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Study on distribution improvement for ginger
by drying technology
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SUMMARY

This study was carried out to develop drying technology and processing for

dried ginger.

1. Preprocessing technology of ginger

This study was carried out to develope the treatment of electrolyzed
oxidizing water and cleaning process for sterilization effect. The most effective
treatment of immersion conditions were 5 times of immersion volume and 15
minutes in electrolyzed oxidizing water for ginger. Cleaning with compressed
air was not suitable washing of ginger. But water cleaning was appropriate
method, it had optimum cleaning conditions under 30 rpm at the rotate rate of

screw conveyer, 20 m/s at the rate of compressed air.

2. Development of drying characteristics of ginger

In this study, drying model to predict drying rate of ginger applying
exponential model, approximate diffusion model and Page model was
development.

R? of predicted value of moisture ratio and measured value of moisture
ratio using exponential model, approximate diffusion model and Page model
were 0.989, 0.989, 0.996, respectively. Hot air drying model applying Page
model was found to be the reasonable model to predict drying time of ginger.

Also, Page model in microwave & hot air mix drying model showed the

highest R? value, 0.995 between predicted value of moisture ratio and measured
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value of moisture ratio. Therefore, Page model was found to be the most
reasonable model predicting drying time of ginger by microwave & hot air mix

drying.

3. Quality evaluation and restoration according to drying methods

To evaluation quality ginger using hot air drying and microwave & hot air
mix drying, moisture content, specific volume, rehydration ratio, degree of
browning, color, coliform count, total viable cell count and wvolatile compounds
were analyzed.

Moisture contents of dried ginger was decreased less than 109, while
specific volume was increased in both drying method. Rehydration ratio which
showed restoration of dried products was better in processed microwave & hot
air mix drying than in processed hot air drying and showed the highest
rehydration ratio in 4 hours drying. The color and degree of browning
increased with length of drying time and microwave & hot air mix drying was
showed the best result for minimizing quality changes in color during drying
process. Also, among these drying methods, the microwave & hot air mix
drying was effective to sterilization effect for total wviable cell and coliform
count. Volatile compounds of ginger during drying were decreased as drying
temperature increased and more stable in microwave & hot air drying than in

hot air drying.

4. Effect of film thickness and materials on dried ginger during storage

The effects of film thickness and materials on the ginger qualities were
investigated during storage at 18C for 10 weeks. LDPE film of 0.03, 0.06

thickness and PP film of 0.03, 0.05 thickness were applied in storage of dried
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ginger. Physico—chemical properties such as weight loss rate, moisture content,
lotting rate, degree of browning, color and microbial changes of dried ginger
during storage at 18C were evaluated. These results showed that 0.05mn
polypropylene film was more effective packaging material for dried ginger

during storage,

5. Development of production processing of (iriéd ginger

This study was carried out to develop processing of dried ginger which
sustain quality during storage and distribution. Process of dried ginger go
through peeling, washing, immersing electrolyzed oxidizing water, cutting and
drving. And ginger were dried by hot air drying and microwave & hot air mix
drying. Physico-chemical properties were evaluated in each step of processing.

Moisture contents of ginger increased 0.95% after immersed in electrolyzed
oxidizing water, while it decreased about 8% after drying. Also, Ginger treated
with electrolyzed oxidizing water decreased degree of browning but didn't
affect color. Ginger dried by microwave & hot air mix drying method showed
better color and degree of brpwning than those by hot air drying method. In
ginger immersed with electrolyzed oxidizing water, total wviable cell and
coliform counts decreased 2 log cycle and 1 log cycle, respectively. Also total
viable cell counts decreased 4 log cycle, coliform was not detected after drying
processing. Microwave & hot air mix drying improved restoration of dried
ginger, such as specific volume and rehydration rate compared to hot air

drying,
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A EIH7 Dol RLZ e SuloAME 108 o 172 ZAEH 1,
1580 A oF 1/34, 208914 ¢ 1/332 F33] Ao qBFEI vz
2 208 A #2280 4L FoAE FFES YR 30 e 1/159 #aH
o] A AFEFAI Bol LA A wiFrt AESEFE 308 ol IR A
ZAago]l F435 dojAle Rz Jelwt. o|dd %2 Az E o 20w
Asdeaadq 20833 ZASNRAES W dFFELel 1/28, FE571 1/432 4238
o 7H BV 22 A2 Yoy, HujdA diFddEe] ZH$ 158 1/25,
10ul ol A FReE 2080 1/352 gadezq I w8 e o o =7



o] B} ¢ &3 wetoz AGEHAULH

A vl 59 10MFeA EA7E 2QE 1583 208NN oA APt 2
A%E B 2-29) Yt 9A qFAFFES 1085 15860 1/152 7F48H
o, 2089E 1/262 ZAdAo suloME 158 o 1/222 Z 43t 10w)
FlMET o £& &S Uedon, 208dE o 1/202 #Histd AFanst
okt WX e AAE el FFFE 1085 158, 208 2z 1/21, 1/202
Fadte & AolE HojA ggton HuiFoalMx 15 2084 ZHZ 1/20, 1/192
Zaste] FAAIZ 1587 20830 & ol & Rolx st}

B 2-2. Aozt Hg8F L AYAd BE AR A¥ay

Immersion

volume Coliform count(CFU/g) Total count(CFU/g)

g?nrgg:if)n _ 10 times - 5 times 10 times 5 times
0 1.97%10* 6.10x10°
15 130x10°  910x10° 296x10°  2.98x10°
20 775%10°  100x10°  3.12Xx10°  3.21x10°

919 Askel A FA WS 1059 505 Atole] E Aolzt YR oEZ TA| 5
& 71Fo2 AN Ve Gsd AF AHE E 2-30 YD DA
/102 #2892, 1584 1282 23 gasttizt 20

AE 1/14 A= F2@ Aoz veht 94 08E AZEHI BoiE Ao
2 Uebdth 74 94 1089 o 1/102 F2393, 1562eE 1/202 348
g Bgon 0FeE /202 Zasel 5RMRT AFETAS} oljxe A
o2 yehweh webd, AAME He HE dPAe] AUW 2 5H} 2

) A
0_2«1_,
&
=1
flo
)
At
2
L



dgol FedAE Aoz Usoen, o4d 2e Az B o 4FL 5

el Aol 1582 AASE Aol ¥ meAA AN zaAL

Immersion Coliform count(CFU/g) Total count(CFU/g)
time(min)

0 42x10° 4.1x10°

10 4.3% 10 4.2x10°

15 1.5% 107 1.4x10°

20 3.1 x10° 2.0x10°

*Immersion volume '@ 5 times.
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A 2d AH Je

 AEFINE ol&H A

™ 2-12 FAF Bl A 42 AHLAdN AHEE AAGX ol A
FAe AF AN FAd7S WiETe AFEE FASEAJAY AT AEe AL
Wiel 23F ZHoE T olFHs 237 Mo WRd 4F3I71E BAMS
=g AXTY FriEel 2Ads Folu ol2@L AAI}EF HAHUAG
YFT71FE FEAUARS wEZol ojste] AP o, AHAL =4S 93t
o 247 ¥ FHEEE AT 5 A=E AeArt

AE2F7IE o) AJUPL ¢EF7] BASES 10, 20m/sY o A H A2
o] W& =7 20, 30, 40, S0rpmel X A H S Fayst o)
E 2-4t 4FE71E ol8F A¥AYe A%E Jed Aoz, A¥aTHe A
A T ARl dIRARZEY ol AARE VIELE #ATHIIE HAEA

ooy, AP AFe] FHE olFFS, F5, BF, EFo2 EAA

i
BN
)
F\F
l>
:1m

i)

F 2-4. J4FF7E 8T A¥LY 2F

Conditions Sensory evaluation
Air Xﬁf)dty ro%;‘cl(iggms;:gged gg?é good ordinary poor
10 20 O
30 O
40 O
50 O
20 20 O
30 O
40 O
50 O
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(@) AH37]

2Xz

(b) AH7] W

a9 2-1. $EFNE o] ET AHEA
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F227E ol8d AR AALY AL F5F7) £27 10m/se] A
Sole B AHAZRS 2B 2aF Tuole] HHUEE 20pmeld AFE
Hr7t L& Aoz Yegen ¢4EF7] £ 20m/se] ASols 23F Zuo
o Hd&E 30mpmY W ANEA} 2 RoZT uehdth aHY FEE/NE
olgd A7 AHel A AFEAY & T ool B AAPA W=
Aoz vehy Aze AAPEAN GHE/E 08T AFPHLe FAX 2
Aoz BusAL

Ny

2. 4 AH wgel og A%

4o #AHe 1] 2L A vy EHY Folut ol2de AAR
W Brlsh el golgle ol2AL AATI ste] ngte] F7)
FRoz AYHAY. 29 2-2& F4H Byl gy A

YR 2M, AEE oHFHAN el TS BASRG AHsE BA: AF5E
¥ w

297 AHFAZ oA,

TAH WHES 08T AXLFL 1242 AFFe BAIFS dASA x4
g = AFHARE 2-H3e 23F ¥ £2& 20, 30, 40, 50rpmE = H 3
3, 29419 F7] BAMSEE 10, 20m/sE Z2E39AY. B 2-5v A 294
Held RAog, AFAaddes AFARY T Aol dFFAH =S olEF AAZ
712 #HIIE AN, AXE A FEHE o FFS, TS, B

T, Edez E43t

(Il

tlo
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(a) A8EA

(b) F=37BAI =S (© AAF A R AAHE

a9 5. FAH Iy APEA
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H 2-5 A B o AILF A

Conditions Sensory evaluation

ro%ascgrgms;:ged Air (‘;g}g():ity ;g?é good ordinary poor

20 10 O

30 O

40 O

50 O

20 20 O

30 O

40 O

50 @)

FAH dhe ¥ ARATN MHF) AR ARFSA 2WF £ A
HAAZE ZAsE 23F ¥ £=8 20, 30, 40, S0rpmZE W3 3AE =
aF Zdole JA&EE HL4E AJEARE FL& He2 Yeud 2357
#lo}7b 20rpme] Aol 23 F JASE7 UF =8 Aol dF dA&HEs @
ol et FEHA AFRFANME HojAE Aoz degoen, 2af 24
o]7} 30rpme] A% AHEA HF FL RAo2 YEyT alm FAH %
47 EHe] B9 AFERA doldE oA AAN AW FHF7) BA}
AME 4FF71e SE7F 20m/se] B4t A¥EAT FL2 AR YERH.

E 2-62 FAF HEE ol AATAHFTY AAY &, F4745F L 943
#EFE ZAY FHE Jehd Rolth A7 el F2e FeolE 868%2 A
3 A FEo] FAF Fode 949%E FrrslRey, AEFF7) BA FoE 93.8%

[>

r



g YU 47 89 $ES A A 832%, FAH T 866%, LT
BEAl FdE 8.8%= JEeElgd. FAFSE < 1
10'CFG/g, 418 Fd= 500X10°CFG/go 2 Uelgon gAFI4E= A=A

A¥E 2859

Aol

ol = 500X 10°CFG/g, 54138 Folx 1.00x10°CFG/g2o 2 eyttt

E 2-6. FAH FAHAA AR 8 =75

R A W3}

A TG0 FHEF  WBEFITH
9 N (CFU/g) (CFU/g)

A A 86.77 83.23 1.80x 107 5.00% 10*
AH 94.93 86.59 5.00% 10° 1.00x10°
JE=Ty] BA I 93.64 85.80 5.60 10° 3.10x10°




Al 3A 2ER 7IEE R AFA

A7 29d, 93 AFA Yokl 5 "4 A4S v E nZdio o2y
7HA O FE dFAE2E FH3 Ao A2 FE FFAR Bo] o] fu =
ol AFAF U3 2 HXNFEF 371 S22 717dA WAL 7~8% =
7vEAlel Aok AL GolE7|9 A7 e wel 247, FA7, dAges R
=d dAZE 77 n AFgo] oA F2 A 9 ulg A7 Q9=
o] 4xx Uk A HE2AZ U E(ET, FHH), AR, FgALtL, AXA=
U8, A (AFR)TY £E2 2o e AL doz ARF, AR A%
=5, AAARA T 713 F F871 5ol Aoz Awgdrg E3] Hx 2 3
AxFA AL AFFAM 7 F71E AGolAt

A7re]l £x¥ FAAYE BY g o] ¥dLoz AL5HI o gEE
= 28 YABoER AFH AvEHI Qo 12 149G 28| FE F713AH6 )
on 95 228 go 2 Hme AuHFL Ro|T YT, AT 1087 AU L | g
A2 Yo, EIFxe} vlolazolHE o]83 AL Az
2o w3EAdE&S BHE ¢ 60~300%7tA de=d ol MRS 3 cmE AMA
% 7% 3R go] 250~300, 5 cm= AAY A $342Pgo) 200~250, A
Y A= 60~80%7FA v}t

A7Fel frE82 BAEIIAA giREe] EFE AR FHANESA dujst, A
AR AP T dF FRAdNE 3 BEgs §3 Fusie Aoz Yy
Elsicl. Ax] XA AY vHE&L AFEHLZE 15~25%F FAHD, AR AL
A&7 FE AFo] 300~400% HEolx, AEXHe] 508 ALZ FAHAG
MAikel AE MET AALEA] E£3HE0] 64 FEoln FAQLE 46 Fxo|th

AEA G HdF F Aol 80%, FAMAIA ] 20% AR FA S 3, 7HEA]
del 45 AE A=A 57 ey, I & vlE, S 53 EF FHFE
I oo AT AFIT AvdS glon ofAlAd3], Wy, 9 Fo] AujdA



o] FEFAZA 400ge 12 S92 2XZE JPX A BujstAY 2v|REQ 3
F EFC de @83 oez A F F5EAZE 5 - £ - vy
2 — 2R 49Aleln] HFIE AETY AHHIE B2 @3 85 o9
3t2] ol FEBEIT Bt T vld d&d FHE el ddg.

