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SUMMARY

I. Title

Development of farm size red pepper dryer by temperature and humidity

control method in high efficiency and energy saving

II. Objective and Necessity

Hot air drying, which transfers thermal energy to the material to be dried by
contacting the hot air on the material, is popular for drying red peppers. The
supplied hot air with low humidity induces water evaporation through thermal
transfer by contacting on the red peppers which is low in temperature and high
in moisture content. The supplied hot air increased humidity by the evaporated
moisture from peppers, and the humid air is exhausted through the vent.

The red pepper has high moisture content, but the moisture evaporates fast at
the initial stage of the hot air drying. Therefore, highly efficient energy
utilization is possible because the heated air with high humidity is exhausted
outside as much as drying potential energy. However, the moisture content of
the red pepper is reduced at the late stage of drying process, and the moisture
does not evaporate as much as the drying potential energy of the heated air.
The energy is not used efficiently in that the heated air having the available
energy for evaporating the moisture in red peppers is exhausted and wasted.

The humidity as well as temperature of drying air is important in terms of
the utilization of energy. However, previous research on drying characteristics
and quality of red peppers has focused on the drying temperature: a study with
different drying temperature from 55° to 80° , studies with different drying
methods such as hot air drying, far-infrared radiation assisted drying, and freeze
drying, studies with cut or perforated red peppers and studies with different
heat source such as electric heat and solar heat. tried drying red peppers by
setting the temperature and relative humidity of the chamber. Their study was
conducted with constant relative humidity, but the pepper dryer for farmers

cannot maintain a constant humidity due to the changes of relative humidity
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with drying time. In addition, a heat recovery system using a heat exchanger
was designed to utilize the exhausted hot air, but the size and price of the
device was not affordable.

The purpose of this study is to develop a system to optimize dryving potential
energy of the exhausted hot air by changing relative humidity of the air. For
that purpose, the conventional drying method was modified into the system
changing exhaust cycle and time. And then the influence of the drying methods
on drying characteristics, drying energy, and quality of the dried peppers were
analyzed.

M. Methods of studies

It shows the structure of the electric dryer blowing hot air fabricated for this
study, and a control algorithm was configured to control the drying time with
continuous exhaust mode or periodic exhaust mode. Three modes of internal air
flow were determined for the experiment: (a) internal circulation mode, (b)
continuous exhaust mode, (¢) periodic exhaust mode. Internal circulation mode
circulated the hot dry air inside the dryer, and the exhaust mode emitted the
hot humid air outside the dryer. An air vent was installed on the upper part of
the dryer, and it was opened or closed by the mode of (b) and (c). Two valves
(top and bottom) were installed to open and close the air flow between hot air
supply chamber and drying chamber.

A control device was attached on top of the drver to control the drying
conditions. And the dryer was composed of a combustion chamber with a fan
and heater and a drying chamber. The internal dimensions of the drying
chamber were 505 mm* 645 mm* 940 mm. Combustion chamber located on the
left of the drying chamber had a blowing fan and a 2 kW heater, and the
drying chamber had two valves. Both combustion chamber and drying chamber
had a wvalve (top) for air flow from inside to outside. Exhaust time was
determined using the volume of the drying chamber and flow rate of exhausted
air.

Drying time, temperature, and weight value for three different modes were

_13_



determined to control the drying conditions. After switching the heater on and
off at the preset time, the exhaust time was set with opening the wvalve.
Subsequently, the drying initiated with closing the valve for the determined
temperature of the hot air and the time for internal circulation. The dryving
completed when reaching the preset weight value.

It shows the schematic diagram illustrating measurement and storage of the
data. The inside temperature, relative humidity of the drying chamber, and
changes of weight value of the red peppers were measured, and the data was
stored.

Page model as in equation was used to examine drying model for red peppers.
Constant values A and B were obtained through non-linear regression analysis,
and the results were verified.

