm(19.9W)7kAl & &38tH, <S4l 2Fgoj2 WAH40GHz ©]/)7F
-10dBm ©]38}7}F Eojof g& Aeofsta o

SEvete] A Hurhv= mpRvbA 2 57~64GHz F3krelAl H A 27dBm(500mW)7EA]
&-gst7] ol HAgoles A ZFA7E itk =3 oA AYATE Sk AF F 89 ¢
Aol B AL At

Worldwade cowerage

)

L

&

e =

' 3

o

B, ML 0=

20Hr

N
o

60GHz T} & H|&{7} Fnt= &

& A Millimeter waveol A AF&3l+= Oscillatore= A7 5709 Oscillatore AF&3ta Ao

Spec. Sheetoll A X 5o] Pout2 100~30mWr] 7ho] T},

8 mm range voltage-controlled oscillator 5 mm range voltage-controlled oscillator

: on Gunn diode
Technical parameters

Frequencyrange, GHz, 30 — 40 Technical parameters

Electron tuning band af , GHz  1-3 Frequencyrange, GHz 52-62
P . noless than, mW 100-30 Electron tuning band af, GHz 10
Consumed power .., no more than , Watt, 6 Afat Pout 30 mW 3 GHz
Supply voltage,V 3,5-5 ﬁ::at gout ig mx ?OG:;;
Oscillator diode AA 763 Atat Pout m 7
Vari AA 632 Consumed power ..., no more than , Watt, 6
arcap Supply voltage, V 4 -6

Weight, nomore , gram 70
Dimensions, mm 20x20x18
Oscillator diode F14-DV-012-033



A 3" Millimeter Wave System += % 2|E7}Z FAHo W
AL&7le M

deivejgte] ¢E vy ETH &

A Eo tiate] AETH S Hole JJrx 498 411 mm ~ 8.34 mmo]d, L uE
dol| =Ed mAEY At 54 Wste FAH Aold S Kol Utk FEAE/MF A
nAEo WElvE s AL A9 WA= A blo]lujx A4k £X, ¥ &2, W
AP -T2 oo mE AESHA &3, HA oA WA A A A me AHAL 24
=o F9 vFY AR, Az B34 sk S S A4 WHEh vAEY F
w & ujoke] wE &4 s W 139 xpo], = WauE g w2 gE BB ngs,
=dHoldd e Ao Al g 3 E39] AR Fol HuFHdnt. "eu B a AL &
& =

-

= A ol .
7+ (purple bacterla)«] J*EJ Hkg- 219 triplet At @A) g Wew gy

Y

r9£

S A3 Axrt 28 FHAEd AAELS Rhodobacter sphaeroidese] 334 =t
2EE 9hSA S e E HnHIAE ARSI O IS BSR4
e 3t (4.04mm, P=30 mWatt/sm2)7} ZAtE A HFS-F4lo] ©rdd} (singlet) Aefe] &
2} o]l oz #o] AES (triplet) HEIZE HolHlE= nH|EdA Frt slFEqon,
ANA AFd Y ol UL Ao] FtRE ol EAV} st Wl 95 A
A= FFS vA= AR eyt B3 21579 ZANE JMEHEO|E A
FoAHo =z (A9 28 A%E) F7HA171H F3A Al++<] Rhodobacter aphaeroides
NA HYP== FAd 58 AAY FHE dNg WA Holg HZdt= Ayt
. Impulse spectroscopyE ©|-& 3} /ﬂl?«] BRAE A 224 34 9z
= B s B a9 Al Halobacterium halobiume] #}24Y uhe] vlg|
A FEd &6 wEe] oF WA (dark transmutation) ®RE-o] thal R Fy ALY
34 4.04 mm, =%30 mWtt/sm2,singleimpactz] &A1 108)S = , *

AR W 2] R 2 EAl AlA @AY 7] dAA M Y £5F 0% A FXATE AL
2 yeElytth. %9l Saccharomyces cerevisiaeo] 7.17~7.21 mm 2] " u|E3E ZASE Ay
T Ws7E Qlolen, ol Afd A" Fua o] 84 FagUl ofyr] HEew
2 e Ol

A
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BIHYh £ E coli AEe] AU AT A3k LA AL, B4, AE 3
FOH WEt BAHA gghon], o= WelnEn 24 B AR AH = A
ol /1A% oz YAtk webs BvlEst 2 o 31 AAE BRI AAE
of B A7t Basth denEnst MYRe] A P 3
FQom RelrEste 24 oyl WAEY FRU 54U A%
Ao ekt e, mARe] 4 Y% fa4% Belny
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Al o] B Azt

B3ty

® L =Tl e v I
A& g4 3% (mm) ZA I
AN
Al
Escherichia coli 6,0-6,7; 7,1:5,6; | 22, g0l tigk AFA =7}
Staphylococcus aureus 6,0-6,7; 8,0 A Fhr =L
as O, = =27 % 1__/_1\__
Staphylococcus sp. 5,95-7,2 B8 A R [
Bacillus mucilaginosus 5,95-7,2 AT Wk =31
Bacillus firmus 5,95-7,2; 6,2 A48T vlo] Qs =4 =7}
Sulmonella typhimurium 8,0 - 2oz ¥k =3
. WsAle] A A 5L
Rhodobacter sphaeroides 4,04 N=s izl 20}
Halobacterium halobium 4,04 Az A 7}
6,96; 4,16; AERE (Bioluminescence) — Al;
P . . . ) ’ s 5 >
hotobacterium leiognathi 71: 4.46 el 27
DRE
Streptomyces spheroides 5,95-7,2 g A g =7}
Streptomyces xanthochromogenes 5,6; 4,6 24 A% =3
Nocardia sp. 5,95-7,2 g A 3 =7}
Cyanobacteria
6,06; 6,25;
Spirulina platensis Spirulina maxima 6,66; 7,1; 7,89; | AS =F; B3 =X
8,34; 4,6; 5,6;
Anacystis nidulans Anabaena . vqriabilis 834 A8 =7
Plectonema boryanum Fremyella  diplosiphon
AP =
=%0]
nlo|Qu A~ A3 vlg AEHA =
Aspergillus oryzae 5,95-7,2 7{ S G
Aspergillus awamory 5,95-7,2 M YA A BAEA 34 A
FAEE 20|
iw AE g4 24,
E Ii 272 ’
ndomyces fibuliger 5,95-7, elucoptyalin®} alphaptyalin &4 =7}
Microfil fungi
Dacthilyum dendraides 5,95-7,2 SR B E A S 27}
a9
8,5, 7,17-7,21, . i, _ N
Saccharomyces cerevisiae 5’9;_ 7’2 = A5 =723 AT g =1
Saccharomyces Carlsbergensis (pastorianus) 5,95-7,2; 6,035 s &5 Z7) A A
=
97
Scenedesmus quadricauda 7,1; 5,6 3 =4 A4
Platymonas viridis 6,06; 7,1; 834 | AS =ZI; B =X
B AFoNMHE FadF2A uAAE AA o milimeter waveZ} vl X &= F3FS XASD AE
B2 F (A=), dEFEAE ), Trzﬂ Z(QTFE2E)9 Ba7]|7HE<ek Milimeter waveES ZAFSH
o=

W A=A, e, aT=Ee) ¥

o 3k

S0 A= 99
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1. dEn e sMMW)e] & & 717 ]s AT
7L fFEEFO AYgH 188 TEAE TS A% vy JherleE AT

D A= 2L T
b AHE o5 2 Ak
B Ao Ae" AY FF5 Bacillus subtills, Lactobacillus plantarumel™ o] w3+
KCTCH| A EALAE ZHEH  AFEUT. FF5 22 nutrient  agar(NA) AP AR <2}
Lactobacilli MRS agar i =]l Althujeksdt & o]Z 4ColH HESFHA AFLSFom, Aujefe
100mL AZF&Eef 230 10mLe] HAMAE L1 7] #FE WFol2 13 HF3 F 3BT
o)) A 180rpm0i vjekst it AbztZel = 250mLo] 100mL 4 AA A S BFsla o 7]
e ANFHEFE ImL¥ HFFske] 315CoAA 24hr ¥igstdh ol MMWE ZASHA] &
75 control2 é_‘?fj of AHE3FAR L MMW ZAME #F2+= MMWE F3k4 60GHz, 70GHz=

MjeFst Bk ARSIl 247 4@l AHgShaTh

L

{l

O

A1 vl

b gFe

A 4 Y
F9o] AF HZ+ spectrophotometer(Jasco V650, Tokyo, Japan)E ©]&3ta 600 nmoi A]

5% %= (Optical density, OD)E ZA3te] st

2 A3d4d3
(7P Millimeter waveoll o8¢ Bacillus subtilis®] 73 24

—&— control
17 4 - G0GHzZ
—— T0GHz

Q.D at 600

0 T T T T

0 10 20 30 40 50
Time ¢hr)