AR M= A, F, & 3/ T2 20kg ©F FTo|EXUWE ALLEH, T AR
A= FE aNZE AL ol = FAL, Ziuldl B ol &rxE v} &
ofd A& o3t FujA] EF 20kg 1EWF oF 3kgRE AELAY FHF B
kg, S F 2kgF =71 YAdt S}

FEv 2 #Aoirty 4L g 2o

- 7153 8 (56.0%), #5vHA (44.0%)
uAWE - AP 19.2%

(ZE 107%, 45338 3.9%, 51 28%, A dz2dH] S 1.8%)
Y 9 ol& 24.8%
- @AE iR ‘i‘-’ﬂ‘i‘l%‘ @A 88%, =l A 4.5%, 2T A 30.7%
- 73 714 210049, 3N B9isbE 2,230
(A 2 X3 A9 4049, TFAEY 49, 4R 49, 244 289,
stgu] 49, M H o] & 509)
- ¥HE4 FuiztA 24309
(&2 49, &54] 254, 390 59, R FTRE 1469,
3y 2 ol& 209)
- =uld Bul7tE 26009

(&4ky] 54, HHY] D o] & 1659)
- &vjd @eirbE 37509
(F=] 89, £4v] 509, A= 3999, HHY 2 olf 693Y)
BERE TFEEAN UM nIFEFL ZV9 Bl dAs SHA(HRA)o)

Hom dstm YA mol: R, W(Bohol 6~TMZ HIL FEFoA AT



AFor S destn A HFgdol ZE A, do]l F1 Weon ZHAo 2
HWAAS afe] et 7|7t Fspa S5 A, 71T TF AREFL 80g
o], MFFL 150goldeltt.
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A 3 & dZo dgza=rls Y

Al 12 A 43z 5A
LoAE 2wy

7h AdA s

Age) ALET ARE FW AZY FHBAA Fd AN A @
(Bobel 6~7712 e AAFLE ARF FRABAFAN W TS A8
sk AxAPol A ABANEE AH, 49 F BAo]l Bolg: we] BB
WYY F 5~6mm AWste] AxAY ALgg T

gyl AH8E ¥ AxPAE FeYEy), AR, $F4 2 uE, 224
a5z 2 Mgz TAHl FLFE R A7) 80X90X90emo] =
+ARALE ARLEE 0~150C 9 AdF% 30~95%°ltt, 3 WL 05HPY DCE

-
of
L)
i:3
b
£
ofy
o
off

2 < 096m/min°ltt. AxA R $IF7e F23yHa9
AZ¥L 5cm FA9 FIAAF A AR FAEEH Yot AFo] AxFHE

ZHel A7)+ 50X50x50cmolil WHo] 20xX20x20cm =7]¢9] ALZE Ed o)
7l 2=4Add A4 ANEFAE FAHIEE HoAo ARFA EHA] $
FFEE E°17] 93t AaFF B AAFA A ANEFA FA 52 M $£F7
AES A5 AR FAE ZAHEE 2290 Hojgloy, Aojzz Y
Labview 50 9= %8 AdZ 2 dojg A8t At o9 3-1& A
2o EFAx Ago 2188 Aax FAE Ued Aol



200012 07

o AddH

AR AZEEE 9257 9% AXEY Qg ASEHE RE4oEE
exponential model, approximate diffusion model, Page model 5°] °]- &5 $l
. B dFA:s A7 AzEdg AR st FaAEe AxAAL A5
=49 ®o] o]£EE exponential model, approximate diffusion model, Page

model o] 43t A% Ax BdAE AEsAch



M-M,
M

MR = M,

exponential model : MR = exp(—A-t)
approximate diffusion model : MR = B-exp(—A-t)

Page model : MR = exp(—A- t8)

where,
MR : Moisture ratio
M : Moisture content(95, db)
Mo, : Initial moisture content(%, db)
Me. : Equilibrium moisture content(%s, db)
t : Drying time(hour)

A, B ! Parameters

AZAFL E5AZ2FA A ARZANA Algg&7)d HAAA G2
#3002 Yol %FAx AYL FUAY. A= F AR FA: AZFA
ARFH L AAFRAA 108 A2 EFPed, NEFEA S 52 A
3719 A& WAL Aue FAE SHRAG. AFFTEL 7 dxxAd0
A 90 ¢ TRV UL W FEFFeR AT ALY AusE=st
30%Y W JxF79 X7 50, 60, 70CAA A= HNew, oo F£HL2 2 m/s
o] At

AxRdA e dAxAge] APYAE HAP exponential model, approximate
diffusion model, Page modelol] 2§35l vy B ARDE o] &3t T o,
vy SARYES TAZ=2a9 SAS 6.19] NLIN PROCE A4t}
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2. 2% 3 13

7t B @Fdx &4

39 3-2& AE2X= 50,60, 70CY o A7 AxJFHL Ugd Aoz,
<=H] (moisture ratio)= WRAIF] st A Fg+d BAd FAG Fgoz 7t
Et s A=

gile ELE 50, 60, 70914 A=RAIN 1AL o= 050, 0.38, 0390
UESt e n, AZAZE 643 A= 0.014, 0.009, 0.006C2 ARAo] =713t u}
g ZA A EY. 23 Ax 2V AFLE7 442 5l oy AA5Y
on AxA 6213 o)F ol & Xol& YEhAR Lot

3¥ 3-32 XXX A3 ©g d=E&S(drying rate)E& UYENE Holoh A
el A:EEE AzxEV e A2457 333 F1elds 7180 $9slA
F2EE dAAD] AU dxLxe] W) nud Res e AL
o mE AxEE WY FHE FAS Aoz Yehgon, A2LeEs) B2
T 5 1Az F AxEx 93] Fo] 2 Roez eyt

FAEY AXFAACAA IV ¢ ANBY 2EE $£FFVY FTFLET
A A3y AxE&EE F7HAY FEAZRVANE AR A8 EHoZ R
ojun], A NRA FEHOZ RO FHiax E7F ERCM e FESUEER
G umeoz g9Ho) 23 ol B ¢ oz U Qe AHEM FFAN
ol FETELIEF FAEIY. FEAXRVTS B2 AL TE 59 AZ:A Yl
Uy, g3 48 Fde JdetdA EAY s g9, #3SAz0e o
AZE EW FEo] god AH=z URFEe Su&557 59 FddTd)
mAx Rale] AxEE IRE Pass Z1Zoltt. ZAEAXIY AFxEEE
34215&% WRe FRO|F £To QAFS Won SHo|FL F2 FRTA 2]
3t o] FolX A o,

AZEE 60CY W #5482 dxA3M0) 0, 1, 2,3, 4,5, 6, 7, 8AIt A 2z}

ot
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83.8, 66.9, 309, 21.8, 13.2,10.2, 9.7, 9.8, 9.49(%,wet base)2. 2, TZEA|7t 3A]Zk7}HA]

re

grgol 533 #ALPeH, I olF HURAZYL SAAXNE FdF5ge AL
o] antstA Hadte BAFS ¢ F Aok dFEY FAEC] FEAFRIIT)
AAY 2710 A8, R
1En Joew. AR FALx &

2719 53] B2 AR AegZ wddr.

A QY
N Ho
N
~
o,
g
2
o
3
5
N
T
i
>
2|_1‘
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Moisture ratio

1.0

0.8

06

04

02

0.0

—e— Drying Temperature : 50°C
O Drying Temperature : 60°C
~—w— Drying Temperature : 70°C

Time (hr)

O3 3-2 AxLxd Qe dFAX A




Drying rate (%,w.b./hr)

50

40

30

20

10

X /\
! \ —e— Drying Temperature : 50°C
/ O \ -0 - Drying Temperature : 60°C
R / '_'\ —v— Drying Temperature : 70°C
0 1 2 3 4 5 6 7 8
Time (hr)

a9 3-3. AA AXADC g dx2ed AZRE




U Axzrd

Folzl AEZAAAN ARETE 4537 e e AzxmdH 9 7
Lol "ottt & AFAME exponential model, approximate diffusion model,
Page model A4 A {3l AAe A2EETE d&& F = AZx2IL 7))
wat ot

¥ 3-12 exponential modelS HEL3INL o] AX %o WE 7P IZTAR
Zde] e AFEES vEd ol AzLxd wE AFFES 00035~
0.00922 Yelter, ol EdNoN T o]2X Frulg AEA FuE n)
@t B AFZZ7|oe tih Aot delgoy, dx Fwtrlde vind fAF
2= 7ol YEltl. =3 exponential modeldl A AXA4E FEEHE A T
L Ax257t Sl vt 2848 FUtste AgE 29t

¥ 3-1. Eexponential model”s] 2]3 7o d=EAzxwY

T tur
empfzra e A Sum of squares
(C)
50 0.810586 0.0076
60 1.047248 0.0035
70 1.089755 0.0092

1) exponential model : MR = exp(—A-t)

¥ 3-2% approximate diffusion model S 23l Q7o) FEF ARG ux
HE T 2HE Uegd Ao, o]&X MR ## 43X MR € exponential
model®] A} FASE 3, AFTE 0.0035~0.00912 exponential modelZ} GA}
g 23S et



¥ 3-2. Approximate diffusion model'o] 2]& Aol dZAzTY

=

Temperature
A B Sum of squares
(C)
50 0.819387 1.014130 : 0.0074
60 1.051271 1.005407 0.0035
70 1.096755 1.009911 0.0091

1) approximate diffusion model : MR = B-exp(—A-t)

¥ 3-32 Page model& ©]43te Ax2xo e MFe] dFEAxRI 9
2ol A#E vebd Aotk Page modelE o) 4% AzEUNM ARLEE AF
< 0.0003~0.00232.2 VeI ow, o] exponential model, approximate
diffusion modelS # &% EdRAHA A Jeld AFH Bl @& gro]Aoh

¥ 3-3. Page modelVo] 23 7ol dEAzR

T t
emperature A B Sum of squares
(C)
50 0.696014 1.362745 0.0023
60 0.969139 1.304389 0.0015
70 0.932384 1.762602 0.0003

1) Page model : MR = exp(—A- %)

St A exponential model, approximate diffusion model, Page model 3 4]-&

Ngstel 47 ARSEES 5T ¢ Y= IFVZEY IHAL LA
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ol VEEU W3ty HIAAH HF 2 479 HAP d3dxzd $AHE A
S dlstyq 43X MR #3 zF dx2dgA Ao 3 oFx MR g2 Hm,
439t

¥ 3-4, 3-5, 3-62 exponential model, approximate diffusion model, Page
model°l] 21§ Ao dFARI o|83F dFx MR #F 24¥8x" MR #e
vz g A3E Jetd Aol

4 @3 A exponential model, approximate diffusion model, Page model<i
o3t e EFUEED °]2F AdFX MR #&# A¥X MR #e AAAs
£ 77} 09892, 09891, 0996322, /dd RIUSL AR AXANE dFs=
@FIxRIA2AM HIFF FAoF #wddL ol Y FoAME Page modeld] ¢
T A QTAxED WA Ho] o]&A ¢FA MR #¥ 4¥X MR @t 24
AF7b 71 8 RS2 Yey AR AxARES d53sted 7 AR 24
2 AddEAdY.



Predicted value of moisture ratio

1.5

10}
05} Z
-
[ ]
00F Y = 0.98 X + 0.004
R2 = 0.989
_0-5 '] 't 2
-0.5 0.0 0.5 1.0 1.5
Measured value of moisture ratio
29 3-4. Exponential modeld] 23+ 7o AFAxTA HE
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1.5
.0
©
o 1.0 F
=
R’
(@]
E
V-
(o] L
(0] 0.5 (1]
=2 -
(4]
> ®
3
_*(_3 00 F : Y =0.99 X +0.003
© 2_
o R® =0.989
a
_0.5 'l 4 4
-0.5 0.0 05 1.0 1.5

Measured value of moisture ratio

Y 3-5. Approximate diffusion modelo] 213 A7l AdFAxrd A



Predicted value of moisture ratio

Y =1.01 X-0.009

R? = 0.996

1.0

Measured value of moisture ratio

. Page model°ll 9% Mo dFAZxEY HAF




A 2A AR vlolmars EFHAR EA
1A= 2w

b 2¥A=R

A A8 AlEe dFIE AT 48 T AARNGAA Aiw ¢
(Bohel 6~7702 AL AAFTo2 7t8T FTUEEAFAA A F+YA AL
st Az BAAEE AF, ¥y F A Eods P9 RES
Agdd F 5~6mm=E A"t dxdPd ALt

U, 2d93A

vtolZ2 sy THAZE o8 AZY AxEH S F437] 93td vlola=z
I EFAZE AYAAE ARSI 1Y 3-7& A violaEsn EgAx 4
HZAANZA A9 ZHele F¥o] 15m, 7FE7F 80cm, AlZ7F 60cmol® 2 A A<
7Hg Ax2d &F2 9F I0Lolnr. £ AX 9 AxH{ oM E Microwave(0~
750MHz), €3F3AxAA, FH2HFA Fol oy E4F ¢ vlelmazgr dx
L ZFH ALge g8 AZAF F U AeRE AR T AFXHe 2%
2 vlolaR FE Ao JHeI}EE .

ntola 2wt 71HE AA[MAE ol &3l bAIYE T vlolazs ZEE
AlojetAil, L 77 E FYEY AxF7E AHEsted F71He 7%
of 713 eH(1.5kW)7F dx1Ho] FUE AFT7IE 71 94F o= s Az
Yz I8 F UESF dAHAJTG B A52EYH FUHd 8L Ax7149
A8 viZI9EE 3 FYd €% 98 wEEd

nlejaEn EHAZX HAIYAXY 252- AU Ib =AY 2 EFFAAN
29 AzzA7 54& 1339 MicrowaveZd3 IF 3lelrt Sgyow
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FHEZ2 PAH vk bRAL 7184 Microwaves ©|-83ta] AFE 8GA=
AAstgen dFLE 24L& PTI0RL AXNE AHgstn 3L <39
o] & 10%AZ AMojste AXE AAFAT AR F2 ANE A2}
ole & L AFE Indicatorol HuUl A DX2& o] &3t Alojstx &d
e Az YR FAR AME AXdY ¢ ¥4 DX3E o83t ¢
AofsteE FAAH U

vlolazy EAE APFXY TF FA A2"EL A A2 d4n 4
2435 2EHA AolXrst A3 Elettronicart AFES o] &fxr 1 ANZE
indicator® EAISt S AxEe FHFESGE YehES HojJdoh A A=ddY

Zo AsoR AFHAAN A AN8FHFS FAY £ YEF AFHUSL

g L
T."
2

tlo

rfo
1
it

ol

a9 3-7. vlejaws E}AE H4E7FA



o Adday

slelAss ERAEE vola2 e 2902 o AR YiREe A

A

ZZEE FAH AxE7NE £8AA ANEE AXAFE Bolth. Au|Ad
A violazn EFAze FoH A EFAx9G FAE FHE YE
W Aok way & A7 e vtela2s TEAdze AzxEd LS fudts] o
st @FAEED o] AE3 AW exponential model, approximate diffusion

model, Page model& °|&3te] 47¢ molazs Egdz ZdAg APsg

i
IN
kA
ot
flo
o
=)
o]

1225 AxPANM A2grl0 AN FES AN2E @3

oy
H
i
BN
L
ol
il
o
Bl
9
)
S
S
Ny
N
S
[\
inN
)
lo
i
PN
ox
=1}
£
Y
N
it
rlo
i
N
N
o0
o
o))
k=
-3
S
3

ZdAe dzxd¥e HAPXE MHAHE exponential model, approximate
diffusion model, Page modeld] & &3l v Ay IAARLE o]l &l Falgoni,
BlAdE FARAdLE SAZTZ2YQA SAS 6.12] NLIN PROCE A&l ).



2. 243 42 1@

7t A% welazs ERAZ 54

29 3-8, 3-9, 3-10& dx2xd wE A9 vwleolazs EFAR EXS
YEtd Aoz, 247 wviojazgs FEE YeEHE Ib kel 200, 200, 2409 o A
ZAIZtel] i Fnlel WSt E HodF 3 Qo ARAZEe] FUHge] wal dem)
< As¥ryd F¥o2 Frde AL &+ UG

2 )

Ib o)l 2008 o FFuleE ARLE 50, 60, 70014 AZAIZF 1A A=
0.512, 0.415, 04082 el o™, BEAIZF 5A1Zk] A& 0021, 0017, 0011Z A=
Alzko] F7tgel wel ZAl FAIAY b gel 2209 W FHlE ARLE 50,
60, 70014 BEAIZF 1AM E 0505, 0.427, 0.3572 YUEon, BZEAZE 54
ol A= 0017, 0011, 0.0092 F&sHh b ghol 2408 o FFHlE AxLE
50, 60, 70°1 4] ARA1ZF 1A= 0466, 0425, 0.2272 JVElGon A=A 5
A= 0018, 0.009, 0.0092 YErwtt. AZ2L=7t dgH] sl v 9
S Hd 7
et o,

a9 3-

EURX 7|dE BZEEI ESFE F5ule gaZzol E Row
AZE FHkyldle Ax2xd M g5H] H3le] 2lo)rl n|n|dlct.
11, 3-12, 3-132 wloja= s Frxd WE A7 violmzsn EdAR
54 e Aoz Z4Z AxLE7F 50, 60, 70CY w vlolazs Zxd o
ghnl o] HBLE HogF 9

2% 50CY W F5ulE Ibzk 200, 220, 240914 BEAIZE 1A1ZHelA =
0512, 0505, 046622 UEon, HAZAZE 5AAE 0021, 0.017, 0.0182.2
A4 A22E 60CTY o g8l Ibgk 200, 220, 240014 BZA|ZF 1X|3¢H
A& 0415, 0427, 04252 UEton] AX A 54 AE 0017, 0.011, 0.009
2 ZasAt AZLE 70CY @ F4uE Dbak 200, 220, 240904 AZRAIZH 1
AZF A E 0408, 0.357, 02272 vEhton, HAEAIZE 5AZME 0011, 0.009,
0.0092 Hd=A|Zte] F7Hgtel wel =A ZAsEc 919 A3dAM vlola=z st



FxErt #=n] ¥ uA e G dREX 70Ce AXRAIZE 2413 olUldA
% vlola = Fx=7) FH] AolE UEHE ¥ FE2E 50, 60T vio)
A2% Zxo & g zole viH|F Ao Jeyd. ol¢ e Hae vl
clazZy EFAXxE viola2dE dULE AHEE WX Wi AxFrE
8oz violamet AFAx EFAx=WA A 7% Rez #ud
o}.



1.0

08} \ —e— Drying temperature : 50°C
\\ o Drying temperature : 602C
) —»— Drying temperature : 70°C
L2 o6fF \
c
o
=
® 04
o
=
02F
0.0}
0 1 2 3 4 5 6 7 8

Time (hr)

Y 3-8. a2 A7 vlolmz2s EFAZX EA (microwave Ib : 200)
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1.0
08 F v —e— Drying temperature : 50°C
\ -~ 0 - Drying temperature : 60°C
\ —v— Drying temperature : 70°C
L2 o6}
o
o
o |
® 04
o]
=
02
0.0 9
0 1 2 3 4 5 6 7 8

Time (hr)

Y 3-9. AxexY A7 violazs EFBE EA (microwave Ib : 220)



1.0
08T\ —e— Drying temperature : 50°C
| o~ Drying temperature : 60°C

S osl \ —vw— Drying temperature : 70°C
s ‘
o4
p
@ 04}
(=}
=

0.2F

0 1 2 3 4 5 6 7 8

Time (hr)

39 3-10. d=x2xd AFe vlolazs EFAX 54 (microwave Ib : 240)
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1.0

Moisture ratio

0.8 | —e— Microwave Ib : 200
\ .0 Microwave Ib : 220
\ —vw— Microwave Ib : 240
06 F
04 F
02F
0_0 o '—c é
0 1 2 3 4 5 6 7 8

Time (hr)

a9 311 vtelazst FEo) e 47 velazs TPAE 54

(Drying temperature : 50C)



Moisture ratio

1.0
08 —e— Microwave Ib : 200
-0 Microwave |Ib : 220
—v»— Microwave |Ib : 240
0.6 |
04}
0.2
00 F
0 1 2 3 4 5 6 7 8

Time (hr)

29 3-12. vlola 2 BEo] gE 479 vlo|azs FRAZ =4

(Drying temperature : 60°C)
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1.0

0.8 F

\ —e&— Microwave |b : 200
\ - 0 -- Microwave |b : 220
\) —w— Microwave |b : 240

2 o6} \
©
S
B 04F
(=]
=
02}
00 F —9
0 1 2 3 4 5 6 7

Time (hr)

Y 3-13. vlolazEn A Ee s Ao vlolazy EJAZ EA

(Drying temperature : 70C)
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o Aaxrd

ule|m 2 v EFURY A2EEE F87] AY Ax2DE NLstr] As
&} exponential model, approximate diffusion model, Page model 3328 = &3}
o e AxPAYE T

B 3-4% exponential modelS AHE3AUES W AFX2E9 wlolmaR T} F R
g A7 vlolzzd THHAREAY i AFFES JHEA Aol dAx2
% 50ColAE ABFTL 0.0005~0.001322 Uehton, AZLE 60, 70CHAA Al
gde 7kzh 0.0005~0.0006, 0.0002~0.00652 UEFtD. AZED W6 o g
gru o AF 29 vaoA ZAEJZRZIFANAM thih ZolE eI en, AZF
PRAME o]EX g AEXTE Aol mHE A2 YUEIRY.

¥ 3-4. Exponential model’el] 2]3 A7}e] wlolzzn EFAZRED

Temperature

() Ib A Sum of squares
50 200 0.667583 0.0013
220 0.738478 0.0012
240 0.746116 0.0005
60 200 0.865033 0.0005
220 0.856522 0.0006
240 0.879265 0.0006
70 200 0.917141 0.0002
220 0.959940 0.0002
240 1.321763 0.0065

1) exponential model : MR = exp(—A-t)



¥ 3-5% approximate diffusion model® Z &3l 7ol violmazxm EFA
2249 FAHNE 7 ZFAE JeEd ot olEA vl A=) F5ule
Z}ol & exponential model®] ZIA9} FAEIE T, AFFE AXLT 50CTHAME
0.0005~0.0013, ZAZx&%x 60T AT 0.0005~0.0006, A=L= 70CAA = 0.000
2~0.00652.2 exponential model®] 239} FAMEA JEFRT)

¥ 3-5. Approximate diffusion model’d] 28 ulolags EgAzRY

Temperature

. Ib A B Sum of squares

()

50 200 0.669016 1.002526 0.0013
220 0.742958 1.007417 0.0012
240 0.744765 0.997877 0.0005

60 200 0.863634 0.998039 0.0005
220 0.857434 1.001336 0.0006
240 0.881250 1.002893 0.0006

70 200 0.918335 1.001664 0.0002
220 0.955931 0.994852 0.0016
240 1.315930 0.994240 0.0065

1) approximate diffusion model : MR = B-exp(—A-t¢)

X 3-6€ Page modeld o) 83l AXLE9) vlojazy ZTeo wE AR
vlola 25 EFAZEY WA AAXE JeEd Ro|th Page modelg o] &%
Az A=Y AFFLE AXLE 50TAAHE 0.0002~0.0011, A=
60°Col A& 0.0002~0.0005, AZLE 70CAAE 0.0001~0.00092 Jelon, o



£+ exponential model, approximate diffusion modelg A& 3 T AHIA A U
B AT B ¥ o).

¥ 3-6. Page modelVdl] 2% vlojazs EgAZREY

Temperature

) Ib A B Sum of squares
50 200 0.645005 1.049837 0.0011
220 0.691355 1.116286 0.0002
240 0.757067 0.975576 0.0004
60 200 0.884649 0.951817 0.0004
220 0.841278 1.037985 0.0005
240 0.850220 1.075645 0.0002
70 200 0.902019 1.041101 0.0001
220 1.010558 0.877215 0.0007
240 1.446145 0.632667 0.0009

1) Page model : MR = exp(—A- &)

ol A exponential model, approximate diffusion model, Page model % & 4] &
2 g3td AP AREZEEE 45T 5 Ue violazy EFAERELD LA S
NE3AT. ol AR diste] HIAA HF R A HA vlolazst &
ddzxEd HAPHE HHE Asto 2FA FFH 4 A2
52 FgulE v, EHIIAG.

Y 3-14, 3-15, 3-162 exponential model, approximate diffusion model,
Page modeldl] i3t 7ol viola=xn THAZEAL] o4 =X FS5H| 9



2¥3A g8 E vng ZHE YELE Aol

4 d o)A exponential model, approximate diffusion model, Page model®i
% 7o violaxst EPAXRIY o]EF G T g APA FS
vl gke] AAAS= 24z 0989, 0.992, 09952, /led L5 A7 ARA}
S dSde Rd2A HFF Aoz AddY. o] 2d FoAMX Page model
o 2|3 A7e] wlolmazy TRz Ao o]EF dF A9 FFu|} A
A gule AFELAAN Z2AAST 71 & Aoz ey wlolazs EF
WEA A DZRALE AdF53ted 7B AT 2d=2 dd=HAD



1.5

0

©

=~ 10} )

9 v

2

K7

(o]

£

Q 0.5} Y

S .

> g% ¢

B )

B ®

5 00F

® Y=1.01X-434

a R? = 0.989
_0.5 1 Il ']

-0.5 0.0 0.5 1.0 15
' Measured value of moisture ratio

¥ 3-14. Exponential modelol] ¢}3F A 7ol nlolmazsw EFJAxTI H=
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1.5

Ko

©

L 10F .

=

k7

[e]

E

[

o 05} °

3 oe *

g .o. ()

h o]

(3]

S 00} O

S Y=1.01X-156

a R? = 0.992
-0-5 ] 'l 4

0.5 0.0 0.5 1.0

13 3-15. Approximate diffusion modelcll 213 W7o wlo)lm = &3

Measured value of moisture ratio

Azxrd HF

1.5



Predicted value of moisture ratio

15

05F

Y=1.01X-3.18
R?=0.995

i ' 'l

-0.5 0.0 0.5 1.0 15
Measured value of moisture ratio

¢ 3-16. Page modeld] ¢}% A7te] mlolmgs EFdAREA H=
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A3A AzPEE FAW L B4

1 As R 3y

7Zh s R WY

AL Fd AAALAN T8 A& 7tEF FFAAE AFCAM - 7Y
3t AlA - 2t F 5~6m FAZ AAstd, A28 Ag82 AMEsgoh
A7el zyess A¥FAZS violazs Az YL HEslgdon,
AR 202X dFAEE AX2EE 60C=E 3z AuH=7 30%7F =AA &
G, violmR s EFARE AXLE 60T, viola2sw Z%Q Ibate 240, A=z
A HFY FHE 119 m/isec”t HEE dAHSA FASAY. AL AP
150ge]l Al2E PE7I B2 ANEZA N HAX R 3 o2 ZolM Ax
AUl ¥z Foix AzxAAM A& AAEAn. o AxANLE FZ 2 4,
Ko, dEFA A AL X3 F 9719 ¥ Fol A3 A
7HE AAskAT

U Ax A8e F2H7HEY

Az, A 47%e F290te %, 23R4S, B de, g9

= A A7 R FEF 5 EMsA

D Ll
2o 105C AY7tE AXYPoZ AR 5g4 33 Wb =3 3 g3 gt
238 Fel=d

off

4
e

I
&
o=z

L
£
32

2) vlH 3 (specific volume)
N AE =3e 50me) vANUYE oLy 7 Az A== Y o

% 3 AH5 mesh, Showa chemical Co. Japan)& #38ld X 9& =Asly 7 X
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ANA skl 2ulg @ AoE NRe R st AR FAZ Yrold 2
R stglth.

3) 315 Y& (rehydration ratio)

TEAEL2 500m] ¥lojAE ALREd 100Ce FH5 1027 @A
AANA 283 drainAZ] F 24P} old £3EA8L AN A Fo
NEFAS A=ANE 271FA9 ¥z FaAod, FE9 F5 F(noisture
gain)Z YA Azt Fo ANFFEANA Ax & FASE ® e gF F52
(g water/g solid)o.2 34lsla] FE A8t ),

4) 2%

d¥EE Hendel 5(1950)¢] Wy o244 Ax F A8 243 F 1358 3
3laL 40meel FHTE 713 g 10% trichloroacetic acid 29 10 mME 3713t
ALl 2/ T BAF F AHAES spectrophotometerE ©}-85] 420nmol)
A F2EE SAH3NAT

5) A%
Mrxes Adxzd AEE 42 20mesh® B3 £ MAAES ol&3slo Lt
(whiteness), agk(redness), bgk(yellowness)2} z+ A2 F o] MA(ARE)E BA 35}
o}

AE=V AL?+ 4a®+ 4b2
HAHAE)RS F Mo ¥l Al o9 FE&3A AMEEEd, M gko] 0~0.59)
A Aart A9 glen, 05~1.5% 24§ o], 15~30& AN = YL Fxe
o), 30~6.0& @M o), 60~120& Z3| AAT o], 120]Fo]W TE 7
Zo Mow ARG

6) 7 R dAT

Azl WE DA Fo] WHE 287 98 Az AZAE 2 g& Ast
o 109 WE AYALSE D F 108 T 0T F2AH AFF 48 7



Z} 1mE H3t dA FAstn ¥lA o] pour platingd ¥ ujgstgt. £S5 E
PCA(Plate Count Agar, Difco Lab.)oll 48417, W& F € Chromocult agar
(Merck Co.)E AFE3te] 18~24A1%F ¥ A4t

7 FrEEL] £ A Hm

AP F718EL HLAY HE9 F& THL=2 dynamic headspace® ol
a}2} purge and trap concentrator(Tekmar LSC 3000, Ohio, U.S.A)S A}&3}d
>RAsIAT. 2+ XA EE 20mesh A72 FAE B T AE2FFo] 01go] =
TF T F AW Fo} 2EE 40T #fA5a ALE 9 60 &2
30&Rt purgingstdA F&33A o). Purgingdl €3t &3 F7IHEL 60~80
mesh® Tenax GC{(polymeroh 2,6-diphenyl-p-phenyloxide)”} A8 &2 &#(12X
1/8 stainless steel)ol F&AAASY. F3 F 8-S AAS7] 93 dry purgeE 3
2 AAsH e €542 F3498 50CE du7hd & & 180CeA 380 7
d3td .

ga3d FUIPAELS A5H SR A flame ionization detector(FID)$} DB-5 &
& (fused silica capillary column, 60m X 0.31mn LD., 0.25mm film thickness, J] & W
Scientific, CA, U.S.A.)°o] #&¥ GC(Hewlett-Packard 5890, CA, US. A9 F4
Hel #83tdd. GCEY 24L& E 3-7¢ Yo, Xg7E A9 7]
AEC diF BdA e 4 JRe da J3H S 4 1000082 dE gt o
&3l Bl R

8) 7|4 E FA

GC°ﬂ ol EIE FrIdES] HAHL gas chromatograph-mass
spectrometer(GC/MS : Hewlett-Packard 5972 system, CA, U.S.A)E o} &8s ¢}
F713E 2 R FUL A= GCLH A FL3A 3IRY A2 =4S AT
interface &<+ 2007TC, ionization voltaget 70eV, resolution< 1000, mass range
£ 30-300m/eZ 3tF o, 2 W] AL FrIHES] Y& % GC =An 2
o GC ¥ GC/MSEHE @92 3= Wiley libraryot ¥l st FA4& A
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® 37 4% HE BAL 9% razaEadne 242

Injection temperature 230C
Detector temperature 250°C
Pressure 0.9 kg/orf
Column DB-5 Column

60 m x0.31 mn LD.
0.25 m film thickness

Carrier gas 1.5 m¢ He/min

Split ratio 1:20

Detector FID

Oven temperature 50°C (hold 3min) — (3C/min) — 2307T
(hold 3min)
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Az @ 22 uAZFHe ¥gE E 3-89 Yeldiglo vlolas
o ERAE R GFAXRE o83 641 BT ARG AL BT F=EFEo)
10% vRte 2 doj2&= AL B F Ao, F7HA AxHAN BEF AN
o] 2718 +2 FREFY a9 B HAHo Zrlste Ro2 yenicoh
Az gAY & o F A2y BF Az Axd wH o) 157404 zHzh 4.30,
4142M o 28MAE & Aoz yeh} Axd o A FFo] FH Y
ARET T & AU WA FEFFH vARNNE F AzPY P 2
Aol7k Yx Ao Vet

F 3-8 A2 mE A7 AxAE FEFF 2 vAH
Drying time Microwave drying Hot air drying
(hours) M.C." SVZ? M.C. SV.
0 91.20 157 91.20 1.57
2 53.80 2.83 54.35 2.85
4 18.79 272 14.73 2.99
6 759 312 9.83 3.13
8 7.96 4.30 6.70 4.14

Y M.C. : moisture contents
28V.: specific volumn

Aers & AzABe AN AWM $jste] oz EgAzY QT
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AxE ol83sta Z+z} 2, 4, 6, 8 T XA AFE 100TAA 1083 A
F3t8td O 548 E 3-99 el

A5 Fo BI4L UehlE Fa2dgoy FFTe Az AN o
TAX BRuE violazsg EFHx WHE o83 AR A JEIY EYA
o] ¢+, olv WX MAFE vlelaRFE AZ AT & T(1996)2)
B3t FAMSIR T AZAIG] mE A7 EY&e Ax W #Agle]l 44
B¢ AR el M 3 RAoew veElwtyn, o)we rehydration ratio#
FFEFL oAz E¥Ax MATAAM 22} 436, 3360190, AFAR A
TolME 335 2352 YERT T2y 2 ol Azte g ARAZE e B
T, ARAZ] 4A0Y BeRT 238 EQ9&L PAasie Rez Yehd Ax
A7t A3 FHIezr 237 HAE&EE F2AE Aoz AZHARG, 9
2 Qs FEHLS Aol 4T A F AFdsel AT E 3 519949 B
38 FAMS AIE Hole RAoE Aladd

¥ 3-0 Azuyye wE Aol ARATE AF3EA

Drying time Microwave drying Hot air drying
(hours) RR." M.G? RR. MG,
0 - - - -
2 2.78 1.78 1.46 0.46
4 4.36 3.36 3.35 2.35
6 3.18 2.18 2.99 1.99
8 3.01 2.01 3.14 2.14

Y RR. : rehydration ratio
? M.G. : moisture gain(g water/g solid)
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= 2 0 R L

A Y7ol A¥E 2 A WsteE ¥ 3-109 2u. Az A|2te] ZolAS=
AR = Frtete Aoz dgyod, rslojmzgs EddzA7 ARdqME Ax
A ARE 00265904 A=ZE 622 olF ZWE 010642 FHI 2AELL 1Y
I FITAEAYE DZ AN EH ZAUE 014798 dA S ZHPAo] Yojyu
Aol vlolz= s ErdE AEgFRG 2WEs 2A Yo

Rz el tEo] ZxAIZto] F7Hge] mEl Mx o WEr Yol Wxet
HAEE BEF F7M8te 4%E BAod, FAEE Frlsitds dxA200] 8413
ol H¥AM e3l8] Fadte AFE Yeludd. AAHA Y2 Jeuls gE9]
T A9 e ZWES tEo AR g wE Frlst: AZS »
Fey, hxT9 713 2 zAolE Hole AHIYTE vlolazyd Az IF
E EF AZARe] 6A1Y Wrt s 2 g2 UehdE Aoz wExow 2
MZIHEE AERS Az $ad] wel vias] 2 A3 vlojazs EEAZ w4
o] E¥AXx WAHET AAge] HE RAoeZ ey,

o}, oA E W3

EF F-3gge Ha A ALFE AW T EFoERy, =&
S F /T QAN U M2 Wag nAE R R ngB o3 o
dol dojutn A¥Hoz H&F ¢ FARAM FEHE 2F5E 10107
CFU/g, A7 ESE 10°-10' CFU/g 5202 284 Ju. 29 $£83 y79
E7] Y 29t FF39, EUL ¥V wgo] BgAsid F8AY g
Fol BHA AHE Yol WA= o FIHY] A BY oy, $2EL
7 Fgolel EAgo] 4 dojdr © Lol EFA 70 AYE o $7 =)
Add 3 Ao M zdd &YRHe ZHo] Aoty EY uAE Yo
2 A% Bz AT L7t vlg Fou vlolaede dES 043 AxF

Fg Faol AR FF EAE B £ UL ez Argd

p

l‘



E 3-10. Ao BE e AXAE A¥E 2 Ax

Drying Degree of browning Hunter Value
Drying type time {absorbance at

| (hr) 420 nm) L a b 4E

Microwave 0 0.027 61.60 0.07 21.15 -
drying 2 0.054 62.81 0.15 22.59 1.89
4 0.065 66.54 0.29 23.85 572
6 0.106 78.33 0.34 2463 17.09
8 0.121 75.92 1.04 2303 1444

Hot air drying 0 0.027 61.60 0.07 20.34 -
2 0.056 58.42 0.18 21.15 3.30
4 0.057 77.65 0.43 2429 1645
6 0.058 78.99 0.85 2462 1771
8 0.148 77.78 1.03 2354 1636

AZEZAZ @& Ao uvlolmazdelrrizxe dFAZEI UAE Fd v X
= 9 dis E 3-11e] Jetdlldh g2 F2A4 =g Ao x7] FFF9
HA3EFE zZhz 325x10° 357x10°e2 Yehen, a5 QoM vle)z
23 EHHZXY FFAZXE T8I Ax 243 AH £ 1 log cycled] ZAaEH
g E 4 Uk 53] vojlazs EFTR A FE FEFAAA AR 88X 9
F dxTRY 3 log cycled]l #A2EA} vEldorn, A3AF AHIYFoMes 2
log cycle 5 Z4€ A& £ 7 AUUY. AT W E AHEUYE vlolaz

¥ EIAZE A FolAE AR 4A 76l 3 log cyclee] ZAaHoH, AR 64]
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3 FREE AEHE Ro2 dEkn 93AE AATAAE AZ AT T3
B @e3A gt wad o dzdy 25 addgq u4g pranst
ggol wazon, AxEde vasd ¥ o volazd ERAZI IFA=
Bk 33 R HAF Fol QoA APEIAS Hold Aoz Yehgo

E 3-11 AW B & A7 dzAE nAYEF

(Unit : CFU / g)
Drying time Microwave drying Hot air drying
(hours) Total viable Coilform Total viable Coilform

0 3.25x10° 357%10° 3.25x 10° 357%10°
2 1.26 % 10° 2.25%10* 875 10° 4.42%10°
4 8.10x10* 8.50x10° 3.8%10° 2.50% 10°
6 6.05% 10° N.D. 1.85%10° 1.00x 10
8 3.65x10° N.D. 3.65x 10" N.D.

ND. : < 10' CFU/g

2 A7dNE AZe ¥4 HAZI AQezAe ZHolsd 4Fe =g
2 A ES Po) Ao wT} A&Hoz olgstnA e AEZ A A
Azwge Hestel dxudel e Hu4 YR ARNEe AR
£ 3-12, ¥ 3-13, ¥ 3-14= AZALH Az9y, dsass ol g 4
del Yr1HES BAE ARE vl Rold
GCE ol43l 479 Y7142 e AW A 6479 F2 HIE Yo,
GC/MSZ ©|F 3059 %82 AR $AW 3059 Fr142L D573

rulm

._78..



g2 AHRA  hydrocarbonF+ o -Pipene, Camphene, B-Myrcene, a
-Phellandrene, o -Terpipene, B -Phellandrene, 3,7- Dimethyl-1,3,6-octatriene,
Terpinolene, Ocimene, 1,4-Pentadiene, Myrcene, o ~Farnesene, o
-Bergamotene, «-Humulene, « -Curcumene, p-Cymene, Zingiberene, a
~-Farnesene, B -Sesquiphellandrene, r -Bisabolene, @ -Bisabolene, « -Calacorene
o] 22F 22 M W Fol #AHO o]FE hydrocarbon#F 7t A7 W] Fa
B 98S T Aoz "YU

alcoholi+ 1-Octen-3-ol, B -Fenchyl alcohol, B -Citronellol, Geraniol,
2,6-Octadien-1-0l 5% 22 %ol aldehyded 2 acidiF 241 Citral, Citronellyl
acetate Z 1Fo] ERiHo], THE AEL EF 30Tt o5 HAEE FoA
grako)] BL AMEELS  zingiberne, A -Phellandrene, e -Cymene, &
-Sesquiphellandrene, Camphene®] <£olx, 32 Z+zh 30.1%, 14.6%, 8.29%,
81%, 714% 22 AA F7]JE 9 684%E XA e RO Bo} ol 33
B 43 S5 B3 B9t Fo JEez BIHUG

A F(199) A AF F Fri|dFEe WHIE A |TolAl zingiberene,
Citronellol, B -Sesquiphellandrene, # -Phellandrene, Camphene, geranial, 7
-Bisabolene, o y -Curcumene, geranyl acetate, o -Pinene $¢] $2 3grjA o)
Atz BausgedH, o 2 A AL FAE AolUh  IH
sesquiterpene hydrocarbon®¢l zingiberene® B -Sesquiphellandrenec] B& %<
T vl Terhune §(1975)< zingibernole] €] RA3td GC ¥4 F zingiberene®
B -Sesquiphellandrene2. 2 WEFEclm B g vl glo] AAREe] zingibernolo)
zingiberene® B -Sesquiphellandrene® & W35 o] ojESo] HEE Aoz yyzy
=

Aajirsty e L Az IE A F FrIPAEY] WHEE JHEW,

a9y 3-179lM 9 o] HaAsts AHEE & AT AAE A 6l 27.7%7t

A& e, vlojlazs EFRAx AgdA AxAZre] FrHEd wE A
8.3%, 24.8%, 32.7%7F A4 ALz eyt £ dFHAXE o] L3 AN

Ol
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T 2AI3E, 4AZE, 6A1F DERA A F I E Fa&ol ZHEt 14.2%, 21.1%,
334% % violmzdl EFARX AR XF L Ao=Z Yy AMEd A
A F3E FrARANA H1%E (AT YYD hydrocarbonF S Ty
312 2 AfAste ATl 27.7%7F 2a2E AL 9 = e, o)A
< hydrocarbon®# & FAAAE 71 Bo] #FH3Hol AJD zingiberened o]
4267%7F Zad R WELE FHPEY I gol melazn FFAZWYPAMNE
AN F7te wet 2z 9.1%, 24.6%, 332%7F AP, 4FAa2uY L o)
|35 A AE ZHZ 14.6%, 22.8%, 376%7F 4% Aoz el o) o4
T FIHAE #F4S FAFEH v ZAZA vlolazs THAZYYL oL
Ax A7 @FAx AYF Bue AR 240 ti FHL Rez Y
123=4=

A7l F8 FI|AHE FoAA Macleod-%—(1984)€— zingiberene2 A7} 3k7)q)
Bzl s A7 viEsted dosle ARl EaE dd. 29 3-18
2 A B FZIHE F MY 23S /HR3 YUY zingiberened]
Fste d B4 ddE JdEd Bolth M AACME F Fr1gRe
206%5 et ANen, 2 F HIETFE FAT AFAMNE 42.7%7F &
A5 vjgte] 433 AHHAUSTE ¢ F AUeH, vojazs EFAZ A
TAME AXAL F7tel wel Zbzr 21.4%, 24.3%, 31.3% 7} ZAdgoen, 4%
AZXE o) &7 YAAME Z47 11.3%, 12.3%, 306%7t 249 Re=Z Yy
mEtA zingiberene?l ¥ HF-E HHHLE W AF vk SHL nESHEC
Tt @3Bl vlolazy €Az WY By $5E RAoE eyt

AR or Ao U HAELS Axwyd A#glel AxLsrt A5
o2t Fasol SRy, daAdss Mg FANHE Ll MR E A
L2 Ugnen AxWHorE volany ERUR HAS ol&3le Ao &
AZE AHERS d B F FrIHEY oy slojl=zslEFEe] 242
d & US Aoz FAdAd,

f

i o



¥ 3-12. A A A AT B T3 - #4U4 A2 FNALE

(unit : peak area / 10,000)

Peak RTY Compound Fresh? EOW?

No. (peak area %) {peak area %)
1 21.46 a -pipene 69.0 (2.9) 59.8 (3.5)
2 22.45 camphene 1719 (72) 1617 (9.4)
3 23.92 I-octen-3-ol 7.4 (0.3 6.9 (0.4)
4 24.45 B -myrcene 357 (1.5) 285 an
5 25.48 a -phellandrene 535 (2.3) 278 (1.6)
6 26.23 a —terpipene 39.8 amn 209 (1.2)
7 27.12 B -phellandrene 3806 (16.0) 3362 (196)
8 2852 = 3.7-dimethyl-1,3,6-octatriene 83 0.3) 55 0.3)
9 30.26 terpinolene 228 1.0 21.2 1.2)
10 30.77 ocimene 125 (0.5) 15.6 0.9)
11 34.94 1.4-pentadiene 17.3 (0.7) 159 0.9)
12 36.15 B ~fenchyl alcohol 11.4 (0.5) 95 0.6)
13 38.62 B —citronellol 24.0 (1.0) 195 1.1
14 39.31 geraniol 136 (0.6) 20.0 (1.2)
15 40.22 myrcene 52.4 (2.2) 454 26)
16 41.15 citral 14.6 (0.6) 11.1 (0.6)
17 44.05 citronellyl acetate 10.1 (04) 57 (0.3)
18 45.70 2,6-octadien-1-ol 84.6 (3.6) 48.7 (2.8)
19 48.31 a -farnesene 50 (0.2) 7.1 ©0.4)
20 49.23 unknown from lime oil 11.2 (0.5) 83 0.5)
21 49,52 a —bergamotene 144 (0.6) 8.8 (0.5)
22 50.02 @ ~humulene 29.3 (1.2) 232 (1.4)
23 50.26 @ —curcumene 16.3 0.7 85 0.5)
24 50.83 © —cymene 190.8 80) 1125 (6.6)
25 51.77 zingiberene 7015 (296) 4022 (234)
26 51.93 a —-farnesene - =) 65.1 (3.8
27 52.24 B —sesquiphellandrene 189.4 8.0) 89.6 5.2)
28 52.97 7 -bisabolene 1189 G.0 1102 (6.4)
29 53.17 a -bisabolene 59.1 (25) 138 (0.8)
30 53.55 a —calacorene 7.6 (0.3) 6.1 (0.4)
Total 237277 (100) 17153 (100)

Y RT: retention time
2 Sample was a fresh ginger.
» Sample was immersed by electrolyzed oxidizing water during 15min.
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H 3-13. vlolagy EFAX A TAH - #Edd A SR
(unit : peak area / 10,000)

Peak oo Compound MwD2? MWD4®> MWD6”
No. {peak area %6) (peak area %) (peak area %)
1 21.73 a-pipene 549 (25 707 (40 368 23
2 2272 camphene 1632 (75 1490 (84 940 (69
3 2417 l-octen-3-ol 71 (03) 82 (05 57 (04
4 2469 B -myrcene 289 (1.3) 31 @O 243 05
‘5 2575 a-phellandrene 227 (10 336 49 23.3 (1.5}
6 2651 «a -terpipene 165 (08 252 (1.4 17.7 (1.1
7 2743 B -phellandrene 341.1 Q57 2557 (143) 2406 (15.1)

3,7-dimethyl-1,3,6-

g 2875 J1-dimethyl-13 52 (020 62 03 58 (04
9 3049 terpinolene 180 (0.8 246 Q4 18.2 (LD
10 3097 ocimene 162 (07D 163 (©9) 125 (0.8)
11 35.13 1.4-pentadiene 171 08 166 (0.9 154 (1.0
12 36.32 A -fenchyl alcohol 106 (05 108 (06 104 (OD
13 36.82 £ —citronellol 232 QD 30 02 267 QD
14 39.41 geraniol 248 (1.1) 187 Q1) 13.0 (08
15 40.34 myrcene 507 (2.3) 540 (30 51.1 3.2
16 41.26 citral 114 (05) 133 0D 109 0.7
17 44.09 citronellyl acetate 89 (04 84 (05 6.4 (0.4)
18 45.68 26-octadien-1-ol 818 (38 626 (35 522 (33
19 4831 « —-farnesene 92 (049 87 05 48 (03
20 49.22 unknown from lime oil 93 (04 103 (06} 37 (02
21 4950 a -bergamotene 133 (08 135 (0.8 11.2 0.7
22 5001 «a-humulene 270 (12 269 (15) 27.0 1.7
23 50.25 a -curcumene 145 (0D 118 (07D 108 (O
24 50.83 p -cymene 1432 (©6) 1255 (7.0) 1375 (86
25 51.77 zingiberene 551.3 (253) 531.1 (298) 4823 (302

26 5195 a-famesene 1242 (D - ) - (=)
27 5221 B -sesquiphellandrene 2044 (94) 1134 (64 1129 (7.1
28 5294 7 -bisabolene 1119 G 1090 (61) 1190 (79
29 5314 « -bisabolene 301 14 153 (09 15.2 (1.0
30 53.39 «a -calacorene 350 (16 54 (0.3) 66 (04)
Total 21755 (100) 1784.1 (100) 1596.1 (100)

D RT : retention time
2 Sample was dried by microwave during 2 hours at 60C
¥ Sample was dried by microwave during 4 hours at 60T
o Sample was dried by microwave during 6 hours at 60C
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H 3-14. 934X AFe FA - 298 LA PR

(unit : peak area / 10,000)

Peak ¥ HAD2? HAD4” HAD6"
RT Compound
No. (peak area %) (peak area %) (peak area %)
1 2162 a-pipene 566 27 608 (32) 3.1 (2.0)
2 2259 camphene 1386 (68) 1246 (6.7 866 (5.5
3 2407 1l-octen-3-ol 73 (04 69 (04 53 (0.3
4 2459 B -myrcene 203 (14 204 (16) 220 14
5 2560 «a-phellandrene 254 (1.2 233 (1.2) 176 (1.1
6 2637 a-terpipene 139 (0.7 94 (05 91 (06
7 2729 B -phellandrene 2917 (143) 2916 (156) 1935 (122)
8 2020 o dimethyl-136- 55 (0.3) - () 46 (03
octatriene
9 30.36 terpinolene 169 (0.8) 174 (09 11.8 (0.7
10 30.87 ocimene 134 (07 157 (0.8) 150 (0.9
11 3502 1,4-pentadiene 172 (0.8) 160 (0.9 249 1.6
12 36.22 B -fenchyl alcohol 99 (05 104 (06 134 (0.8
13 38.74 B -citronellol 384 (19 347 (1.9 373 (24
14 3934 geraniol 11.8 (06) 243 (1.3) 220 (14)
15  40.27 myrcene 507 (25) 430 (2.3) 537 (3.4)
16 41.21 citral 126 (06) 13.0 (07 131 (©0.8)
17 44.08 citronellyl acetate 77 (0.4) 9.0 (05 108 (©7D
18 4570 26-octadien-1-ol 619 (B0 715 (3.8) 98.0 (6.2)
19 4831 o —farnesene 65 (03) 71 (04) 7.3 (05
20 49.22 unknown from lime oil 94 (05) 97 (05) 108 (0D
21 4949 o -bergamotene 129 (06 129 (0.7 137 (09
22 50.01 «@-humulene 168 (0.8) 141 (0.8) 144 (0.9
23 5026 @ -curcumene 131 (06 105 (06) 11.8 (O
24 50.81 p-cymene 1131 ((B6) 1105 (59 1047 (6.6)
. 25 5181 zingiberene 618.8 (304) 6153 (3290 486.8 (30.8)
26 5198 «a -farnesene 1221 (6.0) - ) - -)
27 5224 B -sesquiphellandrene 1708 (84) 1442 (7.7 1143 (7.2
28 5297 7 -bisabolene 998 (49) 1213 (65 1022 (65)
29 5315 a -bisabolene 259 (@1.3) 166 (0.9 404 (26)
30 5407 a-calacorene 190 (09 89 (0.5) 50 (03)
Total 2036.1 (100) 1872.2 (100) 1581.2 (100)

Y RT : retention time
? Sample was dried by hot air drier during 2 hours at 60C
3 Sample was dried by hot air drier during 4 hours at 60C
P Sample was dried by hot air drier during 6 hours at 60C
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N 4 & zd=Mzto| mEtditHo| (2 HE =

=
o),

D
[l
tot

A13 M A

AL Tl Fd ALF T FYAHl e L 225 FE9 syl 7
2 ARSHes s HZAAE EZ AZIHAY Fo] #FE A= I
=X dHdAAM 4L #E5HE T AZHIAL AF - /FEEEE Agsin Y=
FART O dtvjolrt. dA el FEUYS 40keT 80kg ¥ wid, ui) &
Folxdlol 238t E3tsta gled, E3td AFZL A #3 9wEY, =R
Aggolyt Eof AFE AXN FAAuG 2 ol dADEH, Lnixt Al v
X GEolA g2 =8 A BolHE 5~62A9 EF}E K5 HEE JE
32 A ol U3 HF FF T AFH, FFo] M} 5 P AgFLo] o
oy AgAdel o W =3 4GS dEo= IYNY FEY AL 22 8
o] T sty WEUF EWEo] ddozN FFEY HAAHRI AAHE
At dEe] X P F4" Bl A7 BHE H&3AA A&
dztstA stz EF viAEY FYE Lol o= Ry 2AFHYE @
ot Ade FHAGAE R ARAY FE =ERIA 2HREdA nEF 4H
2 dEstz] M e AF, g9 ¢ F J2TFE T HEEXFoR F5F
287t Utk

Y AZA Ae A 2 £ BEE U dTFEE AR #AHE
o AW FHE T UE ¥ =] KUt g A7 AL
Bl YA & & AAol. vl Kol &5 FE I FHY JFIAY ¢
2 st HFC AR TAAY /AL £ HELS AF g FiFHE dedt
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e

e

FFAQA ZokdA AFe FHE FAsts Ta48 ez 2493 o g
Al 2 d7dAE A=Al S2FEAH, AR 265, TAAY FHEC =g
A & T T8 FF° g3 FHol &4 I devz AA FrldA
AAHoHME E£4A AE2HEl2 = LDPE(ow density polyethylene) &3}
Polypropylene ¥ §& |83l HEFHA d=2 AALFL AAsd A o
g A7 FZdusts SR s



A24d As R LY

L Nazdz 2 A3

AL T AR LA &G RAE 5~6mm FAZ MAsPgoey, axx
== 0C= st Foig=7F 30%7F = A stHed, ot
olz2zd ERARE A2H WELX 60C, vlolazs} ZE 240 IbE 3ty 3
o] 1.19m/sec’} HEE F X3t o] ol MASF YFS AFsZAl Hof AdEFo
E Zol FETFo] 10% v|wHe g HEE bz 6AIF B AFXAZ AL A A
B2 ARESHATH BT ERA AXAIFIA] G2 AT AGE 4 -9 T A
ZAZZ oA 2 MAEsto AMR3IHen, 24 A8 & 18C HFzd AFstA
A 25 AR FFAZE XASIAEY.

E Az XN mE A F FANUSE FAHSH] Aste o0&
H X2+ low density polyethylene(LDPE) BF Z2 0.03mm, 0.06mm2}
polypropylene ¥ & Z+Z} 0.03mm, 0.05mm7} o] & =Yoo, zF AygFEo FA7 Z
Z} 50gel HEEF st

rlo
K1
]
(@)

2. F2A3 WY

Az A4 AF 71 T 2AEEY 7 R FA AR T FTHF Z
FAWF "AEs FFE AE] & FEEE, TS, 2EE, A 9 14y

g ¢ Bt

Aol 7] TF A AF F 4Ze] FFHE YA
106C A¥7tdzixzYez AR bgY 33 N8 FAHY F HIdgoe=z Jehd
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e

o g
g 479 FAE AFP ABFA 4T W EAFAG

g ZAux

W= Hendel 5(1950)e] WHoEM AR F ARE 4% ¥+ 1.3g8 F
3l 40mee] FFHSE 713 b8 10% trichloroacetic acid €9 10mE 3713}
AL A 2AZ T WX F A3 spectrophotometerg ©] 83+ 420mmel|
A ERES 3RS

L] S

Ae= Azd ANBEE ZH2ZF 20mesh2 B3 F AMAGAZ o839 Lt
(whiteness), agt(redness), bgk(yellowness) 2 2} 2T 9 AIH(IE)E Y
QA o}

vl F9 2 9@

A e uBE 59 Wsts FA57] A8 FFe AxAE 2z FHI A
10u1e] Ha ABEAIFE 7 F 108 ¢ 0T £ I o3 2z 1
e F3te 9A s vlX o pour platingd F w3t A, Akt
Z7F4E PCA(Plate Count Agar, Difco Lab.)g, d&dTFTL Chromocult
agar(Merck Co.)& A}£3td F A3 A
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A3Ad 2 2 317

1. T¥< W

HE 4-12 AF 71T 4R FFUSE JEd Roz Ax g
FARYFAME FTH AEs dAA delgen, Y 650 2V|FAY
5~7%7F ZALdte Ao2 JERY. ol AT T FEFF B2z Q%
A%Z R, 2 dgo| /9 FHE 238 A F polypropylene 0.05 mn7}
713 A Al £ A2 YEEHY.

Az AT AL 65T AAFAste ¢ FFA g8 TP Fotsle A

HIou, BE AT FF ¥ssl 2% vivez AHIFE e HoA¥Q
ol UEtA Fgkot. wiojazgs EFdxV E¥30Ex AYT EF FXTF
o} vl3k7FX 2 polypropylene 0.05mm &AM 713 Feke] W3yl e Ho=
etk ot

2. Fo&9 Wz}

Az AT WA 18C AP T ETFHF € FA7 BAe R
T %S 2AE AIde # 4-2¢ 2o vpolazg EFPAx 2 &
o B&L AY 657X TAsA 4L AR Yoy, dzT e ol8d
A A BS AFel F53] RIH= S BRI oW AP 4FE JEL
2 polyethylene® polypropylene X Z Ao A 0.03m LE SATFE ¥ugo) z2+z
78.16%, 64.19% =M 0.06 un WXL R g&o] A3 Fr/isle AE B F ¢
£ Aoz Hol EY FAZ g2 A¥e ZIA € #3571 FA=EI =ol ¥
Heo FFE A Aoz 4 E AN d28749 2HHA 234
o} A& F 7= polypropylene 0.05 mmZ Y epyicl,
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B 4-1. A7 T AxAY B TR FH/F R FA "e FF

=
(unit : % )

Drying Packing Thickness Storage time (weeks)
methods methods (mm) 0 2 4 6 8 10
Control” LDPE” 0.03 - 224 564 631 - -
0.06 - 38 421 513 - -
PP® 0.03 - 050 591 754 - -
0.05 - 012 244 602 - -
MWD?  LDPE 0.03 - 005 014 153 154 165
0.06 - 011 030 149 150 159
PP 0.03 - 058 159 165 166 165
0.05 - 023 067 146 146 152
HAD®  LDPE 0.03 - 025 035 193 196 212
0.06 - 033 064 137 149 156
PP 0.03 - 034 065 111 139 168
0.05 - 052 070 100 126 140

D Control : fresh ginger

2 Sample was dried by microwave during 6 hours at 60T
» Sample was dried by hot air drier during 6 hours at 60C
9 LDPE : low density polyethylene

S pp : polypropylene
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X 4-2. AL T A2AY 42 A FF 2 FA wE A

(unit : % )

Drying  Packing Thickness Storage time (weeks)
methods methods (mm) 0 2 4 6 8 10
Control” LDPE? 0.03 - 3136 7816 100 100 100
0.06 - 2884 5650 100 100 100
PP® 0.03 - 755 6419 100 100 100
0.05 - - 5164 100 100 100
MWD?  LDPE 0.03 - - - - - -
0.06 - - - - - -
PP 0.03 - - - - - -
0.05 - - - - - -

HAD”  LDPE 0.03 - - - - - -
0.06 - - - - - -
PP 0.03 - - - - - -

0.05 - - - - - -

D Control : fresh ginger

2 Sample was dried by microwave during 6 hours at 60T
» Sample was dried by hot air drier during 6 hours at 60T
Y 1LDPE : low density polyethylene

¥ PP : polypropylene
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T34 9ed FF % T dzLYe 2w 479 18C AP 71T 3
SEgF W] oY ARE I 41, 4-2, 4-39 YRS 3 4-12 A
47, 29 4-2& violaZn ERAZE 47, 19 4-38 AEAZ AP HF)
T F ERALN WE SEGH] WHE ey Rolt

A 71zrel Frtgel wet TAGTFA 4 47 FREVL prde A
2 ngor, vlelasst @dE L AFAZ AYFE FRPFo| Hlulshx Y
ZF7hste A%e UEURQS ot AZAZe] A FEFFl Zrse A

FANTA A A% AR} T FRUIE TFA THY A w
oA apolzt Yehdx @gth A7 62AE FoR A AP F2@

ZFE low density polyethylene 0.03mm= 82.6%, low density polyethylene 0.06mm

e

82.5%, polypropylene 0.03mmt 825%, polypropylene 0.05mme 829%=%
polypropylene 0.05mme] 7 --ol A 7+ A& A FE UEtRo.

wtolz R ERAEAESY A= AAZIZE 109 @ low density
polyethylene 0.03mm= 9.2%, low density polyethylene 0.06mn< 9.4%,
polypropylene 0.03mm+ 9.49%, polypropylene 0.05mn¥e 83% =2 $ET3Fo] 0.7~
1.7%7F 7 Edo. @5z g Afdle A7 1059 9 low density
polyethylene 0.03mm+= 10.3%, low density polyethylene 0.06mn< 10.6%5,
polypropylene 0.03mmT 10.7%, polypropylene 0.05mm+= 10.1%62 FE3sko] 7}
HA™. ddZ2FAAAN dxAE Age FedA 713 FEFEFY Asy & ¥
#A = polypropylene 0.05mn e 2 eyt
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Moisture content (%,w.b.)

87

86 ¢

85

84

83

82

—e— LDPE (0.03mm)
o-- LDPE (0.06mm)

—w— PE (0.03mm)

—v - PE (0.05mm)

Time (weeks)

a9 4-1. A AFe] ARAN T EFAN BE FESF
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12

11} —e— LDPE (0.03mm)
.0-- LDPE (0.06mm)
—v»— PE (0.03mm)
— - PE (0.05mm)

Moisture content (%,w.b.)

L i i L

0 2 4 6 8 10
Time (weeks)

39 4-2. violaz s EFAE A AT T XZAZC nE FEHH



12

Moisture content (%,w.b.)

—e— LDPE (0.03mm)
-0 LDPE {(0.06mm)
—y— PE (0.03mm)
—-- PE (0.05mm)

L 'l

0 2 4

6 8

Time (weeks)

10

a9 4-3. @FAE A% AL F ERAA BE FRIF



4. Ziixe W

¥ 4-32 AN F UEFTHF B T wE A¥E W3 E vy Aol
o9 4 A% R AL 18TeAA 65¢ AASE T4 BRUEL AF7|0|
S7hEFE F7tHEE A2 JUEyen, AZAZLS AZVL FAAM 105 A 2
Aert F43] Fohele Re2 Jvend. fz23d 4 A72E& A7 vs
ZUx F7H 2% LgANEr #4343 AsHE AL & £ Added,
polyethylene £F A= L& F7 &Rl polypropylene EF AL A
718 Zed Z34HQA Aoz veyd. a8y vlelazg EfdAzx € 4%
AzAZe ASdAes g9 FTFHEUE HEY FAd & Igo] & Aoz
YHelsted, ¥ AT 25 polyethylene &3 polypropylene 454 HEF
A7t Zk2t 0.06 mm, 0.05 mY o ARGl JAH AxEY FH Aj}HE

A Fed $4% ReE dehych
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# 4-3. A=WHS 298 AA9 18C AAVI F HEZFF 2L FAd g
AW o] W3}

( unit : % )

Thick-

ness
methods methods (um) 0 ) 4 6 8 10

Drying Packing Storage time (weeks)

Control” LDPE® 003 00262 00298 0.0269 0.3448 - -
006 00262 00364 00362 02049 - -
PP 003 00262 0.0298 0.0373 0.6496 - -

0.05 0.0262 0.0448 0.0343 0.5081 - -

MWD? LDPE 0.03 0.0318 0.0476 0.0457 0.0971 0.0905 0.1216
0.06 0.0318 0.0377 0.0422 0.0463 0.0985 0.1142
PP 0.03 0.0318 0.0492 0.0607 0.0766 0.1083 0.1558

0.05 0.0318 0.0411 0.0565 0.0666 0.0946 0.1538

HAD® LDPE 0.03 0.0326 0.0438 0.0797 0.0867 0.1570 0.1303
0.06 0.0326 0.0442 0.0545 0.0651 0.1136 0.1286
PP 0.03 0.0326 0.0439 0.0645 0.0784 0.1481 0.2192

0.05 0.0326 0.0354 0.0545 0.0657 0.0925 0.1254

Y Control : fresh ginger

2 Sample was dried by microwave during 6 hours at 60T
» Sample was dried by hot air drier during 6 hours at 60°C
Y LDPE : low density polyethylene

® pp : polypropylene
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5. Mz

BRYHES 9T BAe 18T ARV T TRAL] TF L FAH @&
Aol WIE B 4-4, 4-5, 4-6°1 YetUATt. A=A st e AN 3RS
Z+ & s AFE ZFd GA JdEd 2Rz fEe AR 6571 HA
2 W A Mz ¥HEHE B F UUY ZE AT AP A7 Y
od wel 3= L FAEJen vl HNEQ agk® FANEQ b TS
< Re2 YEY, Fx A% 1R/ S L4 BRG] F=EAA Lo
Ui 5S¢ F AT

A A AS "HEY FF L FAC mE HaAA AAE YelllEs JER
€ ARdF 6FAA A9 FA7 57 polyethylene 0.06 mn%}
polypropylene 0.05 mnolA] Z+2} 36.21, 36.112.2 Mo w3yl =X A4 JerG
< ¢ F AUY. TG dzFMe &9 FAVN FALALE ¥ =37
F&2 Aste EFAUY AAEE TR XA Heg FH3I) wiEHA 2
°2R, A2 AHoz Astd Mo W} Yot Aoz AlrdTh

Az A AZE A7l F71e wE dx FNEE A4z, F
Are F7lete 2F S B oy, gz v AwzA Y2 JE= A F7}
32 @2 A2 yEwd. 3| vlelazs TFUX AT 18T AGAl A
Eo glojAl EFAE AMETEG Mo WSyt AL FAeE dEYen, 1 F
A7 6549 w polyethylene 0.06 mm®} polypropylene 0.05 mnollA AEgke] Z+zt
515, 13172 YEhd 713 A9 wsrt e Aoz ydEyn. ol d¥Ax A
TAAME 22 FdS Yeden, O Ax Az YA dAME dzTods=
ga "Ex9 FA7 AL polyethylene 0.06 mm®t polypropylene 0.05 mm”} 7}
Z Mo ¥tz A% FAAN}E HE 4 e M EAHQA EFAYE & F
RA ot
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E 4-4. 4 A7) 18C AR} F WEEF L T BE 4=e) Wy

Packing Thick- Hunter Storage time (weeks)

methods ness(mm) Value

0 2 4 6 8
LDPE” 0.03 L 67.19 5445 4922 3257 -
a 008 047 435 466 -

b 1793 2134 2134 2510 -

AE” - 1319 1878 3565 -

0.06 L 67.19 5374 4907 3194 -

a 008 008 322 525 -

b 1801 2008 2235 2448 -

4E - 1361 1890 3621 -

PP”  0.03 L 67.19 5246 4937 36.21 =
a 008 031 365 491 -

b 1793 1930 2134 2222 -

4E - 1480 1849 3165 -

0.05 L 67.19 4930 5171 3186 -

a 008 124 424 563 -

b 1793 1801 21.34 2297 -

AE - 1793 1639 3612 -

Y LDPE : low density polyethylene
? PP : polypropylene
Y AEE ZF Aerd ARz Az 0 4234
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¥ 4-5 wtelzz s EFAx A7 18C ARV T WESFHF € FAd ge
A x o] i}
Packing Thick- Hunter Storage time (weeks)
methods ness(mm) Value 0 9 4 6 3 10
LDPEY 0.03 L 79.15 7629 7122 6028 6026 6035
a -0.15  0.06 1.13 3.42 3.37 3.72
b 2409 23988 2384 1799 1789 2387
487 - 2.87 804 2015 2019 1920
0.06 L 7915 7878 7479 7474 7463  74.38
-0.15 0.2 0.57 1.27 1.16 1.46
b 2405 2405 2314 218 2270 2225
4E - 0.51 452 5.15 491 5.36
PP? 0.03 L 79.15 76.07 7447 4923 5028 50.70
-015 075 1.58 550 5.89 5.21
b 2409 2152 21.02 1772 1769 1740
4E - 411 586 3111 3018 29.71
0.05 L 79.15 7804 7509 6865 6841 5981
a -0.15 0.05 0.17 1.65 1.40 3.47
b 2409 2382 2271 1635 1667 1835
4E - 1.16 4.30 13.17 1315 1322

D LDPE : low density polyethylene
2 PP : polypropylene

¥ 4EE & AFPd AFx7] Ao BE Y2z
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£ 46 9FAE A3 18C ARV F VEFF L Tl 42 Axo] v

Packing Thick- Hunter Storage time (weeks)
methods ness(mm) Value 0 9 4 6 3 10
LDPEY 0.03 L 7985 6346 5478 4498 4474 4495
a 0.65 3.32 3.45 5.22 4.18 3.43
b 24.87 18.36 18.25 18.00 19.14 19.75
4E” - 17.84 26.08 35.83 35.75 35.38
0.06 L 7985 75.13 74.31 71.04 72.14 - 7401
a 0.65 0.85 0.20 -0.69 -0.75 -1.59
b 2487 22.08 21.69 20.62 2057 19.94
4E - 5.49 6.40 9.87 894 7.96
pp? 0.03 L 7985 5406 5025 4937 4892 4847

065 525 552 608 434 458
b 2487 1839 17.84 1784 1841 17.32

4E - 2699 3081 3174 3181 3251

0.05 L 7985 7839 7384 6010 5981 60.62
a 0.65 0.50 2.36 3.65 347 3.79

2487 1893 1737 1614 1835 1984

4E - 6.12 9.76 2180 2126 2012

Y LDPE : low density polyethylene
2 pp: polypropylene
Y 4EE Z AE7E AZE7] A8 dF A2z
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6. VSTl W

¥ 4-7, ¥ 4-8& HE F7 ¢ FHAE 23 44 AA /7 2 F AF

qEzTA A B FAIFTFE AT 458471 7HF 2L Aoz JeEwgm o
olF=2 ol FAHA &L Aoz e A AP 27 HFFE 364%x10°
AlA AF 6571 AYAA polyethylene &4 3 log cycle, polypropylene ¥ &
A 4 log cycleel F7tHE ZAez2 yeht FEF7 @Al EFA7
polyethylene & ¢ w7} td& & F24 Ao &axA< Rez velgo Ax
AT AE AF 71l FEFE AF 4FA 7A g Frtste A¥E B2

oy, 658 = 238 ZAEE AES el olE AHYFTES UEY =FH
2 FA & FRE XolE Rol|x] Yo} M a4FQ) HEEHF L A
+ polypropylene®2 & 0.05mml.2 713 #2] F2o] Al Re=w ey} =3

AFTHZE ]88 AL x7] 145x10°90A4 polyethylene ZE 0.06mn <}
polypropylene @& 0.05mol A 2tz A% 65 olF 7.04x10% 6.31%x10°22 1 log
cycleo] Zra® HRo =z Yehytol,

PEFEF TN oA vlojazs AR 4FAx A-gF BT #ol A
E5x @god, AF 7|t FrElAE Fo F4L YojuA = A2 Yy
gt &7 4 AAdAe A3 T 7t A dF7t FHEFE A A 3]
718t AR 65F A 2-4 log cycleo]l F7HEE Aoz Yelygon] o3la A&
FAZ FAYN 42 dZIET F4 S50 @AS A2 YEHY, gx2F 9
S ¥usYES 9 71 2733 I EL polypropylene 0.03mme Aoz ¥ha Ao}
a2y Az 1079 AF 71t dA3TTY 43S 32 + U
o, ¢o 2 HVNAZE Fod AAHA Y& TFHF L FA wE 4o H
{% Aol

- 104 -



F 4-7. AzYHEE A AT F HEFTF L FAd 0w FFF
(unit : CFU/g)
. . Thick- Storage time (weeks)
Packi
Drying acking ness
methods methods
(nm) 0 2 4 6 8 10
Control” LDPE? 003 364x10° 530%x10® 6.41x10® 6.25x10? - -
0.06 364x10° 325%10® 320%10° 1.56x10° - -
PP> 003 364x10° 1.68x10°® 1.08x10° 1.00x10° - -
0.05 364x10° 6.00x10° 6.04%10° 6.00%10° - -
MWD? LDPE 003 5.48x10° 6.70x10° 7.10x10° 9.45x10* 3.25%10* 8.15%x10°
0.06 5.48x10' 585x10* 541x10* 800x10* 1.00x10* 3.43x10*
PP 003 548x%10" 1.44%10° 213%x10° 6.15%x10* 1.20x10* 1.65%10*
005 548x10* 7.35x10° 816%10° 4.00x10° 4.00x10° 6.40%10°
HAD? LDPE 003 1.45%10° 6.49x10° 7.60x10° 3.02x10° 1.26x10° 3.00x10°
006 145%10° 1.08%10° 1.80%10" 7.04x10° 1.00%10° 220%10°
PP 003 145x10° 1.45x10° 251x10° 260x10® 8.70x10® 1.78x10°
005 145X%10° 2.09x10° 246%10° 6.31x10* 3.30%x10* 2.00x 10

Control : fresh ginger

Sample was dried by microwave during 6 hours at 60C

Sample was dried by hot air drier during 6 hours at 60T
LDPE : low density polyethylene

PP : polypropylene
< 10' CFU/g

N.D.:
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E 4-8 dxwdE A AR T ZEFF R

FAC e AFIITT

(unit : CFU/g)

Drying Packing Thick- Storage time (weeks)
methods methods ness
(mm) 0 2 4 6 8 10
Control® LDPEY 003 340x10° 590%X10° 619%10° 7.40% 10’ - -
006 3.40x10° 3.15%10° 6.00%x10" 5.00x% 10 - -
PP? 0.03 340%10° 3.35%x10" 400%10° 456x10 - -
005 3.40X10° 560x10° 7.00%x10° 1.33%10° - -
MWD? LDPE 0.03 ND.® N.D. N.D. N.D. N.D. N.D.
0.06 N.D. N.D. N.D. N.D. N.D. N.D.
PP 0.03 N.D. N.D. N.D. N.D. N.D. N.D.
0.05 N.D. N.D. N.D. N.D. N.D. N.D.
HAD®” LDPE 003 N.D. N.D. N.D. N.D. N.D. N.D.
0.06 N.D. N.D. ND. N.D. N.D. N.D.
PP 0.03 N.D. N.D. ND. ND. N.D. N.D.
0.05 N.D. N.D. N.D. N.D. N.D. N.D.

Y Control : fresh ginger

2 Sample was dried by microwave during 6 hours at 60T
® Sample was dried by hot air drier during 6 hours at 60T
4 LDPE : low density polyethylene

¥ PP : polypropylene
® N.D.:

< 10' CFU/g
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Al1d A4

A Tl el AFA {5 8T YRS Inz AF EF AFe
= 3YE AHEste Ao gy A AZS 10T odeAME AL YiE wn
18C ol delAE WolHr] A 54 wWEo 7 F8 IAE gsiy A
AR A FE5HD &3 Aok A AFE FZo] A, =53 Az goz A
Fde] g 2o maA 59 A A ARE el 9 FA AU
At 47t ey dEE A Ao e olE A ARE dzRId BT
LAY 1z A7S oleoresin, ginger oil HZ 71E 3 $-EA7]2 Q= AA
olt}. &y A9 oleoresin® UE AARG AFAHH HIHL Joey 7+F
T A vjEgte] Y S4FHE T Dol Ut wEA ol dHL B
gty HToe A AT A FIF AAdviel mj&tE U2 FAEEA
3 ZF71% AR ¢ Jde 87 dHol2E 73Uy #sld dFHm Qe
4 S B2 AR 2E, §% T AFxdo @4¥sx] EI AHIE nyET
f A 2L A, FrEHHd B AF= AT AAe|o)

sAES] Axe 7HEMA € AR P A %"178”]‘11 2 F4d 9
T ciEo] dx FAEY Fa7 FFsn U Z FANFEZ Bo] o] L5

. K3
Ve AT B AFH RS s ART A4 FRABo] Qo) Faa

TEEY, BE Az o ARSI, BB FS HAY, B3 wgo
2 A% A, Az gt 2 IV AT EAF Ao nEFY AFS V)
a5 U B EF HZ FUIEEY £ 2 AMEAI H2 sl
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FdozA AFe FHIHA R A Tl A &HZt FotEE FAC Ak &
g FHEEok AEHE AL Ax FPS T AHR o8 : glon,
ol A& ZtFARYAAMY A2 EFAxY vlolazst Ax, FFBEI)
PR3 oy, FAAZE HFL ¥ x4 =SA7IA E3 oFoixn=zm
FHo ¥ AFLE L€ F d= FHAE BT dxv 8o el B3, A
ZHE7F =83, #3971 A A7 99, $E&HAAE AF] TF L 2 &
°] ¥FHE= Aol U o2 Uste AR FFIAEI 2 ol &EHz Q)
o B oiyEr AL Fol B2 “EHOHH F8 - AFslez 5 FAd
ngEEe] 7HE - A T dob ¥¥ 2 FHAASNE dos=g Ax A AH
2 dAAM e PIBE 2FE Eola EFAAHQY AXE T FAESUF HowA
TE7IR @) 7ted nFAL AZ AT U A7 &7dH
mEtA] E AFAME AZe AR, 55 MAsn, AxAGE o) &F AF
Ade] dAdstetr] st B FAE FAFE T e A=A AHFH
€ Mgz S 9¥FAX AAY AxTHLE ALY 7 F vy 9@ 4 F,
A, dd R A=2FAHoE AZFTHL dFAZE vlolazs £
Z Wie Agsged, ol §4E A9 FAWEE FA3Ao
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A2zd As 2 LY

1. 4848 2 3¥

A7ZE uy, AH, AANHs He 2 AuRYL AN volazd @Az
2 GTAZ PUL o] 4F AXTH 5 YUAZ AR A= TAY TaA9
BHSAG. ARE 39 AAA SN AW w(Eeho] 6~7H He Az
F02 7% FFUBARANN AQ Pt ALFRAG E 5-1¢ 4Y A=
A7e] AxTPE FALHE 9B TAL Uehd R0 4 AFe Fgoe
7 N3 d Ao waT AL

i

E 5-1 9332 A7 AxEZ3E E497) AYTE

Index Processing
A fresh ginger
B sliced ginger after filling
C sliced gingers immersed in electrolysed oxidizing water
D microwave & hot air mix dried ginger during 6 hours
E hot air dried ginger during 6 hours

Aitss Age dst@gdd a9 pH7F 242 1,150-1,200mV, pH 24~26 ¢
Asjatstrg o848t AF - vty § Q7S 1583 5952 IX3ty sl o,
A AHEE A3 st AlAsT AAA71(F $EH =, Model : GRA 120002
Azt A 3L FFAZYPL AXLEE 60T, FHEE7T 30%0
A 6AIZE AxIHPLH, vlolaRy EFAZR WHE WZXLE 60T, violzE b

= 240 Ib, F%o) 1.19m/secoll A 6A17F A=Y}
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w
ol

3 F2 249

LIz A Ax3HE FRAEHE A5 AGTE 8 & ZEax, A
_/;1

=, MgEF, PR e 2

7t &
A7Fe] FEEFS 105T ARArldaAxygoz 2459

o g

Z¥M =+ Hendel 5(1950)¢] WY oz2x Ax F AEE 4% F 1.3g8 F
3l 40meel THFE 7H 9 10% trichloroacetic acid €9 10mE 3 7}3to
A& A 2A% T WA F A5t spectrophotometerE ©] 83t 420mmol)
A FZE=E FAsAh

|= S

M dAzxd AEE #4720 meshz B3 F AXAE ol g3l Lt
(whiteness), agk(redness), bgk(yellowness)et 2+ g zte] MG (LE)E A&
A ANBEE 7IFLRE 3o o Aoz Yehyi.

AE=V AL*+ da®+ 4b°
MIHAE)GS 7 A9 vlu Al vi$ F83tA AMSEHE, M3 gheo]l 0~050]
| Az A9 glon, 05~158 243 Ao, 15~30L AAT + UL Ax 9
zto], 3.0~6.02 A o], 6.0~12.02 F3] AT o], 120144elA T E A
S| Moz AARF,

2 FT ¢ 437

Aol e vAF o WIHE 2As] 98 AL Az AR 282 FE A
10819 27 A AIFE 7 F 108 B¢ 30T F2dA AL oL gz 1
mME F3d GAHMST vix]o] pour plating® F wigFste A, @asid
ET4+E PCA(Plate Count Agar, Difco Lab.)g, WATFTEEL Chromocult
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agar(Merck Co)&E Al&3ste &H st}

v}, B} A A (specific volume)

HlAE AL 50mte] WAHAUGE ol ZF Az ARE UAYE H
% 3| AHB0mesh, Showa chemical Co. Japan)2 sl 2398 =A% m o B
HoAM SAte] 2D E W RIE AR R 3o AR FAZ Uyolx 2
e At

ul, 438} 8 & (rehydration ratio)

FHELEL 500mee] HlolAE AMEEY 100C Y FH4l 10837 43 3
AAA 28T drainAl F BASAT. ol F3EUL
NEFASG ARANE Z7FAY vzEA Filged
gain)2 IAFAL AT Fof MEFANT AX T FAS 4 32 gF F5Y
(g water/g solid)e. 2 #ibsloe] F A}t
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A3d A A uF

1. &

el s

5i4

AR dxFF 4 A BE FEFFS WIS E 5-29 YU
Azt MedAE AXNEA AFY FEFIFS AF - vy dAdA B
095% 7t Z7lete Aoz Jvelwtow, vlojazs A 9 dFAX 93
AxFA Fol:= 816%, 852% 2 FA3stHch

B 5-2 4FAx AR AxTAE FEHT

Index B C D E

moisture contents

91.34 92.29 8.16 8.52
(%,w.b.)

¥ 5-32 9484z AL AxEy] 9% FHE F2AWE F Aws 2 N
o] EMZATME UeEd Aot AFPZAFANdA ZBHUEE AFH F 9y AP
0.0514, M 4sts A FFH FolE 0036622 dAEr A8 gasts Ay
€ Bon, nolmzs EFAXS 4FHx HAA Fo A ZWHEE 00652,
008172 WA YZTHAA ZAEEL Fretd ey rojazst Az Wiol
BEFAZROE F7MFo] FAA et

Mro A AIAFAHLE AFe=zR L Frsle Aoz ey on agte
A4zt MY dAcdA A3 FrsATrE dxGAGNA A 242393, b
T2 AZxAY A Fo ik FrEte ez JEwY. &, Asids Ha F
de dEe HNErt i Frhstd o, A ge 12124 A AR 8wty
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Azl 2 J¥g UAN Fe Rez BUEy AXFTAY £ A== Pg,
HAEIF 2718200, A3} e 1072, 20482 BHo] & 4B MNEr} Mahy
2 ¢ & AN AzAY PPAME vlolazd AR Pule] ATA=
Yuc Yxe Wssl e Ro= veht

E 5-3 9¥AZ A7) AZTAY TUE L Axe] W3

Degree of browning Color
Process (absorbance
at 420 nm) L a b AE
B 0.0514 63.30 -0.16 21.94 -
C 0.0366 64.30 051 21.88 1.21
D 0.0652 74.00 0.18 22.44 10.72
E 0.0817 83.74 0.15 23.17 20.48

"AE A ARE dE2TR o Z 3AE NqAE JEd A

3. PAEa A5

FRAGAE nAEFY] WFE A AR B 549 2ot Ay ozw F7H
2 HAET v A A AF - ey, st AATFE L AFHY
TS AALEAN A HAAHE Z2F3E et FE5E 72 9AE AL
ZX HF dAD dxHE T Fol F 4 log cycled] FAaHE Rez ey
3, gATEe Ax A o) &4dd AMEE Ao E Jeiwth A7 o] RS
2EE ARl 7T T FAA}E FEIX F BT opvg UH ;A FF
< U3er A A FT olEY E&FA A WP Jd#oI FIHAss
A2 & olfstHEd, 2 A Fd59 Aol 2 Log cycle, AZF T o] 1 log
cycle® ZAAA g§493 Ad 535 Yehils Aoz 3R,
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¥ 54 QAX AFe] ARTPE vy w3
( unit : CFU/g )

Process Total viable Coilform
A 2.90% 10 4.88%10°
B 1.00x 10° 6.20x 10*
C 3.64x10" 1.00x10°
D 4.48% 10° N.D.
E 3.00% 10° N.D.

ND. : < 10' CFU/g

4. F35de 9 vAA

dPdx A9 AxTA F viola=s ERdx R €F34x F9 35
A& AxY72e Ass F EQ4LS EHEY] A5 100CTeHA 1083 A
glsled 2 E3E R 5-50 e mlelzgs EFdx € 4F330x $9
A A & zhzh 313, 3102 A=A F A% £F5EY0] 4ol ese ¢ +
At EJ AeE Fo EAAHE UedE FEEIEY E5EE vlolazg
Tz AYFelA zrzh 320, 292, dFAx M FAAAME 237, 22002 A=X
Azgyd me dAxAgrte] FIE YL volazs EFAzYEel E¥FHx
W BT 8 Aoz JEkh
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E 55 AxAYH wE I2AF] ¥AHY 2 £3589

Rehydration
Process Specific volume -
RR.Y M.G.”
D 3.1274 3.20 2.37
E 3.1038 2.92 2.20

" RR. : rehydration ratio
? M.G. : moisture gain(g water/g solid)
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2 AFoldE 479 AYA= AF VL 9@ A
& A7E FYsigen, FAYY A7ARE e 2ot

1. A7l AN 7=

7t Askste 2

Aol AA Z1E2A AAAES: AW S 4] YRY #F52 Ao
SmA stgon, 47Ze L Asdsr Ha 24 dY) gatd AA w
9} Azbe] g AFL P

AR wlgo] e APAsL, 205 ANl 083 A YL u)
qgEEol 1/28, 57t 1/432 2A8Q%, 5ul5elA dRFEe A 152
1/25, 108456l A SF5E 2080 1/3652 #Zastgch AAAZ] e AdoA
A2 10v]S4= 158 A 1/152 ZAsg oy, 20840 1/252 42389 5
ol e 158 oF 1/222 A3 10uFIAMET o L& E88 Ueyeo
o, 208E o 1/202 ZAste] ATEAAY} 37 "olXE AFL el &
T 108 158, 2089 zHzF 1/21, 1/208 243t & 2108 Ro)x] €to
o, Sulsel ME 15, 2080 Z+Z}F 1/20, 1/192 ZHAdted ARAIZE 15837 2023
e Z Aol Holx Rtk APATGA Fx| wjfo] WM u]PE AAE
£ 2 Dol7t vehAl @stm, AW e fe dAFAze] YA a1 5
7t #agE Aoz eyt

Aol HEAIY) AHE Bt AL %o AsHAsFZ @Az EHE
ATE Rol Bodez, AFL sul5e AsAsisdN 1583 AxsE Ao
744 A€ Ayxdoz BAgYc)
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o AlE A

UFT7IE ol &3 AFo AHAFHAN AFTF7] £571 10m/se] ASddE
Ngel AN e 23F =lole AASE 0mpmolH MHEFs £
2 Aoz VoY, 4F5F7] £=7F 20m/s A Sole 23 F ol A
£% 30rpm¥ 9 AFHEFAI} F& Hez velygt ayU g¢EFUIE ojL3%
B7el MHe] e AZBH & F9 olEAo] 4AF AAHA &= Aor
ety Aol Al LEPAAN FEHIT7E ol LT AAYYL HHX B AHe=
T A

FAF Be] @ APeA MAFe BARS 94 o AL z2A
st 23 F{F o] £t 30mpm7AA T 23 F oo FALEI HLFE
AHEFHRE FL& o2 Yoy, 23F FHo7l 30rpm vttt s 7ol
dE FHEHE Bl UEY FE3HA AHEATRAME EBoxes Rez Yeyw

o A% Wye] o Age A" 23F Tulolrsl 0mpm, FAH £ 47
EWe] 2719 AZEHC Folgle olg8AL AANI AY YT BAA
£ 45T $E7F 0m/se] A7 AHEH L Rez yei

2. A7 AxEA

7t. 43Ax EX

Aol E4FIE &= Ux2Vde d2E&x7 533 Frhsidst 718
o] &xt3lA FAFM AAAZEe] YA AxLxel W wH|Fd Aoz e
Bo Az e AxEs W PeHe FAIE Aoz Yo, Az
=7t S 4 & AxAA F AREE sty Zo| 2 oz vEyd i
o] FAEC) FEFRLC] YAY Z7ld EAsx, AR AH$
712¢¢te] JEldE Aoz HIuHm on, ARe ALE FEAZI0 E4)
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& BAY EAGAE ARE7]d F3) A& ABA Ao AIHUG.

B dF9lA = exponential model, approximate diffusion model, Page model
AN E HEsld WA 93 AR £EE = F U dx2dL gy
t}. Exponential model, approximate diffusion model, Page modelo] 2] §7} 9]
EFAEELY o]2F «FX MR @&#F H¥x MR #e ZAAASFE zZz
0.9892, 0.9891, 0996322, 7idd A& Ao AXANNE dSsls 9Zd=x
EdzA A} Aoz #Addd ol 7Y FA X Page modeldl 2§ A7
o dFAxEd YHHo] o]2F =X MR #% 48X MR o AAAFs}

=

s Re 2 Yeht A7 JEANE dFded /M8 A3 =dez ad

N

Y
N
>,
)
2
e
ol
)
4»
R
o
rE
:)
rlr
)
N
>,
o
L
oM
N
ng[_:
2
=
iu)
U.?‘_',
3
RS
rlr
R
1
oo

WL
hul
9
[o
2
13
BN
flo
K1
)
ﬂs‘.’.
4
=
rE
i)
2
=)
M
fr

Z2E7t 225 59 FaFol & 3o
2 UEReH, Adx Firlds Ax2xo e d4u] dsle] Aol njuldtg
th mlelaEs} FE7E F4H WA "X JFE ARLSE 70T ARz 2
AZE ool Mgt mlelazsl FErt 5l AolE UEIHIE ¥ AX2E 50, 6
0CoAME vlo]R2E 3 FEd wWE 4 Aol mH] & Rez el o)}
22 ARE vlojlags EFAxE volazgE dYoz AE3le AxA U
5ol A=F7E AP 22A vlolazse dFAxe EFARL A 7|
g Reo=Z Audr),

vtola2n EFAZ EPL exponential model, approximate diffusion model,
Page model WA2ASE A&slo 7iEst}l. Exponential model, approximate
diffusion model, Page modelel] 2% A7}e] vlojmazs EFJAZREYe ol23F
AFA Frvl g 4FA v gel AAHASE 242 0989, 0992, 0.995=, 7Y
e EdES AR AXANE dFste Rd2AM AP Re=z AgHY. o
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£ Y FoIME Page modelo] o% 47l vlojzzs @Az w4 o)
JlEd alzAsl Fsulst HGA FFulY FIZEDNA AT AF = A
o2 yehy vlelazs EHARA AZY AZARE dEatd AP AR
292 gosdgi

3. d=3yd F2497 4 594

slolazst EgdE R IEAE UL o8¢ Az4ZY EAPSE Hat
o #EHY, AR, $A2AL, TAE D A5, gFF D FBE, PIARL
2k

FETFL AZAT 6A0AA F I AxzWYelA BT 10% o)== £
T Fo] FAHUoH, AIFALLL FUEE o2 UERT. AxAF] 294
€ YehE FIE98L d¥AZRYE vlolagsd EFAR ARAN $5§
Ao g vehygon HARAZ weElxs 44 T A2 dxYFo BU&
o] 71 A uvEEt. ZRES M= AxAe] F7YFE WsElFgo] Ftsl
Rew, vpolazn EFAEY EFR2ETG AxAY F dEE L AE E3E=
e AoZ Yehht. £3 vlolazs EFARr d3dxngd F7 L WAF
T dolM AHEAEFAZ} FHold Reg Vet AxAR F FrIHESY W=

AXLETL Fobidl wet Fr|PdEY Lol Aoz Yeion, FXHE &7
AR F 41%E X YJW hydrocarboniF £ FFWslox wlo)z 2 bt
ETdEx 2 dFUZRE ol 83 6217 B¢ AT HFolAME 33.2%, 37.6%
7t FAE AR ¥HA, vlolaZn EFAZRI EFIAFE WHEOE AT A
o2 vgwg, azy st #osts AJ£< zingiberened] FFHE Am B
ke W vlolany EFAZX AT 313%, 93d= A7t 306%7F 7
28 Aoz e ot 5L BEIEdE AxdEd 9389 Aole y
B Z ket

O
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4. [xAZe Y e A T FAAg

Az AAe] AZNN 5 IZVEY TF 2 FA AR} F 2% 2 E
dRste) vlAle IS 2AE7] $iste LDPE(Uow density polyethylene)d® £ 5}
PP(polypropylene) 2 &< o] &3l AB 3 AXYZE 18CoAN AZsS 3
T e, Aex g A%, 327 2 YA3FF As5E 24590

Ax AR YFL volazy Az R d5HAx BT 23 Hds) 2%
Igtes AT FAAHA Zol= glded, ¥ZAA F PP 0.05m TEoA 7}
F TFe sy He Aoz eyt RS AXYFY ALE JF 65

o

¢ 2ASA dgkew, E2FA A AP E LDPE BE7 PP HEoN =
T HE9 FA7F 003me! Mg FAAM Rujgol A Zrtsle Aoz wEA
oo, 714 Rl &o] H& EZAE PP 0.06mY Aoz el 23 =3
TH F4AE L e gEo PP 0.05mm R A FoA FEFFe A}
7t AL AoE JEwt gHEe MEE HxAA4L PP 0.06met PP 0.05m
d5o2 ¥ AFor ZAELe) AlFe] HdxES EAXIE di=q)
e Aoz vewt AF 71Eed AR fo A5E A3 Ay AxA
T dATTo AEHA @gkon, FEF Qo AR & WEEFHF L

F7= PP 0.05mm Eo2 713 #Fo 40 dAld Aoz ey B Ay
Me dddez PP 0.05m IS AZAZE AFsted AFS ez 9dA
o

5. dB8Ax 47 T4 ML

A7) AR, fE5S AAED, AZAZE o8 AEALE NS 9
o 47e] FAL $AE 5+ Ae YHVAZYPY HYFTAL AwsnA SFAY.
A¥Ax 4B AxFFL 429 £8 F 9y L AH, AN, G
2 AxFHPoE AZTHE FEAZS vlojaznd Az BHe Adsgo
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Aol FEEZFE AqAFzT AA QAN L8 v 095%7F 7t
stRen, xR Fo o 8%2 FaHe Ho= el =3 A{HassE
e BHEE F2A713 Yxdde & 9IS vAA G Aoz Jeygon,

AABA ZRAL7E Frtsla Jx, HAx, FAT gto]l 25 713819
ARNerl i AHHE ASE § F JAY. dxLYPYUEE vlojazy &Y
dFA=x0 vl Ax R AUIAGe] A Aoz JERY F4 2
dFdd T A4S el AN 4z 2 log cycle, 1 log cyclee]l A
Qo olF ARFAHLE AMLEN £ ATFF7I 4 log cyclee] ZAHY R, WFF
< &AdE AMEEHC AYAxPAE HAHYTHL vAE AIFEH ¢4
o2 YEyn. a9 Az vAH 2 FERELEAAE vtolaRd EF
AR ye] d3AXEY HdHo 8 HAow YEgH.

o)
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