Continuous exhaust mode following heating and periodic exhaust mode
following heating were applied. Periodic exhaust mode repeated heating and
exhaust. Table 1 shows each mode applied in this study. Conventional drying
method used continuous exhaust mode following heating, therefore, the red
peppers were dried to 14 % of average moisture content with four hours heating
and at 65°C of exhausting and drying. After four hours heating with 80°C,
drying process continued with periodic exhaust mode of 65°C until reaching the
target moisture content. Conditions of E-1, E-3, and E-6 were experimented
with exhaust times of 20 minutes, two minutes, and one minute in order to
examine the drying characteristics depending on exhaust time. In order to
examine drying characteristics based on heating time, conditions of E-1 and E2
and E-6 and E-7 were experimented. 20 minutes of the exhaust time went with
40 minutes and 70 minutes of heating, and one minute of exhaust time went
with 30 minutes and 22 minutes of heating. Conditions of E-3, E-4, E-5, and
E-8 were experimented to examine drying characteristics depending on exhaust
cycle. Each exhaust cycle was set at 40 minutes, 40 minutes—55minutes—70
minutes, 40 minutes—5H0 minutes—60 minutes—70 minutes, and 2Z2minutes—42
minutes.

Specific energy consumption (SEC), water removal rate (WRR), ratio of dry
(ROD), and drying capacity (DC) were used to evaluate the required energy
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depending on drying methods. Following equations were used for the calculation.

Capsaicin, color, and sugar content were measured to evaluate the quality of
dried red peppers based on drying methods. Capsaicin and sugar content were
measured by HPLC, and the average of ASTA color value was obtained by
spectroscopic analysis using three replications. One-way ANOVA was examined
to find out the relationship between the capsaicin, sugar content, and color
based on drying methods. If significant relationship was observed, Duncan's

post—validation was performed.

IV. Results and conclusion of the research

The purpose of this study is to develop a system to optimize drying potential
energy of the exhausted hot air by changing relative humidity of the air. This
study modified the conventional drying method into a drying method changing
exhaust cycle and time in order to control the relative humidity of the
exhausted hot air during drying process. A valve on the vent was controlled
according to a preset time to change the exhaust cycle and time. This study
analyzed the influence of the two different types of drying method on the drying
characteristics, required energy, and quality of the dried peppers: conventional
drying method exhausting hot air continuously and new drying method
controlling exhaust cycle and time. The results of the study are as follows:

(1) Drying characteristics based on exhaust time showed that drying time
increased with exhaust time, and specific energy consumption was reduced by
28 % from 18.39 MJ/kg (conventional method) to 13.24 MJ/kg when exhaust
time was set to one minute.

(2) Drying characteristics based on heating time showed that drying time
increased with heating time and specific energy consumption was reduced by 30
% from 18.39 MJ/kg (conventional method) to 12.87 MJ/kg when exhaust time
was sct to 22 minutes.

(3) Drying characteristics based on exhaust cycle showed that drying time
increased with exhaust cycle, and specific energy consumption was reduced by

31 % from 1839 MJ/kg (conventional method) to 1269 M]J/kg when exhaust
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time was set to one minute and exhaust cycle was set to 22 minutes before
drying and 40 minutes after dryving.

(4) The quality of the dried red peppers showed that capsaicin, color, and
sugar content were high as 34.87 mg/100g, 66.33, and 11.87%, respectively, when
exhaust time was set to one minute and exhaust cycle was set to 22 minutes
before drying and 40 minutes after drying.

(5) As a result, drying conditions with short exhaust time such as one minute
and short exhaust cycle (not as long as 20 ~ 40 minutes) were efficient in
terms of drying time, required energy and quality of the red peppers.

In order to utilize the drying potential energy of the exhausted air during
drying process, the conventional drying method was modified into the drying
method controlling exhaust cycle and time. The results showed that drying with
exhaust cycle of one minute was more efficient in terms of drying time,
required energy, and quality of the dried peppers than the one with exhaust
cycle of 20 740 minutes.
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194 2ot} S vatdl &= ¢F 400d A =Yd
ol#] $-29 F4 ZWs2A W & g F4% HXE AR o (HEH,
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] 7}A #(Solanaceae)dl] &3}

A9 =

=f 5 dFE A0 dAET A2 o ge dIshs #@2 LRl Sk
A (FFT, 2009) =H 190 20 FE A LR/ 7| F 02 25ke, ALF VEL
ZF 35kgel @3kl JoHGshd F, 1998). o1& iiF & AAF LR 27F ] U

A Qqe=d 2 FoA C. annuum, C. chinense, C. baccatum, C. frutescens, C.
pubesense?] 5%Fc¢] F2 Aujl=E 1 AHDewitt & Bosland 1993.).

