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Development of Continuous Processing System
for High Quality of Dried Agricultural Products

(carrots, radishes)
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SUMMARY

1. Title
Development of Continuous Processing System for High Quality of Dried Agricultural

Products(carrots, radishes)

II. Objectives and Necessity of R/D

Currently, a large amount of dred agricultural products has been imported, and it has
been issued that the problems of the quality and the safety of imported dried agricultural
products. It has been also issued that the problems of unstable or/and low market price of
agricultural products, resulting from overproduction in domestic market.

The objectives of this research was to develope the continuous processing system for
high quality of dried domestic agricultural products. The continuous processing system
could give higher value-added on domestic agricultural products for farmers, and provide
the safe products for consumers, and the substitution effects of imported dry agricultural
products and the saving effects of government budgets by reducing dumping away over-

produced agricultural products for government.

M. Contents and Scope of R/D
A. Design and manufacture of the unit machine of continuous processing system
for dry agricultural products by using domestic agricultural products(carrots,
radishes, etc) : 1'st year
O Design and manufacture of the continuous water and bubble-washing system(1’st
processing) and evaluate of efficiency of system.
O Design and manufacture of the brush roller washing system(2'nd processing) and evaluate
of efficiency of system.
O Design and manufacture of the blade turning type chopper and evaluate of efficiency of
system.
O Design and manufacture of the belt conveyer type far infrared dryer (two-stage)
and evaluate of efficiency of system.
O Establish optimum drying condition and define the drying characteristics of the belt
conveyer type far infrared dryer.

O Design and manufacture of the packing machine and evaluate of efficiency of system.
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B. Complement and test of the continuous processing system for dry agricultural

products by using domestic agricultural products(carrots, radishes)

O
@)

Design and manufacture of the emery and brush roller washing system(2'nd processing)
Design and manufacture of water recycling system using washed water coming from

the second washing system.

O Analysis of cutting characteristics of chopper and selection of optimum blade size.

Design and manufacture of the microwave preheating system, and establish of optimum

preheating condition.

O Design and manufacture of the conveyance device.

V.
1.

2.

Test of the continuous processing system.

Suggestions of the results and application

Design and manufacture of the washing system for carrots and radishes and
evaluate the efficiency of the system

The emery and brush roller apply to washing part of the washing system using.
Optimum washing condition of carrots and radishes established a number of emery
roller, revolution speed of roller, washing degree and decreased weight depended on
washing time position. Washing capacity of developed washing system was 2.5~
3.0ton/day, washing device could be used the main unit machine of continuous
processing system for the dry agricultural products processing.

Washed water recycling system was manufactured to recycle the waste water that
came out from second washing processing. This waste water send to the water first
washing processing by filtering. And optimum amount of washing water established to
washing by amount of carrot and radish. Washed water recycling system could be

saved water of the 2365 ¢ /day to washing the carrots and radishes of 2750kg/day

Design and manufacture of the chopping machine for carrots and radishes and
evaluate the efficiency of machine

The chopping machine was manufactured in consideration of average cutting length,
cutting efficiency, safety, and cutting capacity after selecting the blade lengths and
types.

Investigated the characteristics of dry conditions and quality of carrots and radishes
cut by four kinds of blade, and established the optimum cutting method by selecting

the optimum blade.
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3. Design and manufacture of the microwave preheating system and evaluate the
efficiency of system

— Manufacture the microwave preheating system(24kW) for agricultural products, and
establish optimum preheating method and condition by investigating the effects of belt
speeds and amount of moisture on preheating of carrots and radishes.

- It was found that 20~35 minute was the optimum preheating time for cut carrots and
radishes. This result was based on the investigations of preheating characteristics of

carrots and radishes according to microwave processing times and blade types.

4. Designing and manufacturing far infrared ray dryer system and evaluate the
efficiency of system

- In order to improve dry efficiency, far infrared rays dryer of conveyer type using high
temperature far infrared heater was manufactured and the space between far infrared
heat and belt conveyer was reduced.