Fig. 1. Millimeter wave?| F3+5 Eglste] ZAV3: Bacillus subtilis®] A 7=

Millimeter wave?] ZAMFF @ F3142(60GHz, 70GHz)ol 2]3 # a3

o
ox,
)
Ip
b
i
¥
o
PL
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Ay Bacillus subtilisol MMWE ZAFste] v FA|ZEe] Ao wE njtde] F3 % WHels =
st F23AS FAS AFE Fig. 1o YEMNJ . Bacillus subtiliss= MMW ZAFe} 1247
7hA] F218F thS-, stationary phageES AU 30A]7Fe] & death phagedll =3+ Ao & yEly
. MMW ZAbe]] 9]sled Bacillus subtilis®] d7e] zleol= §le Ao Z Yelgtom, MMW ZA}
Z %3} death phageoll BIFAIRT ZF W EU3E o2 YEyt shA|Y

Abrtolu Bl AR AR (ODFhol Al FAFSHAL cell &Fo] Hi= 74 A]Zlﬁ O.D3kol
Y3 Ao g Hol, MMWE Bacillus subtilis 7ol 9802 J&FS °
LHEFS T

(\}) Millimeter waveoll |3+ Lactobacillus plantarum®] 73 752

05

—#— Control
e 60GHz

04 4 —¥— T0GHz

Q.D at 600 nm

Time (hr)

Fig. 2. Millimeter wave?] F34+5 &g]sle] ZAFS Lactic acid bacteria®] A=A

Lactobacillus plantarum®)| millimeter wave F=3& 60GHz<} 70GHzZ ZAFshe] ) A 7He
Ao g HigdY FFE WHIlE SAst FAFAES AE A= Figo 29 Zoh
Lactobacillus plantarum?} 2372384 MMW B ZAF 2] O.D (cell density)zke] MMW =A} 4
ol wiEte] okt A et ol:= MMWXEAWY Lactobacillus plantarum?} A3 7ol vl A
stAl R S mAE AR AR HARE fFo|Ho® ztol7t YA Fgkon, 2443t
Hj k& o] MMW FAbE} vl 2ARES] cell density gh-& %/\}% 102 eyt =3 MMWE
60 GHz¢t 70 GHE AM=E O& Fao] mE IF 3RS w, MMW F3}o] u}g}
Lactobacillus plantarum®] cell density k2] =Fol= UEUYA] ekqtt} o] 5 F3le] MMW F3
ol FAQLel Lactobacillus plantarumdel] cell 7o) & IS FA %= A2 SAHA

=

mlo
o
ro
ol
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e
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Ho
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1o
Ho
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Y
N
2
=
e
of
o
o
S

D As Z Iy
h A=
2 AFolA A=A Az AEH AE t— AA(AT A=A, 2543, T,
TWiAHE AFE3AT. R FE2E A Fo AlEH starter= CHRHANSENARS] ABY -3, YF-L812,
YC-X112 F 3F< FY3tsen HH% (UH TS ARESEA T wHEE Alxg Wes S
A FTOE FYstA ARgEA e, MEFETFE, ARE AHSSAT F35 ZAME millimeter
wave(Nizhniy Novgorod, Russia)E o] &3} t}.

h B
O =7 A=z 2 Py

AT dFc AT AGZAS " F7F5o d=5A120 &, Nutrient broth(Difco, Detroit, MI,
USA)ell =atal 37C oAl 2443 v & YEld 5HE colonyE Nutrient brothel] 7 &3l
37TColA 2/ %t w8t HEFFE AT

2 kg FAISH] Boll 24 hr B9k AAT F, A7 B SRS AA D, 121C A
50 min &< 7t FASte 50C W = Wt W Tl 42 2 % vivE FEst
of ZuF &3 g2 37ColA 72 hr T BHEAA controlZ Aol AHg3th. Millimeter
wave AT 717F B¢k F94 60 GHze} 70 GHzE Z+zt ZAbste] A4 Ao ALg
4=

=

3
]:014

A
MAEHA e ATZAIR 5 g& ?4‘3}04 BaEsFTE 103 A ot 345t
of AdTFSH AEE }ﬁo} 3tk 49 A8 1 mLE A=IEAA(PAC, 3M, Minnesota,
o T3 & 37ColA] 24~ 48*17\_} Sk kR & A E AR 1 mLYe

log colony forming unit(log CFU/mL)E e AT

@ pH ZX‘]
pHe =% 10 g& +7F5 90 mL& 7tstd &3} 3¢ £ whatman No. 4 H A2 o743
% o3& pH meter (920A, Thermo Orion, MA, USA)E ©] &3t pHE ZA 3

@ HAE =3

Az AR =R A=ZF 10gd] 254 20 mLL 7Fate] 140rpm, 25°C oAl 303 g
3 AAIEZ(3,000 rpm, 158)3te] A& A5 5 mLE 105 CollA &8 AXRAA 1 FAS
st on, A e AdEFHBoZ Rt

@ A= =4
Alge ME+= Hunter 2 =4 (CR-400, Konica Minolta Sensing Inc., Osaka, Japan)®Z ™ %(L,
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lightness), 2124 %(a, redness), 324 =(b, yellowness)

i
T
Wos
A

Rate] Waghow e

otv| B HA
ofvmlE] HA P2 Formol AW Fste SAHsAT. & 459 10 mLol 0.1%

phenolphthalein A A]2FS 2~39}8 H7}sk % 0.1 N NaOHZ A&E&o] & uj7tx] A A3},

zawg g9 (35~40%) 54 mLE H7lsle] ARz Aol = wzbx AASS 289 01 N

NaOHe| %oz onlice] A4 F& ALbstArh

Kore/a Foods Industry Association. 2009. Food ¢

o

ode. Moonyongsa Co, Seoul, Korea. p 319-320.

opr A4t
ofu] - 4ke HPLC £4] ®Hof uet =383} t}.

@ 8FEZE Ax 9 Iy

STEE9 Axe Hi-f 1000 mLoll 379 starterg 0.008% (w/v)o= 247y HI7EgE &
magnetic stirring= ©]&3to] 15 min 5 SRS EFH SFEEE 37 CollA 24 hr &
¢t wrEEo] control® Ado| ALt W& 7|7 5¢F millimeter waveE 314 60 GHz$}
70 GHz2 Zt7 zAete] Had Q= E S millimeter wave RAMECOE AFo| ARSI TH
Control ¥ millimeter wave ZAME Q7 E2E RS Wg7l £8583H Fo&= 4 ColA 1 day 59t

ARE F FA 5L 2SS,

b pH 2 HAHAL =

STZ2E 10 g& Hsl 575 40 mLE 713 3, sk&# o] E(MSH-20D, DAIHAN Scientific,
Korea)oll 350 rpmell A 1¥# 833 H whatman No. 4 AFHAZE A7 NS A BE ALES}
At pH =42 NS pH meter (Star A211, Thermo Orion, Beverly, MA)Z Z%3}3H oM,
AAR A= o 10 mLol 0.IN NaOH £ 7}3le] pHZF 8.10] =€ w71x] &89 &S
ERE qhEste] ko] o w YE I

@ Syneresis =4
Syneresis =42 centrifugal method(Pluta et al. 1999)& Al&3le =AH3¥Y. L7 =2E
100g= 1500rpmell A 10 min &<+ A R8st Z2H= o FAE FAst] YetlAdt

[N

o

@ BT 573

A& 1.0 mLE AFHst 10x 3 A wet 3143k 3 Lactobacilli MRS agar(Acumedia
Manufacturers, USA)S o]-&3}] Standard Plate Count¥ &2 37T oA 48A1%F ®jeF & colony
7k 30 730070 HeE Uehd platege A, Asta A= log colony forming  unit
(CFU)/mLZ YeR St}

& M= Z4

Ao
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QFEES Hr =HE 98 QFEEY L2rE= §89CE HA3s¥Yem  Brookfield
viscometer (MODEL DV1, Brookfield Engineering Laboratories, Inc., Stoughton, MA, USA)<]
spindle No.3& AF&3}e] 50 rpmollA 58 &<k 18 (tA 02 A3t PFXE Yl

ofn| =42 HPLC 4] ®wHio mel 335kt

#714& HPLC 4 Wiol weh 859 oh

¢ T5 7}

STE2E #FHIE A ST E2EEE 4T 2EF fAEeH 1299 Hds e
2 AANIEY. #HeEIbe 7TH HEHS ol&ste] A, &, gl A7 o]F, ANkHRl JE=
£ BrbstA
Q@ 242 Az 9L P

2 AT AHEHE wHEe s & 438 g2 AlFSt 2AXE BF Eoll AR F, 2ol w60
7 5% E7E AASALE EVE AATS A AE € 100C oA 408 B AL
10+ &< 2 9 F5(25.5 g, £70.79 g, E(0.87

j=]

| . =5 2875 g), E(1.75 L& H7}ste]
A7 WEAA controlE A Zx3F T Tar)7F ¢ Millimeter waveE F3+<5 60
GHze} 70 GHzE Z+ZF =AFSte] A %3 48 S Ao A8t th

[e)
4000 rpm o2 2087 AR & A4S

KeX
-1 =
=8 24sgn.