I 1 Area and production of red pepper in Korea and Province of Gyeongsangbuk-Do

2009 2010 2011
Region Area Yield Area Yield Area Yield
(ha) (ton) (ha) (ton) (ha) (ton)
Whole nation 44 817 117,324 44 584 95,391 42 574 77,110
Daegu &
Gyeongsang 9,701 31,152 9575 20,449 8,649 18,002
buk-Do
* Source : National Statistical Office (2011)

2011d T A LUty dxd udE FuwEs

E 19 Yetdido. FA A




AEAE FdEAI) A wEw 20099 iH] 201190+ 2243ha BaPo
W, 97 - AE9 A% 9701 haclA 8649ha® FH4A3dE AFL veld. oHE
AL TN 1AF FUFY TG a1F71E Y sFor wFHo]| HWol FYH
ofstE ZAEo|A %t FEUTY Y nFY FFOoF AuAA ] AL F4F
= FAE HoluA, 3 A t& A&EE Adlst= 77 o] WELR
A EH A

X 29 T&AEFAHY uFAuErt A5HH A5 nEW 10aF 7|22 41
713& Bse w7 B, 5,160kgs] IFE Aakstd 9ol 1W8Y T oz
o] ¥ AAturt 99wt Q) o] A& XA ). 9ulwk o] MMM F AXE AW F
dEgn)7} AA9 407%S AASE Aoz YeEygs, 7|AAZ W] obd 7|4
Az vdd§2S dASE Ax0ES AEstdEis A4 Aihle] oF 11%7}
iz Bl§og A8dtE AL 9= vHAEE 5, 1998), FIEHUE E3
T AL HFHQ w7 2507 o]ojd & gt

£ 2 323 AW F7HY AF9H B4 (d 1713/10a)

H| 2§ T Fa(4) H| 32
Z49] FHEALE 7] 5,160kg 18,030,068 AEZ358 957%
Fd 5| 3,836,554 ZAgn] & 40.7%
I 8 F7HA 4,541,100
73 g
Azg, 28YF 9 1,044,652
A 9,422,306

¥ SLFAMEF7 25AR(FEFEFA, 2008)

A S elA = F Auarg 49 I AN F FFHL LHHE
Aol ?—lﬂ}’ﬂ‘”l“ﬂ(jﬁlﬁ S, 1998) w71 B &% WA4 HFY Az:7)d4 #F
A AEH R Axste B, 3Y Ax27dA 1232 12 d2A0 F 232
Hl 820 A 4~593F HEE S o83t PEgE R F= o84

sAbE Az7)e AAFE £ 30 Yoy diE 2EA H4e "4
Azx717F 200495 olF diF EFHUL AAF Folv FAA A=A dsd
2008 9,444 o, 20099 6,456 o, 2010d 5930 Wi, 2011d 12018 = 2d F<+ 7
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AT 20100 mﬂl 20118 %] 24} ©]4 F7FGH. ol F71AH A wA A7
o =¥ A& 5% 2 gad 5 gloey Ad 447 did |3dE 85009 o
9 At Az717 *MHO% Tkl REFHA Qohi & S g

FHE LFAERII= diFE AV)E o|8EY ARsed A7 nFEAET] A
e s o 09di(F 4HQ) Ao, A nFARVE AXE §
A o TOARA 2 5 AT - AEA G 40%7F AFH JAH@TEr1ATLE
F23, 2010).

* 3 A&7 47 BAds

e 2008 2009 2010 2011
AR
9,444 6,406 5,930 12,018
(/<)

* Source : National Statistical Office (2011)

ro
4
Fe
e
ﬂ
Jo
b
a4
rr

B3 I F9 873 Alo|dA 9 FEo|FH
| ROl tF 2 Fitd 9 EZgA LJFE=

o] o] FstE HAAoln AL N, AE H EA i) o RAFAAN £
2 do] dE3H+= F4o|th(Bruin, Luyben, 1980).

oj® Ed9 Hx SAL EF HFNA9 & o]Fd HUAAY & olF
Fegg o B FHA 9 FR olFo Afg Aurt He AS9-E AR
7] 7¥(constant rate drying period)o]#} &2, E& JEJ A & o]Fo] AX &
AL AT A5 ZFE&AE7|7(falling rate drying penod)°i THE}
(Fortes, Okos, 1980).