- It was investigated the drying characteristics of carrots and radishes such as drying
rate and energy consumption. Evaluation of quality for dried carrots and radishes were
conducted by physical characteristics, color difference, re-hydration ratio comparing

with dried carrots and radishes in the market.

5. Evaluate the efficiency of packing system for dried carrots and radishes

— Design and manufacture of packing system of carrots and radishes and evaluate the

efficiency of system

6. How to apply

- In this study, continuous processing system were developed for high quality of dried
agricultural products(focused on carrot, radish, etc.) by manufacturing many
sub-systems such as washing system of agricultural products, system of chopping,
preheating system using microwave, dry system of far infrared ray, packing system,
conveyer.

It is suggested to test the continuous processing system for general use. For this,
Nong-Hyup or agricultural corporation might be the best and it is necessary to

economical and technical support for the test.
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Axdee A" F Fto] FAFAE Fsto] olF HHolold 1= FJEHHEA A&
o8 AFUDANAFH (B oR ojFdnt oju mid Axd Wi 4 - a5l duloof

ZF 50 mm HA o2 AAE AF A WARRCTARE: 0.92) 14 AR = A e dA A, 7

(DTB-402, DongKun, Korea) %

o oWk A 72 Ao FFEH= AT oA HdxTF ol Folxith. HA ¢
A AR 29t WME HAMo]o] o]F&Li= AojHoA Ao, FFAL 7t drir 7}
Zy 10 AL, SE45EE I E(FR-E520, Mitsubishi, Japan)e] F34E WA 7
Atk

BN
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= M,+M~2M,, ©)

o] 7ol A, MR : &&H]
M; : =3bgE&(dec, d.b.)
Me @ 3 & gFE(dec, db.)
My : 27188 (dec, d.b.)

o) #2

Fto] T2 AlEe] dol E FAE e A ] AW (T-type, OMEGA, USA)E A<
sto] 2= 7] & A(DA100-D3-1F, Yokogawa, Japan)E ©]-83to] 1% HA SR HFE| A5 7]
% sttt

) Ax

o

AEE AZGTe Biste]l o 20 g& vld HW(PE, ¥4 01 mm)el @i Ame FAE
A g S APAIFA(JX-777, C.T.S., Japan)E o] &3to] A3 424 72 A
L(black[0] to light[100]), a(red [60] to green [-60]), b(yellow [60] to blue [-60]) #E <
st om, o] w ARgs FFE wAge] L a, b g2 ZHzF 98.81, 0.08, 0.06°] AT}, T=gE F3HA
28 7|EoR s 4 (DE A4tk
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e
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o2 MEWsLE Whgshs Ak AEE dx de A

A

ArE=V AL+ 2g?+ £b? @
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AL 27 9% g3 1x F WE e Ak



A3 st A5 o] WS4 Bichner funnelS o] -83Fo] A A skt

re— VWi 8)
mg
o] 7] A, ER: A< 38 (Rehydration ratio, g)
W+ sk & Als ()
W 271 A 5T
my A7 Az AEFA(g)
uh) AW e

)
Gt BAIE oF 1.3 g& FHAS SFF 40 mLeF 10% trichloroacetic acid 89 10 mL& 3
oA FA skt o] % &AL oA (Whatman No.l)
2 ofysta, AWEs B33 EA(CE393, Cecil Co., USA)E o]&3sle] 420 nmolA F3=E
SAT T F4E o= yehdvh.(Hendel et al. 1950).

AN#2E v AsHA E441720 & 0.1 gol n-hexane¥} acetone &N (6:4, viv) 20 mLE H7}3t
o] Wh&E FZ=38}31, Methanol 30 mLS #7138 % glass filter® o] ¥sle] MAE FE3AL
T SHFE ) FEOS 2 U A59e AFHsY 33 =A(CE393, Cecil Co.,

USA)Z 436 nmolA FFL=E 43 & Hakdd o8 728 #S A s ATHAOAC,

¥+5% B-carotene 0.001 g2 20 mL®% n-hexane¥} acetone &% (6:4, viv)ol £3fA]7]

= Z+7F 0, 100, 200, 300, 400, 600 % 800 nLE =} 3 3to] acetone: hexane &3¢ (6:4,

R
>.\.L
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op) R An]FiA

DA AZz 93t A AH] S A4 H Al (Energy Monitor 2720, SOAR, Italy)& ©]
&3t SA-S9 A, 8 1 kgs AAS = 2o dyx] AvjFgFoez 3Hikste] YER AT
9 2

Tz <y

f g Ee 428
MJ/kg®= &to] & 1 kge A7ste=d Do olyA] Lujgow dHilsto] Yl

o =

3) Axnda

e Adolol Ao AxV|E ol &7 Tt AxRPE JNEetr] 9ol 7= 3
2UAA T ody AFEEI E Page(1949)9] &44 ¥E Az AEg =g
Lewis(1921)¢] Newton WZHAS o]&3 Ax5 9 Henderson(1952)2] A A go

71%3% Az54d 2 Thompson(1967)2] AxRd 5 4719 AxEAS AP} o] ZdE

< A 9)~02)E FAET

Page =2 ]Iﬂ?zexp(—P- t9 9)
o714, MR : 35 &4](dec, d.b.)

P AT (AR

t » Z1ZA)1ZHmin)

Q ARG ARY)
Lewis &2 MR=exp(—Fk, - 1) (10)
A 71A, ki A STFFAY)
Henderson 29 MR=A, - exp(—k, ) (1n
A7, A AFAF(FAY)

ko A STFFAY)
Thompson 22 ¢,=A, - n(MR)+B- [ h(MR)]?> (12)
71 A, to © A=A 7k hr)

Ao AL (FA)
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AT AR T4 AEzS mdo] HFA|A SASY v AE 3 FARA Tz
% DUD(Doesn’t Use Derivatives)® S o]&3sle] AA3Hth AxEde] A4, P, Q, k,
Ay ke Ay 2 By @t A, e 9 FEEE IR Jpgsta A (13)e2 A

HAFH, 1999).

A r=a,+a, - (V+a, - (D+a, - (AV) +a, - (VP+a; - (DH*+  (13)

ag - (AV*+a, - (V- D+ag - (T-AV+a, - (V- AV)

oA7IA,  V L iﬂx—*.(cmg)

21 (13)oll 4] MFE9] %3S SASe] PROC STEPWISES o] &-3to] ZAAstt) =3l &<41]9)
A7 AZRAL o] 83k o=z Alole] AAASG R’ (Coefficient of determination)®} 339

ZF A 31 RMSE(Root mean square error)® X3¢ A3 S vl AHA3EA
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Moisture ratio

Moisture ratio
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Moisture ratio
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Moisture ratio

Moisture ratio
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# 11 A B 27 7 AxzAe] ARAG 2 HATEFE

D S B S Sl G B S
© o P i o e Y i
small 6.08 190 small 5.82 130

04 medium  6.13 300 0.4 medium 641 175

large 6.05 390 large 5.81 210

small 6.54 195 small 6.07 110

50 0.6 medium  6.25 255 70 0.6 medium  6.10 165
large 5.87 360 large 6.05 180

small 6.06 175 small 6.05 95

0.8 medium  6.22 225 0.8 medium  6.32 150

large 5.87 330 large 6.02 165

small 6.26 155 small 6.01 110

0.4 medium  6.14 210 04 medium  6.05 140

large 6.01 270 large 6.03 165

small 6.10 150 small 6.04 90

60 06  medium 585 175 30 06  medium  6.24 105
large 6.10 240 large 5.84 150

small 6.29 135 small 5.89 75

0.8 medium  6.21 155 0.8 medium  6.36 110

large 6.11 230 large 576 140
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A=0.43972+0.02180( T ;) —0.31438( AV) —0.00017117( T%) +  0.8278
0.37344(AV%—0.00151(T , + AV)

B=0.07630 —0.00268( 7" ,) +0.06403( A V) 40.00002475( T2) —

0.01938(A V% —0.00036(V ,+ T) 09455

zewd we d3x9 4229 4474 % RMSES v
Z2E(T) FELEE (m/s) R* RMSE
0.4 0.96545 0.04207
50 0.6 0.96514 0.04078
0.8 0.94235 0.05282
0.4 0.96057 0.04921
60 0.6 0.96822 0.04391
0.8 0.95191 0.05282
0.4 0.97991 0.03687
70 0.6 0.96642 0.04592
0.8 0.96597 0.04828
0.4 0.96511 0.04492
80 0.6 0.96618 0.04323

0.8 0.97251 0.04082
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AZLE(C) $FE=(m/s) AR L a b AE
Az 7 - - 6648 3750 5556 -
small 6094 3542 4604 1120

0.4 medium 6466 3622 4614 9.67

large 6281 3656 4622 1007

small 62.83 3504 4664 9.94

50 0.6 medium 6585 3772 4693 8.66
large 6472 3704 4691 8.83

small 6393 3666 4721 8.77

0.8 medium 6638 3749 4665 892

large 6402 3716 47.19 8.73

small 62089 3334 4618 1116

0.4 medium 6323 3599 4550 1068

large 6351 3681  46.34 9.71

small 6299 3462 4663 1001

60 06 medium 6491 3667 4518 1053
large 6576 3622 4627 9.41

small 6281 3815 4694 9.39

0.8 medium 6587 3674 4550 1011

large 6509 3703 46.90 8.78
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AX2E(TC) $T55m/s)  AEA7] L a b AE

small 61.37 31.98 44.25 13.59

0.4 medium 62.71 35.79 44.67 11.47

large 61.22 36.78 45.53 11.35

small 61.82 32.93 46.37 11.28

70 0.6 medium 63.30 35.99 44.94 11.19
large 62.77 36.70 45.49 10.76

small 62.28 34.33 46.83 10.19

0.8 medium 64.36 36.29 45.98 9.88

large 60.85 34.99 46.56 10.91

small 52.96 36.17 43.57 18.11

0.4 medium 57.16 36.01 44.05 14.89

large 56.02 30.04 44.49 16.95

small 53.06 35.21 43.17 18.41

80 0.6 medium 58.52 37.13 44.85 13.35
large 56.87 29.71 45.01 16.26

small 54.81 34.36 44.36 16.48

0.8 medium 59.14 36.51 45.90 12.17

large 57.66 33.71 45.17 14.14
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Color difference

Color difference

20

16 -
12 -
8 -
50 60 70 80
Drying temperature(C)
a9 3l Adxzdd mE oyl g Hrews)
20
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12 1
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Az +=%(T) L a b AE
Az A - 66.48 37.50 55.56 -
60 65.09 37.03 46.90 .78
dHed H=x
70 60.85 34.99 46.56 10.91
60 58.23 35.03 48.40 11.19
d3Ax
70 61.90 28.96 4794 12.31
sAdx 76 71.91 33.49 53.82 6.96
20
I 607C-0.8m/s
1 70C-0.8m/s
15 -
(0]
(&)
C
o
S .
= ]
= 10
S
O
(@]
5 _
0
Farinfrared rays Heated air  Freeze drying
Drying methods
a9 34 Ax e fH g M3t
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Air velocity: 0.8m/s

(e} < o AN ~
(1anew Aip-6/11eM-6)0nE) UoRIPAYDY

10

Rehydration time(min)

Air velocity: 0.8m/s

{9} < (ap] AN ~—
(1onew Aip-6/191eM-6)0ne. UolRIPAYSY
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Rehydration time(min)
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Drying temperature: 70C
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Rehydration ratio(g-water/g-dry matter)

Rehydration ratio(g-water/g-dry matter)

Drying temperature: 70C

0 2 4 6 8 10

Rehydration time(min)

Y 40, &5 AXA ) 2 AW g A3kE

/ —e— Far infrared drying(70 C-0.8m/s)
~-0 Heated air drying(70°C-0.8m/s)
—-v—- Freeze drying(-76 ‘C-10mmHg)

0 10 20 30 40 50 60 70 80

Rehydration time(min)
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i
O
5

AR R’
P=6.90501—2.10004( V) +0.33487( V3)4+0.00024423( T)—0.00410( V - T) ~ 0.8746
Q=10.38529+0.06028( V) —0.00424( 7) —0.00733( V¥ + 0.9619
0.00005075( 7%)—0.00083554( V'+ T)
F 17 AFsE dSEde] Z2AAS5 2 RMSE
Drying conditions Size R RMSE
Small 0.99319 0.11628
50C-0.8 m/s Medium 0.99486 0.12074
Large 0.98465 0.24785
Small 0.99650 0.08519
60T -0.8 m/s Medium 0.99137 0.16038
Large 0.98848 0.21537
Small 0.99855 0.05687
70C-0.8 m/s Medium 0.99859 0.07581
Large 0.99871 0.07823
Small 0.99918 0.04509
80°C-0.8 m/s Medium 0.99112 0.19989
Large 0.99557 0.14895
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¢ 50°C(Measured) — 50°C(Predicted)
St A 60°C(Measured) --- 60°C(Predicted)
o0 70C(Measured) - 70°C(Predicted)
4 r O 80°C(Measured) ---- 80°C(Predicted)

Rehydration ratio(g-water/g-dry matter)
w

O L L | L Il L Il L |
0 2 4 6 8 10
Rehydration time(min)

6

5¢ o ]
B T g

4 r B el

3 F

¢ 50°C(Measured)

— 50°C(Predicted)

N

A 60°C(Measured) --- 60°C(Predicted)

0 70°C(Measured) ----- 70°C(Predicted)

—_—

Rehydration ratio(g-water/g-dry matter)

0 80°C(Measured) ----80°C(Predicted)

0 2 4 6 8 10
Rehydration time(min)

a9 43 Azl At Aol wmE T Fre] AestE
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Rehydration ratio(g-water/g-dry matter)

¢ 50°C(Measured)

— 50C(Predicted)

2 A 60C(Measured) --- 60°C(Predicted)
0 70C(Measured) - 70°C(Predicted)
1
0 80C(Measured) ----80C(Predicted)
0 f 1 I 1 1 1 I
0 2 4 6 8
Rehydration time(min)
9 44 Ax2E=E Qs Al g 42 G AgEkE
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6) Carotene %

% 188 dAgH AxzHd e A7 AZxF9 carotene dEHS YERN Aot}

N
Fo| A9t o] carotene THEHS AXF A #AAGOl AXx T RF 7Had AR et
A% 3 )l 929 carotene FHS AL 50T, £EEH% 04, 06, 0.8 m/solA] z+7}
381.05, 386.14, 408.38 ng/100go.& YElt, AZ2% 60T 04, 0.6, 0.8 m/s

C
ol 4 zkz} 370.89, 379.78, 370.47 ng/100g, Hx=% 70C, $&5% 0.
s 0

m/soll A= Zh2F 357.33, 356.91, 359.03 ng/100ge.2 50T, 60°C, 70C Kt} S+ carotene $F=F
S el wEbA carotene $HEFS 225 7h ol wEl WAL Grolx| = A S UE
Wi, SFEHE7E S7HEe whet ol ofF B slo® YETh
FTH @9 carotene - 361.15~376.04 ng/100go. = A7) =olof upef F &
< AL Aol7b gl AoE YEa, Aol 7§ carotene ¥ 372.37~397.57 ng/100g2.

Aol A Med o, U DY Ax257t mobda s Aol O B2 Aow yER

1 j
o
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o
o
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>,
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of\
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2¢
Au)
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o
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(o3
9
o
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=
=4
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5
1)
2,
s
o
2
X,
4
2
i
2

3 19¢ AWl mE AxTo] carotenedt @S WERH ZHolvh. FollA yEbd Wil
o] =AANZX T A9 carotene T HE 681.63 ng/100gl. = 7F¢ & Ao 2 e 937
el A 60T, 70CANA Z+2 37047, 374.70 ng/100g . Ve, AF7A%9] carotene &
e 34145, 327.89 pg/100gl.z AA )M Ax7 d5AxzEy FiFso] Be Aoz yEey
ok webA HASAE p-ghol 0.0000.8 ool JIA-EH sAAZT Fe] FHo| s
Getal, e dAgAAE, 3% o2 YEwh

o] Della 5(1965)°] ol w2 o] B-carotene?] WS AFolA TR
3k I<to] carotene $rEFo| b wra 1ot s
o] 7F¢ =itk At fFAFE
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NEES-1 AZ2L%(T) T EH5=(m/s) (pg/logr}li,%:ﬂiﬂ;%kmatter)
Az - - 761.62
0.4 375.55a
50 0.6 373.01a
0.8 378.09a
0.4 372.37a
0 0.6 378.72a
- 0.8 374.28a
0.4 383.38a
70 0.6 384.02a
0.8 387.62a
0.4 378.09a
0 0.6 394.61a
0.8 397.57a
0.4 369.62a
50 0.6 375."716a
0.8 376.04a
0.4 366.86a
60 0.6 362.84a
. 0.8 362.84a
3 0.4 361.15a
70 0.6 367.92a
0.8 376.40a
04 366.65a
80 0.6 367.50a
0.8 367.92a
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P el o

NBFFH HAZLE%E(T) $E25 (m/s)
N M (ug/100mg, dry matter)
0.4 381.05a"
50 0.6 386.14a
0.8 407.38a
04 370.89a
60 0.6 379.78a
0.8 370.47a
oA
0.4 367.50a
70 0.6 369.19a
0.8 374.70a
04 357.33b
&80 0.6 356.91b
0.8 359.02b
E 19 Az wE 7FER 3 vl
7} =8l 3=k
Az AZLE(T) FETE5E(m/s
(ug/100mg, dry matter)
60 370.47a"
VAL Az 0.8
70 374.70a
60 341.45b
dEAx 0.8
70 327.89b
TAAZ 76 - 681.63¢
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7) YA v

- Zh7} 4455, 4,269, 3,825 kJ/kg-watero] 3L, AFx%

C, 355 04, 06, 08 m/s¥ o oyx] M= ZH7; 3863, 3592, 3,555
kJ/kg-water® WEFSEI, AFxSE 80C, $3FHE 04, 06, 0.8 m/se] -5 olyx] Av]#e
zyzy 3598, 3,258, 3,090 kJ/kg-water= UE}ST

wpebA el g A AH]
3,090 kJ/kg-water® 7} A& Ao
=9 Fo] 4455 kJ/kg-water® 7HE W ZoF2 YERET o3& WA AR YA
AH]EFo] 30.64% AxtE Ao w AT

L PAH AXLSE=Q0C)7F =1 35508 m/s)7F mE 29|
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BN
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Z7F 3 AXRY o YA Au|FFo] 263~322% HAiAEHE AoRE UEuth
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Energy consumption(kJ/kg-water)

6000

I 0.4m/s
5000 [ 0.6m/s ]
0.8m/s FIR: Far infrared rays ]
a HA : Heated air
4000 A B
3000 - B
2000 A
1000 A
0

FIR(50) FIR(60) FIR(70) FIR(80) HA(60) HA(70)
Drying temperature(C)

I 49 AxZEAYE A Gt o YA Au g v)al
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T 04, 0.6, 0.8m/soll A= ZH2} 4620.2, 4416.6, 3976.8k]/kg(water) &= UEFG T B3 Az %

70C, $F55 04, 06, 0.8m/s¥ W oluA] An| g ZF7} 36184, 3508.8, 3027.6k]/kg(water)
o2 Yehil, dx2% 80T, $55% 04, 06, 0.8m/s¢] A5 oA An|#e 7+ 3196.8,
3015.6, 2841.6k]/kg(water)® YEGT. T3 T &AW AxX
47789k ]J/kg(water), 2237.6~3928.6k]/kg(water) . & 2z} AZxZA wizgl jHy #& FegsS
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1. vlol a5} A=A AA - A=
29 70 srolzE ddgA e AFes gEd Aol

2% 70014 9k Zo] wiolamnt AR = % KEI(YS802-4, HanSheng, China), F¢I 4, o

\T,

==

3 ulolazy WRAN wlolaRy vk wl)@l WbAR], Awjolo] =L Aojuo gz FA
Ho] v}, B R= vl EE(2M244, Panasonic, China)2 ©]-83F nlo]a &y} A2
Fubge 2450MHz, £3 26kW~30kWe] wlo]lA23lE LA w7]|de MAZE oI
ALEGA WHEFES IHZ wESA7IY, Alojite &8 9 WE &% 58 24% 5 JEH
Hol At
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7b. A9
Fo] daddds 9% 13 AR"S 10kg oA, wlo]aA23 oA AR 6 (44, 8
=]

, 128 16%, 205, 4% )02 F3sn, F ddAdde] Aol 13 ANEHF 10kge A
6 ZAGE, 103, 15%, 205, 254, 30¥)o. &2 F3P3dtt.

FrEe S4L BN (Oven method) & AHSTRL, AXEEE QAN (4 F e o}
=R 20073 105C AZXH(F=FuwidataAF 1989)5 ol &ttt Alee FA9E A9
sto] AEgE ) HAAAES(EK-120G, AND, Japan)® 20+05g A3t A=
((WFO-600ND, Tokyo Rikakai Japan)ollA 7A%x3F 3 Fkn]E Alakste] st& 5 e A

AEE d9 Fa3S B4ste] oF 20gs vd H(PE, 74 0.lmm)dll Y3 Age FAE

A3HAl st ME=AMAA(JX-777, C.T.S,, Japan)Z 4ttt A 7k &< L(black[0] to
light[-100]), a(red [60] to green [-60]), b(yellow [60] to blue [-60]) #HES =Astq o, A
2 AEE A3 2((2)2 AlLsE A HHRhim et al. 1989).

3) A=

% =42 Rheometer(CR-100D, Sun Scientific Co., Japan)& A}-&-3to] A1Z 29 probe

7} 5mm HF3EE HAASA L, AE NS A5 o] Ao s YERA Y
4) 7=
NBEE vAsA B33 3 1g2 #3839 n-hexane¥} acetone £33+ (6:4, viv) 20 mLE 3

bl A HEE =23 thS Methanol 30 mLE #7138l glass filter® o] #3sto] MAE 53519
t}.

u

iy

3t THFE VS FEAE B3 08 A5 AS AHAS spectrophotometer(CE393,
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Cecil Co., USA)E ©]8&3l 436 nmolA FFEE 543t B-carotenes ZvEHE 3o

szeges 4 ZaAHAOAC, 1990).

5) A=A An]F
nfol AR 3} oAl gk oA A EE A4 E Al (Energy Monitor 2720, SOAR, Italy)&
ol g3ste] FA3A I, i 1 kgs AAS =Y A3 oA AujFoR FHiksto] UER
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3 260 vlolama} odAE] & Ao Hxd wE e HsE Yehdn
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W= 0.043~0.0712 Yeb, ddAe]st#] &2 d2e Zd¥E 0.0663 Hluste] & zpol 7t
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3260 vrERd wRel o] A el A F g A
4, 8, 12, 16, 20 ,24, 283l w2} 4.013~3.950g-water/g-

o] oAz BEFE B, AdHYstA @2 Fre

&L mrolA Ry o dA Y] A

matter= o A ko] AFH A5

—l>

5“

ANT3HE 4.167g-water/g—dry matter
Uelwtl oA mlola Ryl o A7) ol Tt 2ol dA&Ato] 9lY]
WEolghn wekEd. £ FE51994)0] FE &

ol AxF Aol ¥ w2 ddes BAY

5) YA 4=m] F
%2600 vhelzmst @A F AAA Axo] WE AUA £uFS GEhel
% 26014 B npe} o] mlolamyl o dd)

oft

o] AAdA AxA 28F JuyA A
FE& 3520~3445k]/kg-water= DA ko] A4EH st Ao® UEya, vholARgtR
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ujo] A = 3} EIRaE -2 DA LM AZEA Hmin)
of| A Al 7H
(min) A = o A = 8l
0 15.1 14.6 15.2 175 210 240
4 15.2 14.0 159 170 200 230
8 14.3 15.8 14.1 165 190 220
12 159 155 16.2 150 185 200
16 14.3 15.2 15.3 140 170 180
20 14.1 14.3 15.7 135 160 165
24 15.1 14.7 15.3 130 155 150
28 15.1 14.4 159 115 130 145
¥ 26 Adze g dHA Hx T o Fre] FEWs)
- >~ =] O
phelmLE A e e oNIA) 20
o A 7F (g-water/
) (ng/g—dry matter) (0.D.) (k]J/kg—water)
(min) g-dry matter)
0 478.4 0.066 4167 3027
4 463.3 0.043 4.013 3001
8 496.9 0.068 4.328 2930
12 467.2 0.059 4.302 2863
16 480.7 0.069 4157 2832
20 480.8 0.078 3.911 2798
24 482.8 0.067 4.001 2782
28 481.2 0.071 3.950 2736

- 126 -



el

i
B

P

=

B

EREDEEER EEE R I

Aol

o

s

% 79 ol ARy o A7

BN

o mlolazs} e A

o] =
PR IN

P
T

o}
=

1 7904

—_
o

|

aL, ol Ajgke] 25, 3091 A5

[e>
5\

3

e

A5 5% Wl

i
o

e

o]
rJ
no
B

4
Njo

B
o

s

sl 2 W 529 637g/kg

Zo] 2 o e} A

a

4

o~ 0
T

o

t}

(s

oy
R

—o— Medium —&— Small

—+— Large

i & *
P s
(g9'm ‘9%)usjuod ainisiopn

1
<
o
o

0.82

15 20 25 30

Drying time(min)

10

=)
oy

o

9]

=
T

9 79, mpo]l AR T o A b w

&

=

]
o
Gad
IH
=
o
n+-
ijN

of w

}

of mholams} oAkl W

~

R EEE R

27
274 H

YA
it

=
N

YA
it

o A A|zko]

A glel

1
T

A g2 AR Feo] =79

A
AN

JEh

- 127 -



£ 27 vpolmz st A e A% W
arzr T Tme a@mam b@am) ARG
(minute)
Az A - 50.238 -1.587 2.67
5 50.238 -1.452 2451 1.389
10 48.875 -1.972 2.373 3.462
15 46.504 -1.690 2.196 3.261
i 20 42.106 -1.551 2.352 4.648
25 45.597 -1.772 3.113 4.892
30 47.766 -1.623 4.446 5.890
5 53.942 -1.541 2.908 2.657
10 53.697 -1.446 2.834 2.406
- 15 49.677 -1.692 2.798 1.678
N 20 48.321 -1.695 3.581 3.217
25 47.958 -1.683 3.293 3.461
30 48.114 -1.632 3.611 3.400
5 51.026 -1.423 3.092 0.877
10 50.267 -1.584 3.268 3.926
R 15 47.146 -1.446 3.101 4123
- 20 46.382 -1.503 3.294 3.425
25 47.658 -1.611 3.971 3.412
30 47872 -1.687 4.366 4565
3) o) st
eha Aol

29 80& mhelams) Azl wE Fo Zw WaE
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19 800 Hi=nkel zo] wite] o

, T, a2l

7| B 25871 e
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o} 7Aool 2 Ao w ey T o d 2
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o dekE
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