FToTF AL 4 ASEE dYsA 4ol 1 mLE Eae Al 2l 1030 3|4 Ho
we} 345ty FHE Al 1 mLE AxIEA|(PAC, 3M, Minnesota, USA)oll L&A & &
&3F & 37CoA 247 484 FF widR & FHFE AR 1 mLe log colony forming
unit(log CFU/mL)Z YehH ATt

Ae) NRE F9aA 4o 1 mLE Bad A A5l 107 34yl
H Als 1 mLE d=ZEMA((PYM, 3M, Minnesota, USA)oll #¥3tA =%



S B 25T oA 120417 B9t wiekst & a XS AR 1 mL9 log colony forming unit(log
CFUmL)Z e St

A

A FAHLE AR FREATAAN HARE WHoe=E FAHst AsE 10 mLel
phenolphthalein A A|¢kg 27 3 HoJEdH % 01 N FASIUEF 402 T3 o] e}
g Wj7hA] AAste AA LvHFE SAHT T ARFTY TAES 24 FFROE SASA

ZAH %)== {a(A A 2F) X F(0.1 NaOH <71} x0.006 x 10

o
AN ZasJES Ao 2 3 Mo] B uwj7tA] Zse &

obr] = 4Hg/100 mL)=(a xF(0.1 N NaOH %7}))x0.0075 %X 10

SR L

Alge] M =+= Hunter 2 =A(CR-400, Konica Minolta Sensing Inc., Osaka, Japan)Z ™ %(L,
lightness), 214 %(a, redness), 2= (b, yellowness)S W& Z=AH3ta] HFgho 2 et

d

FEe JAAH ZedThE FREATR 3t F=A(WM-7, Atago, Tokyo, Japan)&E =

d3E FF AL W2AddGd AlE 100 mLE He $ 250 mL A7t ST &3 §
of F7 10 mLE 33] o] AEE ©3d 100 mL W2=4Addre e & I 95 250 mL

2
S
L

FTE&Ee FHIHGT FF Aol 70 mlrk HH Fx

o
El

=)
i
ACh
>
frtl
H
=)
—
Ll
o|N
=
Y

21,0008 3% & 1 FofA 2 mLE HI ¥ 5% phenol &

A 1 mLE ¥ EFAAT A7) 95% F4F 5 mL HHE] siete] HEA F 0% S o
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A QoA F2WX] & spectrometerE ©]-83t 470 nmolA FFEE SASIAT. T AHFS
glucoseE EFEHE AMESt EF FA A Skt

e AT

HEE ARE SHTE 1000 4% F 1 mLE #H3 F DNS reagent 1 mLE &E3g &
BT EAA 16E ¢ FERH T A oA HA2WHA ¥ F{HSF 3 mLE o
spectrophotometer(Jasco V650, Tokyo, Japan)E AFH83td 546 nmolA] FE=E SAHsAH. <

6
A2 glucoses FE=HE ARl 5 Aoz Sttt

Q) A3 9 vz
(7P Millimeter wave ZAbe] wWE H=Ao] ZZHEA

Millimeter waveE F34= 60GHze} 70GHzE W& HA HF XASt] A xd FFHo F4
TE SA3 Ay= x 29 2o control®] F+4= 10.35 log CFU/ge.2 MMW ZAF9] &
ol vlal fFojH o2 =A Uewtew 34 60GHzE A A =3e] F+57F 7T0GHz=Z
ZAE A2 Ao) BlE] A UEgT guld o8 H 2 Ao A etE nAAESFE ¢ 10° CFU/g
AEZ B3y JorKim et al, 2005 E AFZAFoA HF=A wAESF7E 10.12~10.35
log CFU/ge.2 Yeh} 287l 2 M3 Aoz dus

3 2. Millimeter waveo] F3t& 2E|ste] TEAX] H=%9] pHet T

Sample Viable cell counts(Log CFU/g) pH

Control 10.35 + 0.01"* 7.85 + 0.04%
C60 10.27 + 0.01° 7.60 + 0.01°
C70 10.12 + 0.01° 7.51 + 0.02°

YMean+S.D.”Mean with different superscripts in each column(a-c) are significantly different (p<0.05)

A=A HAEL F @3tE B E2 levan from fructandt ©ild Ei&E FA 2
polyglutamate?] &3EZ LHA Jom IukA o Z 215-6.03%7F F= o Ut} o= &&uty
o] AT o] FotA HAES] FFFo|l FUIstH &ul2 A gt Millimeter waves T3¢
60GHz%} 70GHz= =Abste] wHadh 7&5#789] AAES AT 2da9= & 37 Zol, controlo]
6.25%= MMW ZALTo) Hls] &2 HAE =S et MMW ZAEe] 4% 60GHz =
A =g HAEE o] 70GHz =AF 751%1&01] Hl3)] frojdo g =A et
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3% 3. Millimeter wavee] F34+E Elste] WAz HaAo HAE TF

=

Sample Viscous substance content(%)
Control 6.25 + 0.41"%

C60 592 + 0.09®

C70 5.52 £ 0.22°

PMean+S.D.”Mean with different superscripts in column(a-c) are significantly different (p<0.05)

Millimeter waveE F3}4 60GHzS} 70GHzE ZAMSte] &3 249 color valueE =
gk A3 L(Lightness) #t2 C60°] 60.79= =4 YEIS™ controle] 58.05= fFoldo= v
S JERATHE 4). a(Redness) 7+ 4.13~4.93 W9 E veElton C600] S 7S e
t}h. b(Yellowness) k2 Co0¢] 17.23°.=2 7F& &A velykom C700] 16.78, controlo] 16.55
o =M =2 YElgth

fo ox

¥ 4. Millimeter wavee] Fu+5 Gt WHaAzl A=A Ax

Sample L a b

Control 58.05 + 0.359? 4.41 + 0.08° 16.55 + 0.10°
C60 60.79 + 0.14° 4.93 + 0.03° 17.23 + 0.07°
C70 59.15 + 0.28° 413 + 0.05° 16.78 + 0.05°

YMean+S.D.?Mean with different superscripts in each column(a-c) are significantly different (p<0.05)

ofn| e} HA FFS protease] Fgoll odte] TlFEo] ofm ke FEHE EIEHE A%
E Ued Ao A Iak W{rt g AR daAFe F439 7% v ARE AL
Ha ok @A vt AFFAe] Fhoe A=A ofvlnd AL FFES 280 mgh ©l
doz A Utk B AdoA Az HIAo olmwE HAFFES F 59 o),
millimeter waveS 34 70GHzZ ZAMste] ®HadE A=A oA 779.33 mgnz 7F4 =4 4
bt ou Fuk4 60GHzZ ZAMF H=4-2 499.33 mg%E oo g A Yyt B Ay
ANA Aol oimE] Ha4 FEFS AEFEFAHY A4S MSAFAOH, I AR H=7e] of
vE A4 gEFo] AlFe BE Ao me} oA B2 Eo e 500.00~799.99 mg%
ol A|Fo] e Ao YehgttE ®B(Ko et al, 2012)9 HIS=3F 39 kS JER AT

3% 5. Millimeter wavee] F3+5 ZElste] DaAZ A9 ofnig] HA gH&F

Sample Amino-type nitrogen contents (mg %)
Control 714.00 + 14.00"

C60 499.33 + 16.17°

C70 779.33 £ 16.17°

PMean+S.D.”Mean with different superscripts in column(a-c) are significantly different (p<0.05)
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Millimeter wave® 334 60GHzS} 70GHzZ ZA}ste] wrEst A=A 39 ke
controla C60°] Z+zF 1.34, 1.32 %= C70(1.13 %o w®ls] Fodo =2 =4 YEeEgtHE 6). A

T AF AxFGA A ST AF 18- FUFS A% éﬂr 0.51~0.24% HHE YEAH
+ H3([Kim et al, 1998)Hth= th4 A SAHEHJY. &L IF7FE=(Glucose, fructose, maltose
)L T9uts Roites B2E AF #edd 4 HuiA W a3 Fast oldd o
EFES FIAEY dAt 2 &49 wstel YA JA7E o] vl E] glucoseE Ak
o o] &3l A=o wel ST ke Wyt AT

# 6. Millimeter wave®| Fit+E Eelste] HaAZ =4 A IFF
Sample Reducing sugar contents (%)
Control 1.34 £ 0.04"2
C60 1.32 + 0.03"
C70 1.13 £ 0.04°

YMean=+S.D.?Mean with different superscripts in column(a-b) are significantly different (p<0.05)

AaAe dassd S B osubtilise] 280w d85 F @lAds EfAA AT 743 B
< W& glutamic acid, aspartic acid, ¢3Bt< A valine, isoleucine, leucine, methionine,
phenylalanine® ©@urS W+ alanine, glycine, lysine 59| 1729 o}n|i=4to] o] ¢z E3+A
ol A=A EF9 uto] YA HW, glutamic acid$} aspartic acid®] FreFo] Ho® 3 Hlo]
AW, alanine, glycine 2 lysinee] o] wom wuto]l X THKim et al, 1998).
Millimeter waveS 60GHz$} 70GHz FulrE XAt a3k =79 ofn|wAikS B3 4
= ® 73 2o} Aspartic acidE control@} M700] folZow o dES Yo H,
glutamic acid= M70¢] 9710.68 mg/100g°o.2 7} =& 5SS YEelJ Y. Glycines} alanine
2 control¥} C700] Aoz FAS k& YERN S lysine2 M70°] =2 #<= YERA
ot} 29S Y= ofmake] AL C70°] controldt M60o] HE e IS e
Millimeter waveE F34 70GHz= ZAFSH A =42 ojn| 4t dHgFo] F3b4 60GHzZE ZAFSH
AZERT FoHo 8 w4 YELT
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% 7. Millimeter wavee] Fa+5 Galste] BEAZ] FZA 9 ofnx

(%?4 : mg/100g)

Amino acid

Control

C60

C70

Aspartic acid
Threonine
Serine
Glutamic
Proline
Glycine
Alanine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine

Total

4645.70 + 0.30Y2
1463.19 + 3.31°
1758.84 + 8.16°
9397.30 + 73.36"
1780.40 + 33.96°
1596.85 + 5.44°
1628.34 + 2.38°
1585.62 + 13.59"
474.66 + 26.04°
1514.03 + 27.22°
3042.17 + 1.48°
1559.44 + 21.01°
225730 + 14.81°
2491.63 + 8.56°
1067.71 + 0.97°
2260.15 + 9.05°

38523.28 + 182.66°

4314.97 + 58.44°
1411.57 + 18.60°
1694.42 + 25.77°
8509.57 + 47.43°
1764.87 + 7.86°
1499.10 + 24.87°
1556.97 + 25.07°
1497.07 + 53.64°
342.01 + 18.82°
1502.94 + 10.22°
2899.01 + 41.98°
1372.14 + 3.84°
2053.19 + 17.35°
2236.87 + 33.74°
968.84 + 18.12°
2209.48 + 13.34°

35832.99 + 392.42°

4653.93 + 61.21°
1412.12 + 5.83°
1581.24 + 1.79°
9710.68 + 58.02°
1909.37 + 6.23°
1597.71 + 15.05°
1677.81 + 14.62°
1844.72 + 25.71°
574.93 + 34.70°
1766.77 + 48.47°
3223.79 + 33.06°
1656.65 + 7.25°
2395.34 + 40.27°
2624.44 + 12.33°
1157.93 + 0.35°
2213.92 + 21.33%
40001.31 + 243.22°

(1}) Millimeter wave FAbol] W& &

ato] Al x=F

&t Az
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TEES] ¥Z

¥ QFZEC] pHE

B Ao 3714 starters

A= =

T -

QF=2EY]

J{m
oX,

Z 59| starter(ABY-3, YF-L812, YC-X1DE Ztzt HEsle] 28 7|3t
XAt A x3 R FEES] FHEALS
Z A, ABY-3 starter& ©o]-&
pHU.45) R} Fojd o2 =A YelRth YF-L812 starters
o] HAZ YEelgkor YC-XI11 starterg o] 83 27 =ZE9 pHE
o). YF-L8123} YC-X11 starterE
ZES| pHel fFolZl FFS vIAA &
W7} 3.27~4.532}3 3=, &
o] pHE o] 9ol & LAt A¥Fs YEhi AT

ABY-3 starterE o] &

MMW &

YMean+S.D.?Mean with different superscripts in each column(a-c) are significantly different (p<0.05)

59k millimeter wave
=439t ¥ 82 Q7 =ES pHE =H3 43
controle] 4512 MMW ZA}-9]
o] &3 §F=E9] pHe 4.46~4.49
4.35~4.362] ®HZ e
o] &3 QTEES AL MMWY ZAMGF 2 Fa47 8T
¢ttt Chameber JV(1979)=
o]-g3taL

aT=E WEAH pH
ZA% QT 2E

M60(0.57%)>M70(0.55%)>control(0.51%)
o] o7 FoAl AolE YEMJT. YF-L812 starterE o] &3 QF2ZEQ Atx=
o] 0.56%%2 MMW ZAFHTF foFoz =& AxE Vel YC-X11 starterE

control
o] &3k



2 fo

T2EQ AT E M60°] 0.62%= M70= controldll ®ls] 714 =& z+-S Jehdth AAA
AEel AAMNEZE  Davis(1970)7F 0.7 7 1.20%°14  YERTi s,  Rasicd

Kurmann(1978)-> 0.95 " 1.20% WA 4tw7t F7igitta Basido. 2 A3 371HA

starters} MMWe] ZAto] @2 a2 E9 Az 051~0.61%2 W9z 24

o] At

¥ 8. Millimeter waved] Fut+ @ starters sto] HaAZ QFEES pH ¥ A%
Sample pH Acidity (%)
ABY-3

A_Control 4.51 + 0.02"2 0.51 = 0.00°
A _M60 445 + 0.02° 0.57 + 0.00°
A_M70 445 + 0.02° 0.55 + 0.00°
YF-L812

L_Control 4.46 + 0.02° 0.56 + 0.00°
L M60 4.47 + 0.06° 0.54 + 0.00°
L _M70 4.49 + 0.02° 0.54 + 0.00°
YC-X11

X_Control 435 £ 0.01° 0.58 + 0.00°
X_M60 436 + 0.01° 0.62 + 0.00°
X _M70 436 + 0.01° 0.61 + 0.00°

YMean+S.D.?Mean with different superscripts in each column(a-c) are significantly different (p<0.05)

T 9= MMWE ZAEY Ax3 g7 =E° yneresm% %—W 3t ZAxtolt}. Syneresis #/d-
A o] AEel o3t Ao FHlE FHOoE dojur AGSE QTEZE AHA A dojus
A EYE Z3t}h ABY-3 starterE o]-&3te] A %3 ﬁ—"rLE__E_A Syneresiss= M60°] 32.25
g/100go] fFeH oz e s vehdow, YF-L8123 YC-X11 starterE o] 83 QFE2E
o] 749 MMWe ZAMF5F 2 Fik47F QT2 E9] syneresisoll F22Qd F&FS wxA| &%
o},

MMWE ZAe @ F2ES HEE =AH3 Ax}, ABY-3 starterE o] &3 QFEEQ HE&=
1121.38~1188.58 cPZ uElyto ™, YC-XI11 starterE o] &3k @ F=2E9 Hx+= 1157.50~197.40
CPE UE oL} 99| starterg ©] &3 LT E2ES] A=+ MMWO XA f5F 9 Fakgo ¢
S PSS YeA] &t YF-L812 starterg o] 83 @7FE2EQ HE= M700] 989.58 cP,
controle] 1116.80 cP, M60°] 1237.00 cP =22 %A Yelytth Rasic & Kumann(1978)& &
ZES HE 22 58 Ao FFS PAE F8 QR0 EE QT E2E YA FAYPE,
o, d g s, 7 2 AT Bl 59 sol At BauE u Ak
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# 8. Millimeter wave?] Ful4= 9 starterE glsle] HaAZl 2T =ZE9] Syneresis @ H=

Sample Syneresis (g/100g) Viscosity (cP)
ABY-3

A_Control 3737 + 1.82 1156.10 + 10.32°
A M60 32.25 + 0.18° 1188.58 + 82.05%
A M70 37.32 £ 0.67* 1121.38 + 85.45%
YF-L812

L Control 36.15 + 4.49° 1116.80 + 37.05%
L M60 3441 + 0.18° 1237.00 + 59.40%
L M70 35.29 + 0.00° 989.58 + 72.44°
YC-X11

X_Control 37.25 + 0.49° 1157.05 + 23.26°
X _M60 38.13 + 1.22° 1397.40 + 35.64°
X _M70 37.36 + 1.58* 1296.70 + 125.44*

YMean=+S.D.?Mean with different superscripts in each column(a-c) are significantly different (p<0.05)

YEL FL MMWE 2Asil A2 8= AGTE 29T Pohe = 104 Dok
ABY-3 startere} YC-X11 starterE o]83F QF=2EQ ZAAHFL

2 YeEpter MMWe AR5 8L Fabaol] ofgh fofab= UrEPUer %’%%E}. YC-X11 starter
2 o] 83 QFEE BAFL 866~9.79 log CFUMLLO. 2 A F starter2 A %3 QF=ZE
of A4FRT ¥ UEREon M0 &7 =2EC] Ao frojdow i Uegt Baf
AN fardel AEsE Fv 5o FRo| 4 F7) wWEe AFolAe WFFE AIs
Z23thHDeeth &Y 198D). f-ejuetolA 2F2E] AR F42 A% A4 8l 54 272
Eo| Ad4E 47 103 10° CFU/mLeldo.2 Hof ok # 43 RE 4¥rse] sdila
Tt A4A weolgor AR FA Agsgnt
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# 10. Millimeter wave?] Fut 2L starterE @gste] LaA 7]l QT2 EQ XA

Sample Lactic acid bacteria (Log CFU/mL)
ABY-3

A_Control 8.52 + 0.10"%
A M60 8.47 + 0.01°
A _M70 8.31 + 0.57°
YF-L812

L _Control 8.67 = 0.16"
L M60 8.75 £ 0.55°
L M70 8.28 + 0.30°
YC-X11

X _Control 9.68 + 0.24°
X _M60 9.79 + 0.18*
X _M70 8.66 + 0.36°

YMean=+S.D.?Mean with different superscripts in each column(a-c) are significantly different (p<0.05)

FAFAN f7140L T Sol ZASE AT AR L FAE] BALE So o3
W olololE Zaw A% Bae) A®

AAREILL, QT E2E oA {714k 7)ot FUFA
ZA ofF @i{o}t} Millimeter WaveA ZA 9
g starters =,
&3t A =3 PL:rL—ELE RF A4k okol & #7145kl Bls] vz %_—":7%] Ueth} 8 FEE
o Fa3d fUAIS & F Ul ZAke] kS ABY-3 starterE o] 83 QT EE]A
M70¢] 100.04 mM, YF-L812 starterg& o|&3% @F=E+= M60¢] 101.22mM, YC-X11 starter&
o] &3t S FEZE+= M60°] 08.39mM= =4 YEMSTH ABY-3 starterg ©| &3 S FE2E9 24
SHeF2 48.62~56.50 mM, YF-L812E& o] &3 QT =ZE+= 50.64~60.36 mM=Z T+ starterE o] &3}
o Az STFZE 2ARES M700] A4 Uekgth YC-X11 starterg o] &3 SF2E&
50.83~55.66 mMe] FEo = YERGT FAAMY S 3FFRY starterg ©] &3 L FEZE B
5 controlell Wl MMW ZAM9] el & AFS YeEhdddth

ﬁod
2
n 2
N
_0,4
£
_11}1'
i
iIn
)
it
— m

m
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¥ 11. Millimeter wave®] F3<4= L starterE Zelste] LaAZ QFEEQ F7|4F ek

Sample Lactic acid (mM) Acetic acid (mM) Citric acid (mM)
ABY-3

A Control 87.53 48.62 5.79
A M60 86.87 49.36 5.89
A M70 100.04 56.50 7.76
YF-L812

L_Control 86.05 50.64 6.97
L Mo60 101.22 54.56 8.55
L M70 92.79 60.36 8.37
YC-X11

X _Control 95.17 50.83 6.15
X M60 108.39 54.90 7.84
X _M70 100.94 55.66 7.45

ABY-3 starterE &3l @& 7|7t F<F millimeter waveS 60GHz} 70GHzZE ZAFste] A

s Q?E EQ] F ohu:gt aFe B4 Ax= & 129 2dh Glutamic acide} Tyrosine]

& M609] @7 =2ECA FojF oz YA YEtyt o}, o] otuiihe A|93 & of

millimeter wave®] AR 59 Fapgol o3 FEFS UERHA FUTH F ofw|=4ke]
= ABZY Fo3FHd AolE YEMNA %ol ABY-3 starterE HEI QL FEEQ ofn
2ol millimeter waveZ} &S H XX FE= Ao 2 YEST

ol

Mot o FN

e ol i ol
1:10“ é o rlo

- 12 -



X 12. Millimeter wave?] F34 2 ABY-3 starters

olgale] RN QT2ES ofn)wit

s
(&% : mg/100g)
Amino acid Control M60 M70
Aspartic acid 2072.92 + 5.12D% 2046.82 + 4.79° 2066.51 + 15.22°

Threonine
Serine
Glutamic
Proline
Glycine
Alanine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine

Total

1069.64 + 3.32°
1385.81 + 4.34°
6389.82 + 7.37%®
2243.07 + 10.03
489.42 + 0.52°
880.66 + 1.17°
1297.37 + 3.97°
716.67 + 2.04°
1143.88 + 5.81°
2612.84 + 1.53°
1183.32 + 8.68%®
1273.54 + 3.39°
2084.13 + 4.93°
661.93 + 2.00°
827.16 + 5.56°

26332.13 £ 29.19°

1041.86 + 35.76
1365.80 + 26.30°
6257.83 + 64.33
2210.12 + 60.65°
477.90 + 6.60
866.83 + 6.97°
1293.09 + 10.93
704.31 + 4.92°
1101.21 + 71.76"
2537.72 + 79.11°
1164.29 + 17.08°
1244.77 + 19.62°
2031.97 + 67.29°
635.23 + 30.46°

816.34 + 19.74°

25796.05 + 502.79°

1086.16 + 6.44°
1412.46 + 5.66"
6418.73 + 47.62%
2236.02 + 16.34°
489.65 + 4.41°
872.62 + 3.89°
1325.46 + 24.88"
707.90 + 4.94°
1163.31 + 17.92°
2638.59 + 15.37*
1211.44 + 4.26°
1277.12 + 12.55°
2083.51 + 8.22°
665.40 = 7.15%

841.84 + 0.65°

26496.66 + 161.56°

YMean +S.D.?column(a-c)Mean with different superscripts in each row(a-c) are significantly different (p<0.05)

YF-1.812 starter® A&
Az QFEZES] F

methionie®] 3HEFS MMWE] ZAL]F 9 Fal4=o
M60 @ TE=ES} G A
Es #o42 Y T FEoR

7 9] ofmmate

stel MR/ Fo

ofv] 41

o2 FoF Q] AolE YEAH.
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X 13. Millimeter wavee| F3}+4

A o

2 YF-L812 starterE 9]

g3t TEAZ 2TEES] ofr:

(F¥ : mg/100g)

Amino acid

Control

M60

M70

Aspartic acid
Threonine
Serine
Glutamic
Proline
Glycine
Alanine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine

Total

2040.43 + 3.24%?
1055.17 + 19.16°
1379.50 + 17.60°
6381.01 + 32.27®
2263.49 + 0.31°
484.97 + 4.06°
861.16 + 4.57°
1342.42 + 30.17°
707.91 + 1.29°
1166.81 + 1.95°
2603.24 + 30.36°
1202.98 + 1.10°
1255.80 + 1.05°
2070.90 + 32.85°
664.45 + 13.42°
853.49 + 4.07°

26333.71 + 114.76°

2004.78 + 17.66"
991.45 + 8.27°
1319.79 + 13.04°
6210.37 + 55.20°
222947 + 14.24°
471.36 + 4.21°
856.42 + 11.46"
1067.59 + 4.21°
696.81 + 8.41°
949.42 + 0.08°
2473.61 + 25.77°
1187.83 + 4.24°
1226.75 + 6.14°
1973.25 + 1.58°
625.39 + 5.70°
811.25 + 0.52°
25095.51 +

171.23¢

2092.01 + 16.19°
1085.75 + 7.91°
1390.14 + 14.31°
6575.21 + 94.30°
2290.60 + 54.12°
500.79 + 5.80°
879.10 + 8.77°
1437.50 + 27.77*
718.36 + 8.10°
1275.22 + 13.33*
2729.39 + 26.33%
1249.26 + 9.86°
1295.95 + 9.84°
2143.69 + 22.68"
695.12 + 3.11°
907.19 + 5.56*

27265.26 + 327.95°

YMean+S.D.?Mean with different superscripts in each row(a-c) are significantly different (p<0.05)

YC-X11 starterg& =

2% 8F2EY F ofnli:

st TE7| T

T4k e BA3)
=2

control® M60¢] o}m| i 4to] 7oA

o
-
L ALS L+ O &k o

e W2 e UEdS.
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¥ 14. Millimeter wavee] F3}4= 9 YC-X11 starterE o] &3fo] 7l @FE2EQ ofv|x
Ab 3hEF
(F¥ : mg/100g)
Amino acid Control M60 M70

Aspartic acid
Threonine
Serine
Glutamic
Proline
Glycine
Alanine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine

Total

2078.04 + 12.05"°

1064.52 + 10.92°
1377.45 + 14.38"
6436.03 + 5086°
2267.48 + 0.10°
490.23 + 3.22°
875.36 + 5.06°
1275.33 + 9.98°
707.93 + 0.57°
1136.17 + 4.77°
2595.80 + 4.36°
1152.40 + 4.28°
1266.58 + 0.61°
2064.68 + 2.81°
668.11 + 3.68°
836.10 + 3.12°