2Fo AZE HIFNUAEZE ol &3 AdAxe} ARV|E o &3 VALY AR=E
A v F eH, 744 Axde 4499 FFd 9w "ArHF FFHLE
E7E & It A7VAUAE ARt dz:7) A 714 SIHE AMEsta &
T o3 22 A=Y IVNE FFE E€FAA 4FHYA HE ALEste A
Z9 & Foste 94944 Az 2 YE 5 U

4E3 Hol Qe A=xV|EE 4FH AxES AH HEZANA AxE A=sd &
A7l AeHe WHed, €Y A7 FFE oJFL JA™HETH T, 1999).



2% 458 Ax7] 1 TAE 2279 FF dFEe] AVsHE FHete ALE
st glemw, ofdf 28 13 2] AVSEHAA TAE €S IR FFeE &
71H5S AAA Az YR €5 S 49 ARA7E Aot

Ei, |

| H
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| som —

| IS

| e ——

| .
Emm————

|

O 1 Al BEHE FAE AR

A
an | ne?
an 953
® —] "Se—7
l | I
#57 337 g
[ azxy | l ES I
oy — LE]
| C— I
< > - >
2% 65T 2% 60~55C

I9 2 &8 aFdxr)e A=y

#ae] aF AxE 27 29 Zo] x7)]2E 6TCAA 5~6A1ZF AXAF F 6
0TCOA 7~8A13, B5TAA 15~17A2HE¢ AZANF|E 2540 WHE 344
712 k. AxEVANE 2Fe] F4de] wo 2F2HEH FEo FEEES W
27] Wi 7t4d 7l AxFAH(drying potential energy)¥tg IF Y Fi



olN

A F 3ol FE7F B2 F7)7 s TE AEE duRe &
At z2Ey 23] AxvE JPHP wEt Frdl Yol n AxEER
o Ed J1EE I ARFAGHLF 1FY FEE TEAIA
T9 AHZ digFE fqEdn. o WMEHE

dE FEAUAE 71T YL s E3sta LT A
Fob oA el g z2sA d4.

Xy e

my

+

r

4. A&7 Az EAY

ozl g 4T A2AAY AF, TFHEE EFINUAY w2 254 3 5
YAz ALY ¥ 258 2 FE HEAEE EHgd % FESL
=t AxzvF AgHE AU, ol AE FH= dF o] «#HEA A
B25H F8E 72 A3 =7 wokx €% 2 Wl okstEE tge dol
A7t F=9 W& A ez HHAA He g3l JIHETHE T, 1999).

o]Fx #Y EF ARoNME dAT ATUASA AP 2= Axd IV
& 99t dAES AXAVE AAZE TS T 45 Y U= WIS

2 BUH, Ur A die F71E A7tES SHA 43d 43T 2=

717} Ho| v A Ax dAEd FHcte B4 S BEFHoR oz A
F7F o] FA.

ol W = 943 A=A ASode 7HEE 29 AxF77t AxE7) e
aFY Fepgol 7] fiEd] AFEFH S FESER UM AxF7) A

AAFRF T2 5% Ho R E HEHEE JquAY 2L24L =Y F
At

g a5 dx7F A4 9 Jggel et 239 FeeE BolA
R oA A g B, 7MEHe FEE §7]9 A= FAHUNFY F
ANZ1A x5 FH7E HeowEy, JAXE o FEE o F2AE 5 3
& e AE A5 I ETstsl ARE B A olsts 4&o HEE HA=xRE
9] Aot Az FHIE deT|A A

EE, s AxsE 28 9y AxHL FHARE 245 AXSE7 =84
Wi-ol sz dASHA =He, a5 3y S5 (FX) ¥ FRAx SET
Hj7h @A g, o)A F sETHE st ZF ol $Ho| T AXAT
9 F7tet Fdol AHE EAFE AT

e A

BN

BN

mr B
)
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2, d7ASY ey

2 a7 FALE I" 39 Zeo] 2F AR A9 Steaming HAH L AP
AR, d2ARL 7MEE 017 7 A2FAYRE 139 FES FUA
1 F UEHES 3= Aot o Alosr] fAsA= vieTE 2 A" F
R =EEie W e TE Qo §x7F 1€ F7E WMEAN Y, AR AeTE
232 7tEd F71€ freAA 43F 57 d9 HEdte 3gE BRI A9
0. &, AxE719 2x=A0 B olYE FEAR FAlY dAsEE s A9

D' -
-

'® D8 IS S T
e e am
ey 35 b Pz
] HEY " HEY . HEY
— - P
8§ g L]
On off
: v—¢

¥ 3 AeE 3FdE7)Y 2REA S A=

EF, 15E dxstE 282 U dxH3 FHRE E5E q2EE7 =9A
iel Rz SASA =, 259 7y SFFE(FA)S} Ay FRAE FET
W7 AR oA FETHE Ast iF i e dAste AxAz
o] F7kst F4o| Asrdr. ol EAFEZ sAsr] fslA A2 Tl EHAY
(tempering)°] HEF AAZAL ALE7(H7)E AXLAUE FRA7 = AR S o
g Y AAES Aojst= Aot

FAE ARNA Temperingel# 3 ARE] 719 Fo] A A5 IGAH
¥ dzxg Uiy sEL UF F71¢92 F8td $teE 222 93 oA e
4= 1T YI4g nEHoR FYPFOR AT F3 E QUAE AFAH
T = Wddeltt, H g A2 FEde Bl HEHH AR uFe 2 FUAE
Az o4 ALHI YA Bt

2N, 259 gk AquiE FAd A& E B5ol AF4 ARk F

2



AEA g E40] B=A HasH, o]F T3 Foiz H3H dAzze=E 4
YA &vE H2Fsta o8 FEE 42 T ZEE AUXELY zF4

z7)¢] el "o

2. 9471 ¥4

A&u7] AZ2FAQ #Peo] 2FY FAE AXI|NAY AZEE AT oY
7 gHle EAHE Adstn A= duA A7 Jle LS st B A s
Az g AdFES Fui7] AE JI2LE 7|3 ES & F AR 48 &
g FASFHT 283y dx A 2L AxFU)9 Az FAYE S8 &84T
F AEF o 15 YR FiEol uF9 iR 4&F o5 F IEH
vy EAE Fd3e dx WHE FEPr FAE Az HEd
(tempering)o] & 3 AZE 714 Fo 4A AT ¥FAA 3 A=E J79
SRS YR Z27ge gt nigoez A22 Ay JoA = ARE 497 Y
£ WEAHoE FYFoFH F2EHAY FH 9 Ax A8 qUAE AFEAH
4 E Weteld, 2 dpdAE Ax Fo dF NAEL AL T/NE AU
Z H9 2 &) He 44E 99 W AXEE sgod ojHd d¥ge He

2 FEAE Bl J&H AT nF e} L FAE A E obF HEHn
YA gt

oo AT B4 AY 2FPY FAE AXV AN Axd £8HE
URE d38 ¢+ e 255 Aoy dx 7l AEE A% 4 Axneg A
= den, FAHA WEL ggF Ak

N

(1) T35 Az AT A2 E AAQsa, dgd SF=AHAY A=
A¥L H3 SVl 47 2 2] TFe] 4gs AAFAs 2ddE
Layout®] 47, Z87|A9 &F7 27|E dHsto 48§ A=x7E 44 ¥
A Zghct

(2) A= A¥=A4 98y A=z F ¥FE L IAF F7)7 A24T 7)
AAdE 88 & UEF 3= UYHTSERE, R ITV|E
E BAAZ F vz iEAE 5 e Wr|EREER A ¢ e Az g
2 FH AojA|2dE AL,
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(3) eFEANENY AzMPoz A% 28 A, AZ 28 YA, FE A7
&9 A% 58 27 2 A2 Wy FA9 FHgo dxHe] oy
@ 9ol QA A& Azt wT - AU,

4) 712 49 B A& AdFeM ey Az A dxx2dE 37 A4
Page 295 #4835l 494 AEsa Ax4S 780

(5) A3 AWatelal, ME B BE 5 HE 238 AAd F Az o
239 $E AED FBRAS B,

6) F7] Az, W2Eg 4= 9 7] A2 A¢e HA%D WS 2

EAIgA S o] & Ax Jed F/HE IAF A=R7S ALd HEE F
A= 7IEARE AATY.
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A2d A4AE Zx 2 Y§

1. a77%e AFExE 2 20§

7t. a7 AR HF %

479 FRE 2542714 dyA AES wol7] Ay, ‘2E79 ‘FE74
SAA WRHE FHEe, A3 Ax FT-F7)d WEH= 7tEE7)Y A2FAHE
A g o] 8¢ nEE AURANEHRE M8 ZFAEY] A

E a7 HHE g4y st g3 e A7 HEeRE FPer
- AQARE B AF7] 2 - Fk A§ 1F Axr|Y A4 4 A
- 25 2 5 AoPEd wE 1F Y Ax a9IAF
-2 2 $% Aojid nFe Ax54 £ FF 4
- 7 24 & AF ASunIdFH A
= A ZY AR FR] 24 f AFAIE
- A&7l 2 2 B
- #3 dib] AAA4 B4

1} e Y&

O HYAFE A=A & o) &% 159 Ax £ ¥4 54
- AEATE 2 -85 Ao AR 44 F A
-2 4 % Aoy fE nFe A=z 8AAF
L 8 gk Aoiyd uFe d2BA # FAGF AL, Ax B F)
=
- & =74 2 Ax ALy F AL

dr o

O IEE JdUAEZE mFAZR7Y ANIAI|(F7E #H7])] FLAAEA=RT)]) A
L4

- ANFA7 AA L AF

- A&7 E o] &3 mFe AXEA 2 ALY

- A Y NUAFA 24 L A5AY
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- A4S $4 B ng
- @ O A B

2. AW AFALS ZE 2L UG

E dFeA A49 28 24357 A% 47 U2 dIAFE E AR &
- HE AYE 13 xRV Y HA 2 AF, 2 E F5 AU o 139
Az 2AAY, & B F= Aoy i Azx%AY ¥ FA B4, 47 237
o mE Ax AodneF AL, AFZY qUAFA B4 2 ATAE, 2779
T4 9 2 A3 dv] AAAY 24 Folt)

E A7E 13 142 A4 229 §% AqWHEE AE39 S o 139 dxS

= FA5YE B48a, olF #43 naE JAVXAERY v nFARY
& MEsle, & 2d % A7 olFoAth 1A= A9ATE AZEA
g o848 nFY Az 4 FH AL A7SHZ, 2AdEdE nEE JAYAA
28 nFAx7) 6] AR7ICe7HE A7 sAERZE7) FH)E ALsE

AENGug A= 255 Aodyd o& aF AxZA, AAFA F& A
T A HER 515E Axsto 5l AXENH AxEDE Adetal,
FE Aol mE AR qUAFA EXE 1, £FE AT #39 i
E dagHdd mE 159 FAEAFAA, Ak, FE 5)& E438 L, o w
2gE Ao HH duzEE ALsAY. EF olE Ax7| HEsto
E, 544, 49 §& dA3A AeAEL st nEE A 7Y 4
71 AdetHo
B3] 1F AR 272X 65CANA 5~6A12F AZAZ F 60TA 7T~8A17,
55T A 15~17TNZMES AZAF = S2A4o] FE e ALA7 3L At} AFZE
71 s LFe] Fy&o] Fol AFERYH TR FESHET W27 HEd 71Ed
F7 AZFAYENT 139 FEE FLAEY £ o] FE7F =& IV viF

5
T HEHH YA F&S w9 5 o 2BY 25 Axzv AP 7

o [
o
oy

o rin

PN

4

% FFge RelAL AZZEE Woldth BE MG F: A=AAHUF
259 $EL FUAIA BRI 2 £E9 FUZ METE ALt ok W)
9t 377 2Re FEE FUAL F Yt FEAUAES AT YglE B
Foi 2Ewg AFes Azae Askst duA YUE e He, B
A7 Az uIFL TF AZ A A48 BN A AR
339 £EE FAND F REHES e A=AE Agagch
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o|Z Aojsly] SFAME HMSTE B AT Fxd =IEEe 9 WFFE
do] FE7F ¥ FVE WEAIZ, AA ETFE =3

ARG F=rt HE Ese 43S BHEde Ao &, AxF7|Y LA ¥
olgl FrEAOE FAd o|FAARE AEEHE AFXIJUT. =8, FEA %

NN 94 AdgE E2A AlgE Ae AR FbetE nEe Foeol
Aasty) Eo] Azd WRe] FUYEESE Roputh 137 HEd 1ie Az
TR ANEES WA Aoldck s, of R W FEAIPYL

HE A o) (A 7+ FEzkAO)E HLsle AEEHE AZFstE).
AFIGA A w2 77T SEe &S vhE & 39 A3

3 97E Bx BE &

i A= AL E3 ATALe e

e

- APAFR 2 - FE Ao ARZA
o] dA R AF

- 2% 2 % Ao g nF
o Az 8AANY

- 22 R FE AoYydE nF A
254 2 2T

- 33 zdd & Ax Aojgung
= M

- A FA7 AA 9 AF

- AFA7E o8 nF9 AxEFA
O AL AUANEAF(E FAEH

2203 % | 2013 |mEAz7)Y A F7) Al- AFT|Y AduAFR 24 @ HYB
13 ak:!

- A7 4 2 rg

- #9 d¥ BAAL B

O AgATHE AZXRFH
12dx | 2012 (& ol&% I3 o Az

2 $d 54

F 4ol 72 47 BEF R I £A4E AdE e FEYAY
dEdEat FJPAd AFol 42 FHst st AAE TH2E UEd
Aol
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H23=Ue 7=/ 8 &

A1d S -9 JlsAE R

nFe] Az g AaFe F44 A% A7e ¥ AFH FAA 23 gleH
Az BE4E& 4787 fstd o948 744 399 &= 4 g A& F93
Hzste] A2RAE A3 29 e AxRIE AAse] A AzzAs

U x=8E 3 o2 . EF, AxFe FEARE FFE Ao, A% F=
HeY o2 BAse ofd A A= Ao oed FRAAEE]
A JeEtE=ERd g dT7=E AFPH om gt

BE AXYHE Adstn 2254 47 Hste 93 2 ddnFo) disiy
25 4 49 g FAEE 253 AR FE aZE7] T dT7E ddeH
AAQS T, 1974), d7& T3 9P 1F dxJ49 BEFL dAxxrde o=
AX 9 settling down TS ZFEI 1O °)F Al 27] FEAZRIE BHIey A
2AZATE FHEAZFAE Ho] ATEFE N o2 Aol HAZEQ 5T
ol A 15A1tel v} HPoha st AdarFe AxFAAAE AxEE ¥}
FAUTD ey, dvnFe AxyyL P4z 93 Rt} ZHH oA
Zh xR BT of 28] o] AEAE @EE 5 YA S5t

AXAZHE 953 478 F49 AxaFE 9§ § & Axx71E 27
A% A4E AT F, 198785, dx F AdxxA9 WHIrt a3 A
ZAIt 2 49 mA= 9Fs T G §EF A=A FAE
o] AUEFET 20%, 100%, 70% €28 Ax £x7 Bxiton FUd3 FUFE
dre AFE 25945 Az By APHUGR A} Steaming A 7HE
2FHBAIZE o) AFEA e Ao AAAQ] A= EHHAOH, Steaming A
& g AEREZo| YAAT] Y 27| AUFE 0% 2R o @F] A
ZHY Steaming HZRU= AUlFE 20%9 ARZANAM Ax/F o we A3
Ao stgeh 27 AUEE 0% $Y, A2 tE 27 A7LeLE =749 of, &
7} F7k%el wEl AzZ7F #wE I 7)Y 66TE SteamingS 3A)ZF FA,
5T, 20% RHZ 3A13 A= & AxE ¢88= 139 FHo] 71 Excka s
A}, 27]d 75CE Steamingd 3A17F #A4), 55C, 20% RH= 3413 Ax & