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Summary

I. Title

To develop multipurpose dry heat treatment machine for being nontoxic of

tobamovirus.

II. Purpose and Background

The aim of this research is the development of the effective dry heat
treatment machine that can sterilize virus completely which cannot be treated
with chemicals. The dry treatment is a method that inactivates plant viruses
in seeds by blowing high temperature air. This technique would be known as
providing mass production of virus—free seeds.

The use of vegetable seeds produced overseas has steadily increased and
now accounts for more than 65% of the total vegetable seeds sold in Korea.
Seeds produced overseas may often carry unknown pathogenic agents. Seed
certification requirements frequently reinforce the importation of only healthy
seeds. In order to minimize the unexpected introduction and spread of serious
diseases, an efficient seed disinfection method is urgently required. Seed
sterilization and other treatment methods have been recently developed and
are used to disinfect seeds contaminated with various pathogens.

Cucumber green mottle mosaic virus(CGMMYV) attacks cucumber, melon,
watermelon and gourd. Infection occurs through the roots from diseased plant
debris in the soil and other sources. Leaf distortion, mottling and vein curling
occur and fruit yield and quality may be significantly reduced. Since an
earlier report on CGMMYV incidence in Kyungbuk Province in 1989, there
were no further official reports on the incidence of CGMMYV in Korea until
1996. Severe CGMMYV incidence was reported in all the major watermelon
producing areas of Korea in 1998. The phenomenal spread of CGMMV was
due mostly to the presence of CGMMYV in gourd seeds produced in China.

There are no chemicals that can effectively eradicate viruses in growing
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plant tissues.

The dry heat treatment during 3 days at 75 C can inactivate CGMMV
effectively but shows low germination, increases heat damage and shorten
life-time of seeds suddenly and spreads by second infection. Among any
other reasons, one of the most important reason is the absence of proper dry
heat treatment machine. The existing machine control temperature only, but
relative humidity should be controlled for considering inner moisture content
of seeds. The development of dry heat treatment machine may be difficult
because Dakii company which is a large nursery company in Japan has spent
20 years for developing a dry heat treatment machine. The dry heat
treatment machine should be consider seed’s characteristics that is live. It is
very urgent situation to develop dry machine and should be used to
investigating overseas—produced seeds. At last exportation amount of seed

will be increased providing that Korean seeds are virus-—free.

IM. Research Content and Scope

Main research contents of each sub-project by research institution are as

follows.

[ Development of Multi-purpose Dry Heat Treatment Machine and
Establishment of Its Efficient Usage (Korea Environmental Control
Co,.Ltd) 1

1) Development of multi-purpose dry heat treatment instrument
a) Analysis of problems of existing disinfector instrument

b) Establishment of minimizing plan of micro environment variation
c) Development of medium size dry heat treatment instrument
- an automatic temperature and humidity controller, a humidifier, an
accurate temperature controller.
d) Development of man-power saving implement

- design of tray, automatic treatment process implement
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2) Establishment of efficient usage and institutional rearrange of dry machine
(Korean Seed Association)
a) Reformation of related institution
b) Demand on public usage of dry machine

¢) Demand on marking method of dry heat treated seeds

3) Development of multi-purpose dry heat disinfect machine
a) Improvement of pilot machine

b) Development of a large size instrument - 500 ~ 1000 ¢

[ Effects of dry heat treatment on seed and seedling vigor and

inactivation of virus by dry heat treatment (Kyunghee University) ]

1) Effects of dry heat treatment on seed and seedling vigor
a) Estimation of dry heat treatment(seedling vigor and high-temperature
obstacle)
b) Estimation of dry heat treatment(nonpoisonous of seedling infected virus)
¢) Understanding of safty treatment range according to plant and variety
d) Understanding of physiological and biochemical characteristics of
processed seed

e) Establishment of efficient processing schedule (seedling vigor and
high-temperature obstacle)
- high—temperature obstacle and seedling vigor of young seedling

- Provision of optimized treatment conditions according to plant and
variety

- Correlation test between virus inactivation and seedling vigor

2) Judgment of virus inactivation level by heat treatment (National
Horticultural Research Institute)
a) Investigation of seedling vigor by dry heat treatment condition

b) Comparison of efficiency between various investigation methods
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c) Investigation of virus density between pre-treatment and post-treatment
d) Comparison of efficiency according to treatment temperature and
treatment time
e) Investigation of seedling vigor between heat treatment
- Final Selection of test method and establishment of test technique

- Suggestion of simple fast test method

[ Study of drying and absorption humidity characteristics of optimized
dry heat treatment for development of dry process(Seoul National

University) ]

1) Development of a thermohygrostat and weight measurement implement
2) Development of a drying and a humidity absorption statistic model
3) Test of the dry heat treatment instrument for dry, dehumidification and
absorption
- To suggest several points and suggestion improvement method
4) Development of simulation model and approval
- Approval experiment of drying and absorption process by using

simulation model

IV. Major Results and Suggestions

[ Development of Multi-purpose Dry Heat Treatment Machine and
Establishment of Its Efficient Usage (Korea Environmental Control
Co,.Ltd) 1

At the result of this research, 3 type machines that is small size(180 liter),
medium size(360 liter) and big size(2000 liter) were developed by domestic

technology. The major results are as follows.

1. Because developed machine should be running at anytime(night and
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holiday) and the amount of money of processing seeds was an enormous

sum, double safety equipment was attached to dry heat treatment machine.

2. The existing dry machine has some problems, that is, un-—accurate
temperature control, seed stress caused by sudden temperature increasing and
absence of moisture absorption post-processing. The developed machine was
designed to be capable of controlling temperature and humidity by one

controller accurately and be programmable rising and falling curve simply.

3. As considering the temperature range(20 ~ &0C) and upkeep of
low—humidity at high temperature, the high pressure ejection nozzle was
adopted and designed to prevent blocking of nozzle, decline of humidification
and inflow of moisture particle by incomplete evaporation of adding water.
And another protection system was also adopted to prevent overheating
dehumidity-compressor by by-passing coolant to dehumidity-compressor
which is over some temperature level when dehumidifier runs to control

humidity at high temperature.

4. To prevent breakdown by high temperature, motor for internal air

circulation and humidity sensor were designed to attach outside of machine.

5. Internal air circulation was designed to laminar flow structure that has
uniform wind speed and airflow at any position to keep uniform temperature

and humidity.

6. At final test, the developed machine was satisfied to achieve the aim of

research and showed successful results.
At the result of this research, the domestic manufacturing of dry machine

is possible and can supply 1/3 or 1/4 price than foreign famous company (ex,

Weiss, Germany). However except for some major companies, most of
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companies were not rich enough to purchase this machine. For small
company that cannot purchase dry machine of his own, the government loan
which reduce his burden, installation at particular area (ex, bonded area)
were useful to reduce tobamovirus of vegetable seed and horror of CGMMYV

that takes in foreign gathering of gourd.

[ Effects of dry heat treatment on seed and seedling vigor and

inactivation of virus by dry heat treatment (Kyunghee University) 1

1. Effects of dry heat treatment on seed and seedling vigor were different
depending upon machine types, seed volume, cultivars, and levels of seed
maturity. Especially various cultivars showed different response to
different kinds of dry heat treatments; ‘FR king II' and ‘Partner’
gourds were tolerance to dry heat(DH) treatment whereas °~ FR Gold’
and ‘Power’ cultivars were sensitive to DHT and brought some damage

on seedlings growth continuously.