26292.16 + 121.09°

2046.25 + 21.90°
1067.48 + 13.31°
1379.13 + 18.18"
6366.17 + 53.29°
222548 + 82.67°
483.62 + 4.62°
859.25 + 11.28"
1321.88 + 11.18°
710.38 + 5.76
1165.16 + 2.15°
2591.99 + 20.01°
1172.58 + 2.13°
1255.30 + 9.56°
2085.23 + 21.51°
667.14 + 3.90°
839.94 + 3.75°

26236.92 + 285.18"

1947.11 + 5.50°
1021.42 + 7.18°
1279.81 + 2.69°
6132.85 + 42.59"
2136.24 + 38.08"
471.30 + 1.65°
821.64 + 4.45°
1381.06 + 4.65°
668.79 + 1.06°
1257.05 + 4.12°
2531.00 + 1.83°
1122.89 + 9.57¢
1215.15 + 1.45°
2003.70 + 1.00°
665.41 + 1.27°
833.33 + 6.16°

25488.70 + 88.81°

YMean+S.D.?Mean with different superscripts in each row(a-c) are significantly different (p<0.05)

3 F7F9 starterg HEsIal millimeter waved ARSI A|x23 QFEEQ] IAFHAE H
Ve AR & 159} 2t} ABY-3 starterE o] &3 @ F=EQ WA A A ouh x
217k, A¥bAQl 7Ex, olFH e &dEolA contorldt MMW ZAMS] FoxtE YERA ko
o EI MMWE %JJr—’F of 23k 2polE YEMNA 2dth. YF-L8I2 starterE o] &3 QF2E
o] AXAA Ay, AtAQl 7|E %A contorl STFEE HlE M60 S TEEQ 7|Z=7F F
gAoZ =4 YeElgoy BHE $£F9 7155 JERYT YC-X11 starterE o] &3 8 7=
Eo] #5HA A3, ABY-3 starterg ©]-&3 Q7 E2EQF FAE A UEHATH



¥ 15. Millimeter waved] F34 2 starterE &8sty HaAz QF=2EQ AF5H7}

Color Flavor Taste Texture Overall Off flavor

ABY-3
A Control 5.00 + 0.00"? 5.17 + 0.41* 4.67 + 0.52° 5.00 + 0.63* 4.83 + 0.41* 2.00 + 0.00"
A M60 517 + 0.41° 4.83 + 0.41* 4.83 + 0.98 5.50 + 0.55* 4.83 + 0.98* 2.33 + 1.03°
A M70 533 + 0.52° 4.50 + 1.22° 4.83 + 0.75* 5.50 + 0.55* 5.17 + 0.75* 1.50 + 0.55°

H_

YF-L812

L Control 5.17 = 0.41* 4.17 £ 0.41*° 4.00 = 0.63* 4.50 + 0.55* 3.83 + 0.75" 2.33 + 0.52°
L M60 517 £ 041" 4.17 £ 041" 483 £ 0.75" 5.33 + 1.03" 5.17 £ 0.98" 2.17 + 0.98"
L M70 533 + 0.52° 4.67 £ 0.82° 4.67 + 1.21* 4.83 = 1.17* 4.67 + 1.21" 1.67 + 0.52°
YC-X11

X Control  5.00 £ 0.00° 4.17 £ 041" 4.00 + 0.89° 4.00 = 0.89" 4.00 = 0.89" 1.83 + 0.41*
X M60 5.00 + 0.63* 4.67 £ 0.52° 4.50 £ 0.55* 5.00 + 1.26" 4.50 + 0.55* 2.50 + 1.05"
X M70 517 £ 041" 417 £ 1.17" 433 £ 1.37° 433 + 1.03"° 433 £ 1.37* 2.17 = 1.17*

YMean+S.D.?Mean with different superscripts in each column(a-b) are significantly different (p<0.05)
(th Millimeter wave ZAfel] w& wtdgo] ZHAEA

A AxE 29 FEHOE 0TCAA 59 & HHSP o, Har|Zk 52t Milimeter

wave o] Tiq"l‘é‘ 60GHz 32 70GHzZ =Atetdtt. whde] o] FHASAHLE 29 = AFHE 1Y
A0 T ANEE AHHs PSS
gde o] pHe 2Haee] Harid F F29 AEE & 7+ Ae T8 AFY 7 oy
s AAAAANA BFHoE YHAHER A HazxeY s %‘X—}f” T e T
AgQEoZ drde|e] pHe TaEHAGAA HH= A8 7HA &
B} 2F 8 B TS we AR A Utk MMW F3449 .%Zj% gElste] Az
wAg el pHE % 16 @ Fig. 3.3 #oh war|zt ¢k 2tdele pHE controle] 4.43~5.06,
M60o] 4.51~5.13, M70°] 4.44~5.15%2 YE}row, w229 HF pHe 4.46~4.492 LEFRETE ©]
= BRE A pH HYU.0~4.6) W oz B AFoA whdgls ARE7 189 A
o2 HRAY EE HAY ARSS T8 2AA7IA FolF o2 pH ghel Zasion, 28 2
A o]F 2= pH 7o Wyl dABSA FAEHE AFS UEAT. MMW F3t 60GHz=
A 2 2(M60)8] pHE ZaZIZE B¢ FoH o2 & AEFS HEUHJSeH MMWE =
AFHA] ke whA g (contro)# F34 70GHzZ 2AME HEEg(M70)E 2HE 3URHEEE 9
2H5 UER A et

ok
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¥ 16. Millimeter wavee] F3+5 ZE|ste] HaAzl 489 pH

Fermentation period (days)

Sample
0 1 2 3 4 5 SEM?
Control 5.06"A 475" 4.48" 4.43° 4.45%P 4.46"P 0.01
M60 5.13% 463" 4.51%¢ 447 447 4.49*° 0.01
M70 515 4.74® 4.50% 4.44° 4.44° 4.46"° 0.01
SEM? 0.01 0.01 0.01 0.01 0.01 0.01

YValues with different letters within a column (a-b) and a row (A-E) differ significantly (p<0.05).
YStandard error of the means (n=9). ¥Standard error of the means (n=18).

e' ....... s
4
o
= 4
2
—#— Coniorl
1)q o M6D
—¥— M7
D T T T T
0 1 2 3 4 ]
Fermentation period{days)

Fig. 3. Millimeter wave®] F3t+& 2gjste] HaAZl 229 pH

A= wtde] o] pHelE d&d2 vAH 34 @7 AR A whdee] Srjek nEAdl
VFe T T8 8o Tart JPHE S 6l T ax, A 5o Ago
AR 714k o %—7}%}%31, A=TE AUAA w2 A9 TEF A2 doiwEe
T A, AAEZE UR dtod B 549 AE A 5 glo] AAMES fAs SOl
Fastth & 17 3 Fig 4= =tdele) 45E A A4, Z& e Asse 2d °9e
AFO0Y)FE TE 7 FE A=Y ol 0.15~035%2 FHA SIHE vEhd TE 2
SAZAE MMW ZALS] el g Aol & YeEhfA @gkem 2aE 3d ARE s MMW =
AFHME0, M70)9] AH= FaFe] controlRth YAY FASHA YERE O MMW A B ok

o o3 FRF Aol YEA W)
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¥ 17. Millimeter wavee] F3+E GE|ste] FEAIZ 4289 4=

(221 : %)
Fermentation period (days)

Sample

0 1 2 3 4 5 SEM?
Control 0.16*Y 0.19% 0.27%° 0.31% 0.33% 0.35% 0.00
M60 0.15F 0.20% 0.27%P° 0.29°¢ 0.32°8 0.34%4 0.00
M70 0.16 0.20°° 0.27° 0.29°8 0.33%4 0.33% 0.00
SEM? 0.00 0.01 0.00 0.00 0.00 0.00

YValues with different letters within a column (a-b) and a row (A-F) differ significantly (p<0.05).
YStandard error of the means (n=9). ¥Standard error of the means (n=18).

0g

0.4 -

Titratable acidity (%)

0o T T T T
0 1 2 2] 4 ]

Fermentation period(days)

Fig. 4. Millimeter wave?] F34+2 2g)ste] Far gl G289 A%

ofF| A4t aRo FUUo=E o] &M fusel ol ester 5 FVHEOE WHElsiE FT&
g Aot &0 AARE Fosty AUAA "ol AAE woe €tlo] =F3E A 22
=713 Bhe el FE S stEAIn. s opn| et ke & 183 Fig. 5.9F . 2
o oEE AF0DFH LEV|L FA ZE H2Y AR opveAt FEe] fojHow Frtst
© AF%S UErAeH, {714k 2 0.05~0.09 g/100mLe] ML= UEST 2 A
AlEe TE AIAZMA MMW 2AEe] {7 81 Fahgo] ©hE 2polE YehlA &gtoy 2a
32 5¢A o= M70>M60>control =02 ofm| it gtafo] Folx oz EA el
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3% 18. Millimeter wavee] F3+& ZElste] TaA ]l 2Hde 9] 77]

23
o
ol

(&9 : g/100mL)

Fermentation period (days)

Sample
0 1 2 3 4 5 SEM?
Control 0.05°Y 0.05° 0.05* 0.06" 0.06" 0.07°* 0.00
M60 0.04°¢ 0.05% 0.05% 0.06" 0.06" 0.08%* 0.00
M70 0.05" 0.05% 0.05% 0.06" 0.06" 0.09** 0.01
SEM? 0.00 0.00 0.00 0.00 0.00 0.01

YValues with different letters within a column (a-b) and a row (A-C) differ significantly (p<0.05).
YStandard error of the means (n=9). ¥Standard error of the means (n=18).

g
-
g
g
o
=3
]
«
[=]
b=
E
< 0024 —&— Conirol
o M60
—y— M7
000 ‘ ‘ ‘ .

i] 1 2 3 4 ]

Fermentation period{days)
Fig. 5. Millimeter wave®] Fut+& 2Elste] WaAZ] A9 {74 &

HAe Az AAHA AHEHE ¢IZELS FF T amylased] FE0E A5 ARE FE
o7 Fasta, A FES AR o3 dFE FEY VAR o]§FHo] &I Lo HAHHE
2 38 A0 wet ¢3E FFo] AT B AFAA ARt tEee ¢33 dFS %
19 2 Fig. 6.0 Yt & wHde] AR d3E IFE 20 5 AFO0DFE HF
g 7z T FYHeRE FUtseE AEFS UEIAT B8 09 2 19A = controld] &

< ol MMW ZA ”‘73_3]9] dHg ol ve] FoForg w4 yegton, ¥ 2d

=7

34

3LA o= M70 =Hdele] &dxs ¢ Al debst HAFEEA MMW A 22 2 9]
d31E el controlol Hlsj il:—ﬁl UEstom M60 =Hd el o] s ko]l M70 =H2 o H

=4 HEtd MMW Futo] g #2238 YeER AT

O W:]
]o

ol
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¥ 19. Millimeter wavee] F34+5 EElste] daAzl H4ge d3E

eIg=s

(9 - %)
Fermentation period (days)
Sample
0 1 2 3 4 5 SEM?
Control 6.57*" 14.34%F 15.38° 17.44°¢ 20.91°® 22.52¢4 0.02
M60 3.37°F 12.23% 15.55°P 15.57° 19.16"® 23.67* 0.05
M70 473 12.24°F 16.97°° 20.56°C 20.83% 2327 0.03
SEM? 0.03 0.02 0.04 0.02 0.05 0.04
YValues with different letters within a column (a-c) and a row (A-F) differ significantly (p<0.05).
IStandard error of the means (n=9). ¥Standard error of the means (n=18).
30
s
=
=]
g
%
Sy o M6D
—¥— MU0
I] T T T
I] 1 3 4 5
Fermentation period(days)
Fig. 6. Millimeter wave?] 345 Ee|ste] daAZ F4dele] ¢3S TF

¥ 203} Fig. 7.o] YEr
= AT vz #o

Millimeter waveE o] &3l A=
Witk AEFo Fre mAYE
e JRoz FaAdEd 2¢ 7
6.63 ° Birx, M70> 5.83 ° Birx <22 94 Ao nE oA

1
} 10.47 ° Birx®= 7}%} = o

gl Age F=rF 539 o M0 F=7 S-S Yehgle
U 3E 24AREHE ZE 94 AR dE7F ZAseE 4TS eIt M60S] d ==
control¥ M709) w3 29 @5 A 55 Xﬂﬂﬁb"i FolH o g w& Foheke Yeh At
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3% 20. Millimeter waved] F345 gt HaEAZ 49 G =
(&9 : “Brix)

Fermentation period (days)

Sample
0 1 2 3 4 5 SEM?
Control 7.27%D 9.87° 9.13® 8.50°° 8.60°C 8.47° 0.04
M60 6.63"F 10.47*4 9.77% 8.90* 8.80% 8.60*" 0.03
M70 5.83¢F 9.73 9.30" 8.77°¢ 8.50"" 8.47° 0.04
SEM? 0.05 0.05 0.04 0.03 0.05 0.04

YValues with different letters within a column (a-c) and a row (A-F) differ significantly (p<0.05).
YStandard error of the means (n=9). ¥Standard error of the means (n=18).

Solub le solid contents{” Brix)

0 1 2 3 4 3
Fermentation period{days)

Fig. 7. Millimeter waved] Fu+2 2aste] daAz w248 g=

T ol & gty FPolgta gtk waARA F FI Tl
= Bol AR o3t o] &EHAY, B o] & £EAo|7}F Y5E B
Balg FAlC En9 JIddoly wHE VFARZ o] gFHE
GE7F Pl wet 3 FFS A4S "ok E 21 2 Fig. 8.2 MMWE ZARste] A
%23 wdge 9 dFe =4I Ayolty wdge 9 g 2g g5 ZAF(0Y)l
controlo] 5.54% =% H-2 ¥FFS Yo M0 M702 e IS ‘/}E}‘—H?iq g 1
A= BE A2y A5 FF T AU=E Frlstden #&E

2YA e FTF T
o] Al HFHE Al oA Contorl 0.62%, M60-2 0.17%, M702 0.86%= UESTE =7]
ol = control®] F% YfPE‘EO] fFoAog oy Bg 24RHEH= M?OA 9 T =7

Cehgom M0 WE 717 B¢ ROHOE % FY FFE vhehiinh
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# 21. Millimeter wave?] F3+E gaste] a7l o] FF THF
(2 %)
Fermentation period (days)
Sample
0 1 2 3 4 5 SEM?
Control 5.54°AD 5.76™ 2.75% 1.32°¢ 0.70°° 0.62°° 0.16
M60 1.77°® 3.86™ 1.94%8 0.63" 0.31¢ 0.17°¢ 0.31
M70 2.79°8 5.16™4 4.23* 2.89%8 0.90° 0.86° 0.60
SEM? 0.32 0.62 0.54 0.42 0.05 0.04
YValues with different letters within a column (a-c) and a row (A-D) differ significantly (p<0.05).
IStandard error of the means (n=9). ¥Standard error of the means (n=18).
7
5
g
o]
=
H
Fermentation period{days)
Fig. 8. Millimeter wavee] Fu+& 2ty LEAZ 4] T3 &7F

g5 g so] G2 F= F8

ol

F Aol MMW =

rlr
ofy

AL stdele] #dg S AT A9E & 22 2 Fig 9.9 YeElith 2¢ @5 AF0Y)
g S controlo] 5.03%E M60(4.06%)% M70(2.83)°l HI3l ol o= =A JEeb

1940l = controle] 5.81%% Z7}3lgom MMW ZAF whde] A 2E 5.05~5.06%2
skl o controle] fHdd Fafoll vIs) frojF o= BA YERRT. HE 2AAFEHE BE
Aol ARe BUY FRFl AT BE AP s A dEridlon Me gAY
control M709l ®l&] ooz =& o3tar

ofy
rlo

© 2ol oo
~
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¥ 22. Millimeter wavee] F3+E ZElste] TaAzl Hde 9 U gaF
(T8 %)
Fermentation period (days)
Sample
0 1 2 3 4 5 SEM?
Control 5.03%D 5.81% 2.26" 0.95°° 0.83°E 0.78" 0.04
M60 4.06%8 5.06™ 2.69% 1.10°° 1.05%° 1.04°° 0.14
M70 2.83% 5.05% 227 0.95°° 0.74°F 0.77°PF 0.08
SEM? 0.08 0.20 0.09 0.03 0.04 0.03
YValues with different letters within a column (a-b) and a row (A-E) differ significantly (p<0.05).
IStandard error of the means (n=9). ¥Standard error of the means (n=18).
7
g
)
2
)
2
g
&
D T T T
0 1 2 3 4 i}
Fermentation period{days)
Fig. 9. Millimeter wave2] S35 2elste] BaAZ] 2tdee UG FF

MMWE ZApste] Alzgk wbdele] daxryd 5 Fr4o Wsts & 23 9 Figlo. 7‘5}
MMWE zAFst 242 M607 M709] F+#4+= 6.60~6.75 log CFU/MLe] FFo 2 YEMRt
control 6.68~6.85 log CFU/mMLe] FFo 2 da7|7taet wde e a4 W3yt b3 %‘E
A& JeER o™ MMW ZAHe] f5F 9 Fakd g fo|xE Yeb A gt
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¥ 23. Millimeter wavee] F3+5 ZE|ste] FaAZ G4dg 9 FHS4 A3
(+9] : Log CFU/mL)

2

Fermentation period (days)

Sample
0 1 2 3 4 5 SEM?
Control ~ 6.73%°" 6.85* 6.68° 6.74° 6.70*%¢ 6.71°5¢ 0.02
M60 6.72*A" 6.70°A" 6.68" 6.60°C 6.69*" 6.74" 0.02
M70 6.73*A" 6.75"* 6.68*" 6.72*A" 6.67" 6.71*" 0.03
SEM? 0.04 0.01 0.03 0.02 0.01 0.03

YValues with different letters within a column (a-c) and a row (A-C) differ significantly (p<0.05).
YStandard error of the means (n=9). ¥Standard error of the means (n=18).

—#— Control
- M60
—¥— M7

Microbial cell coumnts(Log CFUMmML)

D T T T T
0 1 2 3

I
on

Fermentation period(days)

Fig. 10. Millimeter wave®| F3+5 2elste] WaA ] 2pde]o Fva W3t

A darvk Jggel wet friake]l AAdEo] pHYF A4St A& of| A4k, {714
o] NS 3le] ester 59 FulARo] AAHM, olm FHE, F7I4F D ofniit T
Bol 8@ JTL S Zlo] PRt MMWE A e ERgs WHE

2 ¥ 24 2 Figllel JENAT MMWES ZAHE s M607 M709] ERd5E

/\g Xé
Els x =] 2
o 250 01] 8.21 log CFU/mLZ control 8.17 log CFU/mLe)| ®l&] fojx oz =4
Ebygtom 3 Aol= e Hde] A5+ 8.91-8.95 log CFU/mMLE F71st% o4 MMW
=z 1
]

g 1¥
AR Foirol SlR fOIAE UEGA @D, R 2UANE AEUE A e
ARS ERFFE Zass ZFS UBIor MMWe] 2AF §F 8 Fohid BE 3
o|g UenyA egkth
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3 24. Millimeter wavee] F3+& ZElste] TaAZ] 2Hde|e] andS Hst
(+9] : Log CFU/mL)

Fermentation period (days)

Sample
0 1 2 3 4 5 SEM?
Control 8.17°4 8.91*® 8.84"C 8.76™ 8.80"F 8.59% 0.02
M60 8.21%" 8.95% 8.85% 8.81%%¢ 8.79* 8.61%" 0.02
M70 8.21%" 8.92* 8.73% 8.72% 8.66* 8.63% 0.03
SEM? 0.01 0.02 0.02 0.04 0.02 0.02

YValues with different letters within a column (a-b) and a row (A-F) differ significantly (p<0.05).
YStandard error of the means (n=9). ¥Standard error of the means (n=18).
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g —=#— Control
- W60
—y— MT0

D T T T T
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Fermentation period(days)

Fig. 11. Millimeter wave®| Fut+E Zjst] TaAZ] HAe]Y aR g W}

£ 25+ MMWE F3 60GHz ¥ 70GHz=Z ZAlst A3 wtdele] MxE yepd 23
oty &7 ¢ wEElY L(lightness) #2 2@ 95 A0 M603 M702 zHzt
44.10, 43.45%2 YJEFO U control& 49.842 §oH o=z =4 et controldt M700] &

197742 Zobetdehr HE 29RE Zaste A
Z7vete e el M602] L g a7t
T M0 Be L ghe denigoy HEwa wpdee
o W& xtolE YUEA LUt a(Redness) # B dy ARV TE 1dA o T4
ot HELaztA Zr7kstE AEFS JeRATh b(Yellowness) b2 controlo] 2%+ wa
41500 A HFTHEA| 3T7TE %—%4 Zo] A Yepgort M60Z M702] b g 2t &+
Zy7} 2.62~4.58, 2.55~3.382 L& 7|Zto] F74E wet Frbete A S JERAITH

S Jeguilen M60S 2E 29 A 7tA
e FoHoR B AFgS Y

L 2 MMWe] =AF 45 9 F3
]_

ol
Jor Lo 38 4>

Mo

- 125 -



¥ 25. Millimeter wave2] 3}

8 geistel WA Fdele] A=

Color Fermentation period (days)
Sample
value 0 1 2 3 4 5 SEM?
Control  49.84%D  51.11"* 50.72%8 50.18% 48.88%° 49.00%° 0.16
M60 44.10°F 51.59% 52.23% 49.84°° 4928 50.89% 0.13
L
M70 43.45B 4964 48.29% 47.68% 47,542 48.87* 0.91
SEM? 0.05 0.10 0.09 0.13 0.25 1.29
Control ~ -1.41°* -1.60%° -1.57°° -1.50°¢ -1.46%8C  _1.44%8 0.02
M60 -1.29% -1.62% -1.58PE  _1.50%P  _145%C 137348 0.05
a
M70 -1.45%4 -1.64% -1.48*8 -1.46° -1.46"8  _1.46™PB 0.01
SEM 0.01 0.01 0.01 0.02 0.02 0.07
Control  4.15* 3.82% 3.72%8 3.97%B 3.67%8 3.77%8 0.14
M60 2.62°P 3.35% 4.40* 3.71% 3.67%8 4.58% 0.13
b
M70 2.55% 3.12¢AB 3.18°AB 2.92%8 3.19%B 3.38% 0.16
SEM 0.04 0.04 0.17 0.13 0.23 0.17
YValues with different letters within a column (a-c) and a row (A-F) differ significantly (p<0.05).
IStandard error of the means (n=9). ¥Standard error of the means (n=18).
2. T G99 w2 JAE B4 EAAE
H 717t EEvEa gy E3 60GHz tid g o] &3 M2 XAt 7[&so] AFEEH
Atk ZFEAA Ao FF Agle 10m AxolH ¥ RS ALEsle] oUAE Eof FAS)
= Afde Ho 18m A=olt. uetA "Ev e iy 53] 60GHz dide] M3 E4ES &
A3t AL T8 dolth. delvHy 9o Hdy 54 2 dejvEart dutsE s 32 oA
A= AdES A7 &4 Yoz oi7] 24, AL - Fol 3, I F U7 iae
Z Ak S0l 71dgoh Fig. 13,3 Zo] 4AEAe] F44, & 5571

+ °F 60 GHz, 118 GHz °|¥, &&A9 F+A42 oF 22 GHz, 193 GHz,

&3ttt

=
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T3 F7] o9 FAEZAR] HE FHALo] dEkd 4 A A fFAES dae) 4ka
2 FESIY fdes A 2= vsF 2o
X 26, &7], A&, A9 FAE
o 2l 7] A2(207) AH2(207C)
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Fu gige 2 HAEAY EALS TA WsF IdeS E90T e uR o
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A3 Y& o d WA & Fuk WskE AY gllon, wAEAY EAE A Wyt gl
o Agol| A8¥ 60GHz resonator 9] ZAFS T3 Tx JIdEAd A EHAERTOE A
FoFrb 4AbAS] EA R FAEE v ™ we FEEA WEEs g0 £ AU
o Aio FA FIHF WHol= ?‘—‘?Q = 7t 4834 A9 FHAshG AAe Afde
lkg/cm2 2] 7Z3%-ol&= 60GHz oA 59.98GHz 3} 59.99GHz =, 2kg/cm2 o] 74-$-oll+= 59.97GHz
7 59.98GHz = 2 FdHE A 483 T4 Fua wHolg AuAAT s gAY +
AN, FF AAAA F8&LS 913l 60GHz resonator & £F3HE ¥ oldet FEEE £0l7]
el Ao AAE FUskE WA o] opd HIHFAOELR A4 EE HIANZE F v U

o] 7besttt. vl SollA=60GHz £@ 3t F8AI2Flo] TerabeamAl, 21AloF Elvait ol
oA JHEE F&eH I . 60CHz A= A2 Fa4 AR §7) glo] AR
T 9doem 1% 57-66GHz thel 23 Hd 9GHzel Z3le= WS e o] &8 4+ Atk
60GHz thee] a2 BElvlE &= ofF 27| el &% AZF37t 7hesitth. weps 8
SH T AAue WE2 e A5 WSt g sFo] FeaF METE AA e
ATh EF =@ Zo] s v sts A7|E HAE aAEE &% a3t e
grle] £%s7E 7bestth. =3 60GHz tid o] Fage 7[EA o2 A-NH(FAMWES)
ARESHAl Hof glemz QA WA FEFe] Fow, HE A AAAurt 2AE AT
stoets 5 npgeA =] M 60GHz tiye] 3271 FdH ez AAES 2]
Al A oA ET e 710l 8% EAVE I 01*“2319} P71 HL 2 A= A
TIH FAC BARAA TEA ok ot FH e dEddl =9EE e 545 8
1 wire-bondingS ©|&3t 3 E2EF AAste= W2 Ol TE AHEES itk olg W
LEO &% Akl Abgets WA tF Aol Jhed Al 2F o] et
= dev e e] 60GHz thYS Be A7 2 7«9 /iAol Bagh H4Ao
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