2. Controlling temperature at dry heat treatment, increasing temperature
gradually was effectively deduced the damage due to DH treatment. But
effect of DH treatment using gradual temperature increment was different
with seed volume, seed maturity, post-treatment, and duration of
post—treatment. Therefore recommended DH treatment effectively have to
be conducted in the condition of usage of tolerance cultivars and full
mature seeds, improvement of DH treatment technique, and conditioning

treatment after 30 day.

3. Seed germination was delayed according to temperature increment and
germination and healthy seedling percent decreased. The practical high
limited temperature was 75 C and below and seeds treated with 75C was
divided 3 groups in no damaged seeds, seeds that seed vigor was

improved by conditioning treatment, and seeds which seed vigor was not
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improved by conditioning treatment. The seedling of DH treated seeds had
shorter hypocotyl and wide diameter of hypocotyls. Theses characters are

desirable for healthy seedling.

. The duration of DH treatment at 75C was optimum for 1 to 4 days.
Germination percent was not affected at those conditions, on the other

hands decreased at 75C, 5 days and above.

The DH treatment trimes, DH re-treatment was not affected to last
germination percent and seedling growth, although early germination
percent was decreased. Consequently, these results showed that DH
re—treatment is able to conduct to post DH treated seeds and the response

of seeds to re-treatment was different with cultivars.

. The ELISA test for seeds treated with dry heat at 75 C, 3 days was
retained positive. On the other hands, DH treatment or water heat
treatment with higher limited temperature at 90 to 100C made seeds to
die, although ELISA test for treated seeds showed negative. These results
suggested that higher limited temperature at 90 to 100C and above had no

practical use to seed treatment.

. As seeds treated with optimum conditions (75C, 3 days) showed negative
for bioassay, this result provided the evidence that CGMMV could be

completely inactivated by DH treatment of the seeds.

Various bioassays using several plants were applied. Bioassay with
Nicotiana benthamiana was effective in view of its accuracy, confidence,

and efficiency in diagnosing the presence of active virus.

[ Study of drying and absorption humidity characteristics of optimized

dry heat treatment for development of dry process(Seoul National
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University) ]

High temperature dry-heat treatment is reported as an effective method to
sterilize the bottle gourd seeds infected by CGMMYV (cucumber green mottle
mosaic virus). The bottle gourd is broadly used as a stock in grafting of
watermelon.

The objective of this study was to develope an equilibrium moisture
content(EMC) model and thin layer drying model of the bottle gourd seed,
which are necessary for design and utilization of dry-heat treatment
equipment. The bottle gourd used for the experiment was FR-King—II which
was imported from China.

EMCs were measured by keeping the seed sample at four different
temperatures(20, 40, 60 and 72 C) and five relative humidity levels(5, 10, 20,
40 and 60%) which were made with different kinds of salt solutions. Drying
tests were made at four temperature levels(30, 45, 60 and 75C) and four RH
levels(5, 15, 30 and 50%) with a laboratory scale dryer equipped with a
drying chamber, herter, humidifier, fan, load cell etc, which was designed so
that the sample weight could be measured automatically and continuously in

the drying chamber. The results are summarized as follows:

1. EMC curves of the bottle gourd seeds showed S-shape like those of
seed grains and Chung-Pfost model was the best fit indicating multiple
correlation coefficient(R*) of 0.9941 and root mean square error of 0.1692. The
EMCs obtained as the result of the drying tests could be predicted with

some errors by the EMC model developed at static state.

2. As the result of applying the five existing grain drying models such as
Lewis model, Page model, Wang model, Approximated diffusion model and
Thompson model for developing a thin layer drying model of the bottle
gourd seeds, Page model was the best fit showing R* of 0.7497 and RMS
of 0.2796. Further study is recommended for finding more accurate drying

model.
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THSE9 FR 10000 55 o83ttt AdAg o2z 5y 22

al
g0z Rt 474 Aesg,

7h 2% R FE AdES =AU AEAT

35CoNA 24 AIZE, 50Tl A 24 AlZFe] A A g
E A F 2EE BCE ASAA & AgE 7 § A7t dssHgds 7
Z1el A w2 A WA Gar FA A AA DS o] &3t A AE] WAEREE
WA A TEE 24 A7ESe] TS Al W et (dry

olo HlEIA AFE Aol &= 5ol F 35CoA 50T, 17
A TR A5 W dPelA e o] B oJUE ] Hol SEAE &

AL AR Ejbell AR R MAE oA ord 54 2EASE HAS
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= A E 7R o® star of7le] g At FEEHUA devtss FUHe
Az Este] ZhzE A3k old wrt =g npep o] FA A

71717F 14 ¥olojx BE AH2lE 2L 7|FS ol &3te] AT At A As)
A Fetar ZHzE g 7)71E ol &ste]l A 4 Hrel] glojx
T Ae) va] AgR dolZte s &t

£3589 Y Seminis Korea®] ‘KR King II'9}
Power' (& &b 28] F$(1Fo] )¢ ‘Partner’' & 3ttt Fol 1 ALGH
71Zkol FEHW FAE vAl AP o WA S 3 AA FFES AIF
silica gel®} &7 air tight plastic boxol &3t 10-15C2E FAH+= FAHEH
Ao A DA 7 7F Wx89tF7F Anchor germination paper B 72% cell tray?l
ggete] FApdol % F RO AFAAHE AT A IES A&t xAbe)

ATt

ot
Auk
N
of\
ol

E

f
o

2) 4343 % uF

3 FFE FAEE oY o]F ‘KR King II'¢F 'Partner’ ol A= HAEAxg] ofF
e B mEakel s Bk obuet A FRe] zkolel thE FolAk AA
A gt S AUHes 2y stolde HFFTATole] Z zolE HolA
ortt. a8y ‘FR Gold' & 'Power' = 7AG Ao wzs A2 Ads xpo

=)
£ Homg A= Aezte] dAF AolE Hl Power'd AHATE 5

o,
rot

o

= 2% 1olA BAA QD ol A Kool FAglo] HlejA Z7|EobAl=
|31 HFWolg M= FA ol H& tdts] stopd AdA el s
A wBY FFoz yeiuk=d o= 719 Aol w9 AR Aol
Itk (o] 5, 2000). A EHA A= Azt 2|7t 714 JiEE A

A7 Toks R WopAel M B FdhsdH 58] 27|EokEoA dAT Aol

Q o> i
%
(o3

N

o

>

2 ek 29y d&adsel oee e AL Power of wahd
S oaw Aowe waA txAlAY (data 4. oA @ AW FEE A
3 AT 24 AEvont diEE AdAe WHag Hasd + 9
ge Ao Fu gtk AuHow AAAY ATl AP FHAY = o
SbA AT} ol ol (RkFE ) @S wolgrtE FAY|HE 309 EE L of



de At olg daTol A7s FiaE= @84S Hol=H Partner’ (L
1

b= EFFol wet

100

90

80

70

60

50

- ®- Con
——DHTA
=-DHTB

40

6 7 8 9 10 11 12 T —

e

a3 27, AdAYzA wE Power e AL -
A7 urolg, e —

B2 FF AT FURW FA FAwel W fE A4S

ol Al dol-& A4 % 2+ & ahu = Skl & _

il R A F
A (%) (%) (cm) (cm) F(ecm) | Z(cm) A3
2 2(Con) 55.56 100.00 5.09 3.04 7.65 3.84 2.49
A 2 (A) 29.39 47.50 4.76 2.90 6.36 3.17 2.08

dF+A A YA B) | 3889 70.00 4.88 2.92 6.20 3.83 211
GAA 2245 (C) | 2917 52.50 4.51 2.74 512 3.53 1.76
¥ v (mean) 37.50 67.50 4.81 2.90 6.33 3.73 2.11

sl Mok e A/ E A% B4R 4EF A,
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% 2. 'Partner’ ¥F £
T2, AAAF 9F, AT DA

FAe) AGA o] uhE FAwol AHl(HHH FAY
2 30

(FR King ID¢} <3t #FF(Power)S
65, 70, 75, 80, 8T = 3d}eo] 2001 =+
Abgstel A st

FAEFCoZE FR-King I, ‘FR Gold, ‘Power’, ‘Partner % 4t

~

—

=

LR 33Uzt AYsigien AL ¥ él‘?éﬂ%ﬂ *J%Oﬂ/ﬂ 247 FHA F
oAl 0Y, 4598 AU 72 cell trayel HEsAEH 13 T AT
2002. 3. 23~4. 3ol omn 2xk FFAH-E 2002. 5. 6~5. 20°] A A|SHH
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2) 4923 2 nF

detEEe] wE FApdolw i 2-8% 17l 3ol 7ttt Mol ok WA A
A gk ‘KR King I dlA el AxE B (£ 2) FA o vlstd fFHe
shuf&o]l oA Axe] JFTS HS W ofud AldAx FA el
Hlate] oA de atolE& YERUAl &t o] ARe wotxgio] EEd

2R = 2 Aol (£ 3).

gy @A e ta w3EE FR Gold odldE #dalgl A ulelA
H| 2 60T 9o A= ol Foll= fFoavt fiddet= A
FEEAA Th volx = A4S Holdth (& 4). ol#g A= A otz

Aol BsE 240 GAAE FASHAT (E 5,

I 2 7A9A4g Asexd ©E ‘FR King II' ¥rExte] ol @ G485 A5
1=k 38 A3 2002. 3. 2374.3)
gt 24 AR shalEA A E(%) wholg H A= 1070 A)
(C) (cm) (cm) (cm) HAY HEES AAdE (%) /MAF /10
Control* 9.9 5.4 45 6.9 14 889a 98 155 1.69
60 89 5.1 39 2.8 28 767 a 894a 134 157

65 9.4 5.4 4.0 9.7 5.6 764 a 8.1a 133 160
70 9.2 5.2 4.0 8.3 14 80.6 a 839a 129 155
75 9.5 5.4 4.2 6.9 4.2 889 a 958a 147 166
30 9.5 5.3 4.2 12.5 14 8l9a 944a 145 169

*Control=5*] 9.
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¥ 3. A9Ae 2wl mE FR King I WExe] ol @ fu A%
2238 A3 2002. 5.6 ~5.20).
Aot 2 A e AAHE 8 (%) wholg HAZ= 1070 A)
HAY 5SS AAE (%) /A4 /10
Control* 114 6.0 5.4 56 1.4 778a 833a 193 233
60 10.1 56 45 4.2 2.8 778a 819a 154 1.82
65 115 6.1 5.3 2.8 1.4 722a 75.0ab 2.09  2.60
70 9.6 5.2 44 4.2 42 569b 61.1b 142  1.70
75 95 5.3 4.2 97 8.3 431b 52.8c 143 1.78
80 8.4 45 3.9 6.9 6.9 444b 5l4c 114 125
I 4 AdA Aeterd wE FR Gold ®Exbe] wol @ HH A%
12k 3 A3 2002. 3. 2374.3)
Aot 23 zAAF e E ANHE(%) wrolg AA= 1070 A)
ZF HAN HEEST AYE (%) /A /10
Control 114 6.0 5.4 4.2 1.4 0.6 847 197 208
60 105 57 47 139 56 667 806 176 194
65 105 56 4.8 139 2.8 708 847 161 180
70 10.1 55 46 16.7 14 583 750 155 168
75 104 58 4.9 139 4.2 569 708 171 194
80 102 56 46 16.7 6.9 583 750 164 183
X5 AdAY Aeere 2 FR Gold ¥=Exte] wol 2 31 A&
(1xka3 A3} 2002. 5.6~5.20).
Fete 2 A s AN HEE(%) wolg A= 10714
H AR 285 AAE (%) /MAF F/10
Control 122 62 59 1.4 0.0 736 750 232 245
60 126 67 59 8.3 1.4 722 806 2338 272
65 123 65 5.8 125 56 694 819 246 271
70 123 64 59 2.8 0.0 66.7 694 248 270
75 125 65 6.0 56 2.8 569 625 247 262
80 1.1 60 48 8.3 56 514 597 194 209
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o5 FFol nlste] AFF 4do] F3E Partner’ FFToE AHAT Aol A

gAY ol BEolw AUAYUA PRI} mohHol welA wWobg,

REY 24, 494, 191 AAREAN FRLEs) vdstel AdsaF
Fol Z7Hbe AT & AT (E 6). 0T Avs wol@ge] FA T

=5
[@))
=~
e
ik
oz
r U
rlo
[y
2
=
i
z
=

o)

=

=
ofN
_|>i
Lo
e
o
SE
o
fd
oZ,
Ho

FeE 2 A9 shisA 4B &(%) ol HAFT 10744

N AR AAE (%) /AF F/10
6.9 55,6 667 144 167
60 9.7 4.8 4.9 125 9.7 631 806 123 142
65 9.0 4.8 4.2 8.3 5.6 486 569 124 139
70 9.2 4.8 44 6.9 2.8 417 486 129 135
75 9.4 4.8 4.5 11.1 4.2 486 997 123 139
30 8.6 4.7 3.9 11.1 6.9 403 514 079 137

of W& Partner HEAE] ol B FE A

dE2E 2 ALY SSH B HEE(%) Hol& HAF 10704
HAgd AEes A48 (%) /HAF F/10

Control 108 5.4 5.3 14 0.0 4177 431b 1777  1.66
60 9.2 4.7 45 181 9.7 222a 403a 096 144
65 10.2 5.4 49 111 5.6 34.7bc 45.8bc 170  1.79
70 10.2 5.6 4.6 125 8.3 256.0c 375c 128 195
75 8.4 4.4 4.0 12.5 6.9 264bc 389b 096 114
80 10.9 5.7 5.1 11.1 6.9 36.1c  472c 167 210
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Aol wol 3 RE A%

=5
oo
AL
e
2
AL
o
ok
rlo
ki
=2,
k)
i
av)
@)

=

@

=

_]EI.‘.

FReE 2 AGE shilsA 43HE(%) Holg HAFT 10704

HAG AE5Ee AGE (%) /iAS F/10
Control 128 6.0 6.8 125 14 639 764 228 240
60 133 6.0 7.2 26.4 14 486 70O 236 2.4
65 115 58 5.7 2.8 2.8 486 514 190  2.09
70 121 6.2 5.9 14 0.0 264 218 219 246
75 11.3 55 5.6 139 5.6 333 472 19 134
80 119 538 5.9 6.9 2.8 528 997 213 222

o

zkzte] FEFEEA S Hol& o AAIA Wsh= ¥ 304 Holi led gt
=7} =olge] & wolxdd AxE FR King oA 7H4 @wkslgla o
'FR Gold’ , & Fx}o]¥ ‘Partner’, 718l i 'Power' ¢ 2 &2 YELA

S Aasdt Az ARG S 2ol FAh

o

==

4o do
S
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Partner97
§ —e— Control
: —=— DHT 60
: DHT 65
g ~—— DHT 70
g —*— DHT 75
: —e— DHT 80
(5}
1 2 3 4 5 6 7 8 9 0 11 12
Days after sowing
FR-Gold
100
90
80
®
H o —e— Control
g —=— DHT 60
g w DHT 65
E —— DHT 70
5 . ——DHT 75
5 —e— DHT 80
(G
20
10
0
12 3 4 5 6 7 & 9 10 11 12
Days after sowing
FR-King Il
100
90
80
®
H o —s—Control
s % —=— DHT 60
g 0 DHT 65
§ -~ DHT 70
; w —»— DHT 75
8 —e— DHT 80
5}
20
10
0
1 2 3 4 5 6 7 8 9 10 11 12
Days after sowing
Power
100
90
.. 80
®
H . —e— Control
g ™ —=— DHT 60
5 %0 DHT 65
g —— DHT 70
g . ——DHT 75
5 % —e— DHT 80
[0}
20
10
0
1 2 3 4 5 6 7 8 9 10 1 12
Days after sowing

a9 3.80Ce weddA ) 49 F

ofN
lo
Jo
fd
%o
2

n A= &3t
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(a) FR King(F*2:80C DHT) (b) Parnter(F > 2]:80C DHT)

(¢c) FR Gold(F#2]:80C DHT) (d) Power (#2]:80C DHT)

a9 48009 neAGAY} 4% FF] FRAF v 13}
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o AdAE A&7 BE &3
1) A3As H ¥4

AAw= Ao Sol7ttete dA gl 2¢, A g 39, 22
FA P 1Y, =3 69 o]4do] A8 E Fo] 7Eojth aERE 2 AJd
oA e HEr|ihE 39S Vs o® st 474 1, 3,5, 7
AZFS AP & vl FAYE tetal ols A AR7IFE 093 4Hd=
o] 242} TGT(thermogradient table)W, Anchor germination paperE ©]-83}4
Aupdol Bl fFREH FrPEIES AT FA 2AHAM = 72% cell trayol
MR AES 9a 247 4 3WtRo g AYste A3E Aysh
FTAFEZFoZE FR-King I, ‘FR Gold, ‘Power, Partner ¢ 4 FF5 9]
gt om, 7 FFo FAS dPA YR BT 2= 1, 3, 5 79 A8t
I ET FA TS vastith. ddAE F FAE ARAWY Aol 2
A7t 5 F 0Y, 4595 72 cell traydll IT+Fste] A = 13 520
2002. 2. 18~3. 4of], 1831 23 FFA TS 2002. 4. 6~4. 18 z+7} A Ak
ot 71EF AT AF 110 A9 2ok

2) 4¥d43 4 1%

ADA Y A&7 o] wE FAbdol 542 29 50 ®eoja lth AL A

e we| Al 73kl PR RE FFA Mol Aele] @A A4
21t
WA 1-39 el vste] 569 AeAAE 1 Folsk Hal A ek

d ‘Partner97’3} 'FR Gold' oA 71 Astdom Power ol A= thets| xjo]rf
Zith. 28y FR King 'l A& A&7 & @A zpo]& Holx| &%
=
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Partner97

90.0
80.0
70.0
2 60.0 ————Control
s
e —&—— 75-1day
C 500
2 - - - - -75-3day
@ 40.
= 00 — - ¥— - 75-5day
g 30.0 —%——75-7day
20.0
10.0
Days after sowing
Power
100.0
90.0 —
]
g 700 < ————Control
B [ m T e
g 600 < 75-1da
/ / ”
c h
S 50.0 --- - --75-3day
g [ F - /)
£ 400 / 5 / / 75-5day
& 300 - 7 75-7day
20.0 - v
10.0
0.0
5 6 7 8 9 10 1 12
Days after sowing
FR-Gold
90.0
80.0 == —
70.0 s
©
£ 600 ——e——Control
S 50.0 ——&—— 75-1day
g <. - - --75-3day
S 400
§ —————75-5day
& 300
/ ——%——75-7day
20.0
0.0 LK X‘KA‘—‘—‘—‘—‘;
1 2 3 4 5 6 7 8 9 0 11 12
Days after sowing
FR—King Il
120.0
100.0
2 ——~control
3 800
e ——8——75-1day
5 600 - - - 75-3day
3
£ ————75-5day
g 00 ——%——75-7day
20.0

Days after sowing
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FR-King Il

1200

1000 "
~ -
% 800 = ,ﬁ.x —* | [—e— Control
5 600 // S |- 75-3day
T L ——<—75-5day
g s
E 400 / ; —%— 75-7day
[0} .
[0} K

200

00 AWM—A—A—A—A—A;

1 2 3 4 5 6 7 8 9 10 11 12
Days after sowing

a9 5 AEAY AETe mEs AAH FA Eo}

2. AdAT 947} FAdol 9 FRBGd MAE 4P
1) A¥As ¢ ¥y

AN ALETAE oA AdAE F FE
T #JA A gk Aol A wlolef 2~ HAWHl ELISAZE ol& ¢l
H % 9o A el CGMMV el A= o] @A
AEAYE sgs Bddstd CGMMV7ZE Exkle] 1@ dolA ELISA

FdNrEs HolAl H7] wFolth(Kim and Lee, 2000). ©] A a3 A+

Mol gl Aot

Fgetw o] 100% AAY FE gl 2T

o
=
7 2e FE 9k F9h B3 AT Ao A oue g AFT

pul

ro
o

-

Fusle] AYss 49 %
Uul FAbel AgAel ol @
&

M= NFe ddA
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271715 ol&3ste] LA

o AgE FAE] wst

gl 345 0, 1, 2 2 33 wkEste] Agste] A3sA
o] = wolg, ol
S A#% : FR-King II, FR-Gold, Power, Partner 34 4% %

Uk 0 ERE 72T 9 XA Control, 13], 23], 33] =73t

A2l F Ao Al 297 FH5F 0, 149 28Y, 6047 At 72
cell trayel ¥£3ls AdAels 49 Adxe|z=d 24(35C-24 hr, 50C-24
hr, 72C-72 hr, 50C-24 hr, 35°C-24 hr)s}%it}.

12 9+%(2002.4.25~5.22), 22+ 34%(2002.5.9~5.16), 32+ 3}%(2002.5.23~5.31),
42} 34(2002.6.24~7.1)

FAwol W REEHS TAGAF wet ofesh o] xAbshgit

7hH AW olxzAbrlE 1A =RE ). Aol =3

Add FAZEYH SHRY F588 Hrls 72 cell trayel IAFE wEA
A

N

WEae AW FAHEGEZ 5-10d2 Ago] o3 Aoy S
of oA Fxtel FHe] 1d% 74 @e A57F LAStERE o]
g Aot iAol AlFed 7 MR oR = Ao RE ATk A
A4 S8 AFA APAA BrlsenR wstE A (EufE) HEr)Es 485t
of TAldulel HlawA Ags] Frhsk=d(FH o], 1998b; AOSA, 1993, ISTA,
1993) =, n2uss $AxAS Fol dAe] A5 10¢ A= Ag= 1099

e dE-wE Pt sbestth 3 oUW wHoR AdANN FAd &

»EY

[>
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T X 994 Holx Fxrol= AR B AAAH o FHF o}
Folv= #Eo et 1 wvkgo] ZEt 'KR King II'$F 'Partner’ ol A& 79| &
o 9} 'FR Gold' A E thik ZAwol&S AsIA| AT, 28}

AgSRE WFe) T PFE Bl gobd AF Lol A% AAAAYE

Agol 3 Asge AAd Tt 244 Amold. 1oy EFEW E4
Aejel weh 1 Agelt i %S Jehe el =@ "Aastti pusg

= Z2dg ] &A% B35 bajswj 'FR King II'ol A= Adxe 34

7F 237 A= FAE T v Z7]Eop(wE2d F)nk Sheke ¥ O o] foll=
sdstn 28y ddAEE 33 A5 HEsile W 39A9 dotax u
ObAAM A Z7IEolE AA FFES LUT 2 3T 4Y o] Foll= WtF

M
o
i3

ofste] Erob& Aol oAt T
TR Gold'?lM= ALA 2] 357t S7hekel we) 7o) mlgso= 3t

48 AL BEOIL BF 7Y Fo| WolgolAE FAelel wske] 10-20%9] %
&8 ng ey 33 A% ASHGE 0% o ¥l wohee FA%1 9
oA HEA HolEAE Afae Agdt Agae] TANL 9 Ao B

‘Power' ol A= 7F8 A3 AdAg 8%
ofejA HFwolg 7°] 4 2 FoEe & JE BoAA LA
g5 ALs7lele FAFS FToE FTEJ. ojn o] KA E(o]
5, 1999) 'Power' &= AE FalE 7P A Hole FFo2 Fid vk o

s
oL

=7F vEbst=dl 33 ASA gl

rE
n
il

‘Partner’' = H<& FXo| g = EFstz a8 oz 'FR Gold 9 FAFSH
AeS B dAgel vlawA 73 FFdel dFTHUY F AMHAEAHEE S}
et & Aol glo] 282 & ATk
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¥ 8 ALY 35l wEE vk Fxe HAF o},

=& A 2 14 2d 3d 44 5 6 7Y
FR-King Control 0.0 80.0 96.7 96.7 100.0 100.0 100.0
I DHT 13] 0.0 26.7 90.0 95.0 96.7 96.7 98.3
DHT 23] 0.0 13.3 86.7 93.3 96.7 100.0 100.0
DHT 33 0.0 0.0 70.0 90.0 96.7 100.0 100.0
FR-Gold Control 0.0 60.0 86.0 90.0 92.6 92.6 92.6
DHT 13] 0.0 10.0 65.0 81.7 81.7 81.7 81.7
DHT 23] 0.0 0.0 58.3 76.7 83.3 85.0 85.0
DHT 33| 0.0 0.0 26.7 51.7 65.0 68.3 71.7
Power Control 0.0 51.7 98.3 100.0 100.0 100.0 100.0
DHT 13] 0.0 3.3 56.7 80.0 88.3 91.7 91.7
DHT 23] 0.0 1.7 53.3 717 83.3 88.3 88.3
DHT 33| 0.0 0.0 5.0 18.3 40.0 53.3 61.7
Partner 97  Control 0.0 65.0 93.3 93.3 93.3 93.3 95.0
DHT 13] 0.0 0.0 82.6 87.6 90.0 90.0 90.0
DHT 23] 0.0 0.0 66.7 86.7 88.3 91.7 91.7
DHT 33] 0.0 0.0 18.3 53.3 73.3 76.7 80.0
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29 6 ALAYSS7E FR King I whel f8 A%0) vAs 4. ek
2 ), FULT 3F), FHBAF HF), FFE0LTF HF). AIFF
Azie RA, 18 A9Ae, 28 ALA, 35 ALA .

2. Ao IE violdlLs =2dst 48

2 7HA AdAE 2AEE Aloly 2~ EEAS AxE HAANAY T HA
e CGMMVe] tigh wlolelx~ EEAH AAHSR F2 amaranthust}
Nicotina benthamianas ©]-&3t3lth. Hlole] o] Xthe] ALg ¥ = WHow+=
FANE, FAAAGE, vpolef s FHf 2 AZEW EAEA 5o o] =)
B Aol A= wpolel s 2dAstE Skl A

T AT

g
fol
&
il
N
o,
[0
rlr
é
N
I
ax
o
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7h ALAE £1dE vol s 843 A= B

D A3 2%

teFet A dxeld v FAUe] CGMMVE  ELISA HAA 2z A2
 FaE 48H S AbEdlo] DAS-ELISAZ At CGMMVel @ 45 A
a2 B T4 FRE 2 02%91oW, A FA FHE gholl 3u) o)t &
g FAETeos sttt of AFelA AbgE H FAE dfHow

CGMMVE HFEFsto] AZ3 2 F 100% Hiolz] 2o 299 FAE A3}

it

N

Ak ol FA4E AL 2 wd ATl £ErF 2ol wel ELISA §3%
06 vl FA i F7}
She 43¢ Btk B A AT noh w2 A elA olsh g FFe

AASA detwtoen, 53 90T 100C <2 AZTodds 96% ol

°

ELISASIA 438 nath ol2e e A vholelx ¢xte] 24 o
spolel 2 ssumge] F2A WYOR &9 A47] (epitope) Ml whet
A A W A FUHE, 3 dALe] mE vpole s BAYY @ <

oJ
Aolth. AL Azl +AA A ELISA §%
AG7h FobAE 90 Fapo] Faw vlolzse) AR Lojg AAwo] o

3 wpol 2o WAl AGAE ok golsl 4§H Aow HeAL

o2 Agem e S

E 9 A8 2 dEAg FR King II #&=}e] ELISA ¥H&-7d.

Lane 1 2 3 4 B 6 7 3 9 10 11 12

A7 0.459 0.632 0.583 0.605 0.625 0.632 0.589 0.596 0.645 0.497 0.538 0.454 0.571
£

o

It

0.572 0.604 0.612 0.926 0.617 0.672 0.686 0.660 0.628 0.649 0.572 0.531 0.644

0.476 0.329 0.448 0.484 0.450 0.338 0.447 0.436 0.578 0.491 0.272 0.346 0.424

2z 04370524 0.483 0.507 0.462 0.390 0.538 0.455 0.462 0.458 0.380 0.380 0.456

ELISA Plate Reader value % (Check = 0.186 ~ 0.207)
TAE FAE AYHFTOE 100% HAH FAIUS.
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= % 9049 Pol FAee ELISA 4ol nlshe] AdAel g shrieh=
ODgtel 433 B fAHA AnREo g2 F F ool A

1
o % AGAY FAGE AAER 20 of
[e3]

o
o
@)
)
)
o
T
£
>
e
Jhu
o
ultd
wu

o5 FTAZHFH ELISA b

10. CGMMV S Zzt¢ A9 9 59 gy nlolg 2~ &4 AA

=5

ELISA OD 405nm &% A4+ HY )

Ay AEFA(H)

x<0.6  06=x<1.0 1.0=x<15 15=x20 20=x
oA 48 0 2 2 10 34
A4 50T 48 0 2 14 18 14
60°C 48 1 9 10 17 11
70C 48 3 10 18 7 10
80°C 48 6 30 12 0 0
90°C 48 11 17 10 9 1
100°C 48 25 12 11 0
F4° 50T 48 1 7 13 5 22
60°C 48 0 3 5 15 25
70C 48 7 5 4 17 15
80°C 48 14 12 14 7 1
90°C 48 47 1 0 0 0
100°C 48 46 0 0 2 0
&k Fx A uhEae

“oo1de] AER 100% CGMMVel 2% =ub o &=
ELISA OD #< 02902 A% OD #x32 %4 whs (06 ooz A,

ALY 50T 2 65T AT 35T 24 AZE AAE Fozhzhe] Lo A
2 AgE sgon, 70T, 80T, 90C 2 100C HTE
Aelek § 47 exd 2ALE 39S

© 59 HAYTE A7 exo] w24 B Y 24 A A F 43 o

i
A% e ()N AzALS.

o
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T8 A7E 2okt & 10914 “x<0.67e &3k EA7F ELISA o2 7
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CGMMV7F 100% 2 9¥ wrEats didez 50C~100TolA 2hz)

10C o=z 1AE 2 F4E AHgste], o] nlolgixe AEH A4S
Nicotiana. benthamiana®| “4&3te] AASFAT. 387k mleolgjx A
ZAF - AE HAS o] 8 ol A FAE 95t AEAYEZTE dE
A 9 Fuld B2 o] g5le] gk 5 ouby ZHE ol Mol F o A

g

ol ZHRAYS o] &3 ANA HEFS St HF 5 A ol &3
5 AT (2" 79 AEHE % AuE A Fgx).

CGMMV #4F A= Seminis KoreaZF-El 2000 ol FF=o] AEHA
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A AEED WEA HES BRs] HFdw wFAt 3 1 WP
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5. A9AY %7k FAsHelE, 3 AALANE drinE NS qelE F4
of Z7|Webe F& thh FasEAW HFuolst FE AL T GFE W
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AL gtk b FAbE & /4% 7] FE el Ad div] 2u) o]} Fste] o
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Henderson(1952) 222 Gibbs9] S5 W A4S o] &3t

PR S AR I S O

(1978)= 117) E=Z9 vl 3+ Henderson 299 w7l 4E AA 3 vp Qo)

al
L g Az AlEHoAS A5 YA Thompson 5(1968)2 Henderson

o

¢

1 — RH = exp(—Ax(T+ C)xMP)

°1714, AB,C= &

Feldo]Ea FEAAel V|xE T SEd 259 FAHEY] H S

S o =357] ¢ste] Chung® Pfost(1967)e] <¢J&] 7§2¥® Chung-Pfost =&

n(P,/P,) = [-A/(R- Tp)lexp(—B- M)
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| HE] 27t dAEAI20, 40, 60 B 72T) FAHEE SATHLEH 2.1).

Table 2.1 Relative humidity (%) of various saturated salt solutions

. Temperature(C)
Salt Solution

20 40 60 72
Lithium Bromide 6.61 5.50 5.33 5.20
Lithium Chloride 11.31 11.21 10.93 10.51
Potassium Acetate 23.11 - - -
Potassium Fluoride - 22.68 20.77 22.83
Sodium Todide 39.65 - - -
Magnesium Bromide - 49.66 49.66 51.43
Sodium Bromide 59.14 - - -
Potassium Todide - 66.09 63.11 60.97
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Plastic containers for EMC measurement with salt

Fig. 2.1
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Table 2.2 Equilibrium moisture content(EMC) models

Model

Equation

Modified Chung-Pfost

EMC =

E—F*In[—(T+C)*In(RH)]
Modified Henderson

_ (1 —=RH) ;~
EMC = 0.01[ —K(T+C)]
Modified Oswin EMC = (A+B*T)(— 5 1 )N
Note) RH : Relative humidity(decimal)
T : Temperature(C)
A B, C E, F, K, N : Parameters
L, 23 2 nE
) 2-F5 27048 3358 A 279
HR23)E 25 477 AUFE 55TdA SAE ¥ FAe] FFTFE0]
o, 2% 22)% Fu T2 25 HYPFFES YERA Aolth B ATl A
Az s dd7E 7S AFEeAT
29228 23 ot A g FAhEd AR 2R gE g



FUHEE7E S7rEeE HddrEe #tol AA= A sigmoid)o] Ue&

5 oglow, eEsb dudoR FuE wt wrERe] PPPFE W
=

AR wEAe] dd Axg 9 EAE Egold wola T20CelA 724 7F

A= Agsforsts Ao B

)
=
¥0,
auj
of
ofl
i
-
o
NI\

A7) olshA ek

ar
BdUlsEE AlolstA @S A 720C8 HxIFTIA wEAY &

1.0%(d.b.)ol stz "ol Zlo

el

Table 2.3 Equilibrium moisture contents of bottle gourd seed in

temperature and relative humidity

gtk 3 Ad AP ¥ A2

=
0~60%)°l A Z713F WA 45 FFeS 65~82%(db)d =2

(200C, RH
& Aew #

Temperature (C)

Relative
Humidity (%) 20°C 40°C 60°C 72°C
2.79 1.94 1.65 0.73
5%
[6.61%]° [5.50%] [5.33%] [5.20%]
3.45 2.79 1.24 1.01
1096
[11.31%] [11.21%] [10.93%] [10.519%]
5.10 2.94 2.61 1.90
(0}
20% [23.11%] [22.68%] [20.779%] [22.83%]
6.74 5.76 4.92 3.99
(0}
A40% [36.65%] [49.66%] [49.66%] [51.43%]
60% 8.16 7.50 6.24 4.88
¢ [59.14%] [66.09%] [63.11%] [60.97%]
note) [ ] : Relative humidity by Salt solution
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EMC[%,db]

20 35 50
RH[%]

—-20C ——40C —A—60TC —%-72C

Fig. 2.2 Static equilibrium moisture contents at 20, 40, 60 and 72C.

65

20 40 60
Temp[C]

——5% - 10% —&—20% —%—40% —%—60%

Fig. 2.3 Static equilibrium moisture contents at 5, 10, 20, 40 and 60%.
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F24e A (Akritidis 5,1988), 14H(H, 1992), L5(%, 1986) ¢ #H
FFF e U Fe WPAFRS MuG Ao W e PPl
F2ol el Ree ¢ F Ak

Table 2.4 Comparison of EMCs of different agricultural products

Equilibrium moisture content (%, d.b)

. Pumpkin . Bottle
Temp.(T) RH(%) Ginseng Pepper
seed gourd seed
20 5 4.34 — — 2.79
60 40 5.295 6.52 6.39 492
60 60 8.085 — 13.67 6.24

2) A4 #FFrE 45 22 AT

AT E 2Rk UlFES R olFolxl AAQl AdHi(static state)
oMo BHEFrE LS FAAL WMo ZAAGY fste FAsE 29

Ab& 5= SAS(Ver.81)9) NLIN PROCe] DUD #4S Aestich. vF F219]

BRI E ASERAS BEDAN ANE A 2de dgsaon 7 o

O
juisc)

waol IAAF, AG4AT[R2 2 RMS error &< (25 AASEATE Al
mdol AL R29 RMS error(root mean square error)S Abg3slgloen,
A= Chung-Pfost ==l Z$ R?*= 09918, RMS error = 0.00210,
Modified-Henderson®] 4% R?*= 09540, RMS error = 0479 o],

Modified-Oswin 229 %= R?=0.9576, RMS error=0.4586°]1tt. R2¢}

RMS error2 7} 2de] A5S vlugt A7 vt Fxio] A HFTFES o
de A el Fo A Chung-Pfost Edlo] 713 A &sl mde]
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Table. 2.5 Estimated regression coefficients and root mean square
error of Chung-Pfost, Modified—-Henderson and
Modified-Oswin models

Para )
Model Estimate R2 RMS error

meter

E 0.1707
Chung-Pfost

F 0.0297 0.9918 0.00210
Model

C 17.4421

A 0.0899
Modified-Oswin

B -0.0006  0.9576  0.4586
Model

N 0.3970

K 0.000371
Modified-Henderson

C 7.3365 0.9540 0.479
Model

N 2.0503

a9(24), 25), 26) 2 27 2EEE SAE I JidE A

EERE RS

ol
oft

e HES W Aot 4¥e B
&3t wao] oa) el Zg gkol 20CAA g Fol7k A, 40T 0TAA &
A7k AAE AL B 5 Atk RCANE ARG ST 4 gugEel w

g A2 F 2 60%o A L3 F& B 4 dth Modified-Oswin 23

o,
of

L

S AT BPT5E S 2 dFst= Ao 1A Chung-Pfost =43}
Al Modified-Henderson =23 Modified-Oswin E & oA & # oA 2
SHE F A Fete Aoz HRT oo ANE FTHSH oOF RdS A

A 7bg & wEe AozF Ho|lw, Chung-Pfost REd< AY3 F nde

Modified-Oswin =2, Modified-Henderson 22 o2 1 o X9 A% F
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5 10 20 40 60
RH[%]
B Measured Chung-Pfost — — — — Modified-Henderson - - - ... Modified-Oswin

Fig. 2.4 Comparison of the measured and predicted static equilibrium moisture contents
of bottle gourd seed using Chung-Pfost, Modified-Henderson and
Modified-Oswin model at 72C.

5 10 20 40 60
RH[%]

B Measured Chung-Pfost — — — — Modified-Henderson - - - ... Modified-Oswin

Fig. 25 Comparison of the measured and predicted static equilibrium moisture
contents of bottle gourd seed using Chung—Pfost,
Modified-Henderson and Modified-Oswin models at 60C.
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5 10 20 40 60
RH[%]

Chung-Pfost — — — — Modified-Henderson ------- Modified-Oswin

B Measured

Fig. 2.6 Comparison of the measured and predicted static equilibrium moisture
contents of bottle gourd seed using Chung-Pfost, Modified—Henderson and

Modified-Oswin model at 407C.

10

EMC[%,db]

0
5 10 20 40 60
RH[%]
B Measured Chung-Pfost — — — — Modified-Henderson - -- - ... Modified-Oswin

Fig. 2.7 Comparison of the measured and predicted static equilibrium moisture
contents of bottle gourd seed using Chung-Pfost, Modified—Henderson and

Modified-Oswin model at 20C.
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EMC[%,db]

30 40
RH[ %]

50 60 70

& Measuredat20 C
— — Chung—Pfost at 40C
O Measured at 72C

Chung—Pfost at 20C
X Measured at 60C
— - =Chung—Pfost at 72°C

A Measured at 40T
- - - - Chung—Pfost at 60C

Fig. 2.8 Comparison of the measured and predicted static equilibrium moisture

contents of bottle gourd seed by Chung-Pfost model at 20, 40, 60 and

72T .
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Table 2.6 Comparison of EMCs measured at dynamic state and
those predicted by Chung-Pfost model developed
at static state

Measured Predicted

RH(% Temp(‘C
(%0) emp(C) EMCWbs)  EMC(dbos)

. 60 2.54 0.89
75 1.19 0.37
30 5.01 3.711
45 3.49 2.89
15
60 2.43 2.25
75 2.38 1.72
30 5.62 5.06
45 4.69 4.24
30
60 2.83 3.60
75 2.85 3.07
30 6.74 6.70
45 6.01 5.88
50
60 5.00 5.24
75 2.77 4.71
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Fig. 2.9 Dynamic equilibrium moisture contents of bottle gourd seed measured at
drying temperature of 30, 45, 60 and 75C.
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*

EMC[%,db
N

0% 10% 20% 30% 40% 50% 60%
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Fig. 2.10 Comparison of the measured dynamic EMC and the predicted by
Chung-Pfost model at 30C.
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Fig. 2.11 Comparison of the measured dynamic EMC and the predicted by
Chung-Pfost model at 45TC.
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Fig. 2.12 Comparison of the measured dynamic EMC and the predicted by
Chung-Pfost model at 60C.
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Fig. 2.13 Comparison of the measured dynamic EMC and the predicted by
Chung-Pfost model at 75C.

_’74_



<

(sp)

gp‘%)OIN3

A

75

45 55 65
Temp(TC)

35

25

‘ Il Measured EMC —a— Chung-Pfost ‘

the predicted by

Fig. 2.14 Comparison of the measured dynamic EMC and

Chung-Pfost model at RH 15%.

el AAlE Aol ot

Chung-Pfost

ﬁo

4
ToR
o

ﬁo

—_—

0

o

ol

o

O

)
o)l
™
Nr

—_—

o

ﬁo

wmo

Ar

oy

TR

AJm

)
o

vael

el ell M

W
B

w

—_

A

_’75_



7IdEdEA Hukill(1947) Azx37]dl ¢

i

Az =

1) o]+ w7

g

mo s 0w
10
o - mm el
. w 2R
K L
Aﬁ ° T = T o
p— I Y N !
oy AT ot OE T
i BN R )
&) = No T o= o]w o%
T ~ = L
e - M Mﬂ Gl _ﬁw oy ol
o & o N ~ o X o
o x ~ e N M R &
_— NN Ajm _ !
T S =3 ﬂw . s Mﬁ G
Ho M A o - Z C
T oAl 3o W oe T
mﬂ m _ m ~ Pg Xﬁ _vlue — m
N 2 % O o Y ° W
D) A, ) Y 8
o)) .m — ¥ T = o oy
o< O = e mooe MRy
-— X | oy . R ¢ T
) Ml A o} N A
wru o5 [ MR, - wﬁ T
- g ! i
W A W = oA MW - w7n
° B NP
o T M £3 W - ,% T 5 o
o N N w0 o+ R o W Gl
OME Oﬁ .. S HA_I ‘_lryl # 1 <
% . N Egiw
o o ~ 2 WA T
~ N Gl SL R
o) ) —~ o
R Ny 9% g
£} oy g
i ojn s Wo U 2 —
) i ol = < .m N
Az = o T
o ol o T B

3}

e

o

a9l

o 7 W =

A=
gt

]

vt AXAZE ko
£

TE
fell 7]
— ’76 —

S

19]

Py
=

MR = A-exp(—Fk-D

3 o] FAES] AxRYEA AL

H
=]

S

!
o el

MR = exp(—Fk- 9
A

°1714 MR 3}

3}
s}

=

=

e a7

T3 Newton?
5

=13

|

o



o714 A, k; iR

Noomhorm¥ Verma(1986)= H & A52 AXAYHsEo FALEARAS tlE
7 A A AALS ¢ v dern, Wang ¥ Singh(1978) % 4§
=g, SANHe /2E E 2l BASgor EANE AR
Glenn(1978)°l] 2] &}o] JNWHE ] o™, Syarief 5(1984)2 &iulelr] Ao HAxA3

oA o] Relel AgE AT vk gUrh Glenn RS v 2ok

MR = Aj-exp(—Fky- D +A,-exp(—Fk D
AZIM Ay, Ay, ky, kRS

Page(1949)+= AR E S W ste] S dxdAds o583

MR = exp(—Fk- ")
o714 k, N : w74

Misra$t Brooker(1980)= &9 W x9 FFAPAA o] RdS AL
stem, Liw(1987)°]  afutetr] A8 Axddel, Chinnan(1984)°] 9%t
(in-shell pecan)®] 71 %] Page =9< #8351

Thompson S(1968)& L2 AZR A¥sle] 2449 AxH}ALE vy

2o wRdow waYsAt.

t = Aln(MR)] + BlIn(MR)]*
714 A, B : vz

Thompson &< A¥ 23 Axeg7] 2=7F A

=
450 FFo} 2T/ 5 5L RUF 9T FA ¥ wud

ovf, o] wale MAWFE e e SEe] F4E etk

_’7’7_



A = -1.862 + 0.00488T
B = 4274 exp(0.033T)

b

H

2) A7z =

Mo<o ook W T o o bo |
of — — M X M —
w ° X o ook = M o <
. X =
LT S R G
AR C W < B
R e T E % N
0
I B O e% ﬂ X
N M o) = Y - ®
7 EEM S DT
OLO i \ﬂl ~ ﬁo Aw_u ZT
o W R T -
o Ho p— .CI k) ~ e
o O WO o
Tae” 2R 2%
OE _ﬁ v = R N‘.ﬁ N Z,.W
® X%k N —
il ~ oy ~
Al N Mo g E]L B oo
X ~ ~ _ !
W R oo ©N N
A oo o T e
I~ ) N
el o R o
B = @ w HL o N -
T o
W ﬁ m P T S W F
XS b Mo B @
Mo ~ . Ag N X ~
o o7 < W 50 ﬂ_oi 10.! .4_0| W
.,.M,o &rw = 4n o) ,,,|A|a N B M
c3fIfln . Ko
= B m o ooy %o o iy
~ . I ¥ B %o iy _i T° o
L A oA
PERE BT LT ®AUT
0 - .
B owm o m oM X o~ ©om
oMo 8 T oA = N ol

o
a-

5

°

Al Z2 A st
=7]0 -2
717 AAsoz A

E

_’78_

Aol wigd gkl

=

=
T eAt

=
RS

100g



= '
i WEE Rl
gan | £ A WA
o E | ik H&
M . LHE
et | il E
Linik

Fig. 3.1 Schematic diagram of the
drying apparatus

Fig. 3.2. Picture of drying
apparatus.
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Table 3.1 Specification of the drying apparatus

Item Specification

Dimension (Inner Chamber) WxHxD : 495x380x500mm

Dry bulb Temp. : 15~90C(x0.5TC)
Air conditioner
Relative humidity : 10~95%/(£5%)

Fan 200W

Table 3.2 Experimental conditions for drying test

Item Specification
Initial M.C. of samples 9 ~ 10 % (w.b)
Drying temperature 30 ~75 T
Relative humidity 5 ~ 50 % (w.b)
Air velocity 05 ~1 "%

AxsE ARe] TAS dAen 4] ] e
(BCL-1L, CAS)& Ag8tsith. TR@EDeIA g 2ol Az7] erel 47 30me]
4% THL Fu 2rAL AxARYY J8E A2HHEE Axr] 9

AAsrdeh meAde] el A g2 QT Al B (CI-1560A, CAS)elA EAH
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Table 3.3 Drying models

Model Equation

Lewis MR = exp(-k - t)
Approximate - Diffusion MR = A - exp(-k - t)

Page MR = exp(-k - tN)

Thomson t=A-In(MR) + B [ In(MR)]?

Wang MR = 1 + w;-t + wy-t
note) MR : Moisture ratio

MR = 1\1}/[0 — 11\\/[/13

M : Moisture content(%, db)

M, : Initial moisture content(%, db)

M, : Equilibrium moisture content(%, db)
t : drying time(min)

Av Bv kv Na Wl’ W2 : Darameters

EAA e rd HALS SAS(Ver81)E o] &3te] RSQUARE PROC#
REG PROCE% STEPWISE PROCE o] &35}4t},

o Eae AzEHL dEa0] A HYF /1EY RUEe A} s
KeR
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Lewis 22 : In(MR) = -k - t
FAFEERE - In(MR) = In(A) - k-t
Page 249 : In[-In(MR)] = In(k) - N - In(t)

Thompson 29 : t = A - In(MR) + B - [In(MR)]?

Wang =2 : MR -1 =w; -t+ wy -t

parameter = al - T + a2+ T% + a3-In(T) + a4+-RH + a5 - RH® + a6 -
In(RH) + a7 - T - RH
T: AX 37]9 2%(1T)
RH : Az 3719 JdF%(%)

al, a2, a3, a4, ab, a6, a7 : T

Ao MARFES F 2l BEE WwE £ e oo AL SAS

STEPWISE PROCE o]&3to] ZAAASG7 A
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MC[%,db

0 50 100 150 200
drying time[min]

——60C5% =w—75T5%

Fig. 3.3 Change of moisture content of bottle gourd seed exposed to an airstream of
RH 5%.
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Fig. 3.4 Change of moisture content of bottle gourd seed exposed to an
airstream of RH 15%.
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Fig. 3.5 Change of moisture content of bottle gourd seed exposed to an airstream of
RH 30%.
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Fig. 3.7 Change of moisture content of bottle gourd seed exposed to an airstream of
307C.
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Fig. 3.8 Change of moisture content of bottle gourd seed exposed to an airstream of
45C.
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Fig. 3.9 Change of moisture content of bottle gourd seed exposed to an airstream of
60°C.
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Fig. 3.10 Change of moisture content of bottle gourd seed exposed to an airstream of
75C.
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Fig. 3.11 Drying rates for bottle gourd seed at 45C and 15%.
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Fig. 3.13 Drying rates for bottle gourd seed at 45C and 50%.
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Fig. 3.14 Drying rates for the bottle gourd seed at 30C and 30%.
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Fig. 3.15 Drying rates for the bottle gourd seed at 45C and 30%.
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Fig. 3.16 Drying rates for the bottle gourd seed at 60C and 30%.
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Fig. 3.17 Drying rates for the bottle gourd seed at 75C and 30%.
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1.2

0 50 100 150 200
drying time(min)

——45C15% —®—45C30% —4— 45T50%

Fig. 3.18 Effect of relative humidity on drying rates of bottle gourd seed at 457C.

1.2

0 50 100 150
drying time(min)

——75C5% ®—75C15% —— 75C30% —<— 75C50%

Fig. 3.19 Effect of relative humidity on drying rates of bottle gourd seed at 757C.
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1.2
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Fig. 3.20 Effect of temperature on drying rates of bottle gourd seed at 15%.

1.2
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drying time(min)
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Fig. 3.21 Effect of temperature on drying rates of bottle gourd seed at 50%.
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Table 3.4 Parameters of drying models

Model Estimated Parameters R2 F
_ k = -1.52916+0.00674T+0.99222RH"
Lewis 0.7286  536.28
~1.84675In(RH)+0.03158T - RH
Appro.— @ = 9.02219-8.2698In(T)+0.37372T - RH
. 0.6483  293.77
Diffusion g = -(.00447T+3.20712RH-5.04603RH>
k = -39.8688-10.3196T+44.77403In(T)
-0.25811In(RH)+4.9276 T - RH
Page N = 0.000117T-0.99184T?-3.22726RH 0.7497  233.90
+0.54906RH?+0.00447In(RH) ‘
A= —147.89549-346.80309T +1.73998 T2
+8262.598161n(T)-49255RH
2
Thompson +38299RH*+6927.87056In(RH) 070%  187.33
+702110T - RH
B = -108.50785-32.01237In(RH)
+ 3.20034T - RH
wl = -0.6395-0.00001432T">
Wang 0.4216  199.45

w2 = -0.00000416+0.00411In(T)
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Fig. 3.22 Comparison of the moisture ratios measured and predicted by Page model at
45T, 15%.
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Fig. 3.23 Comparison of measured MR and predicted MR by Page model at 45T,

30%.
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Fig. 3.24 Comparison of measured MR and predicted MR by Page model at 45T,
50%.
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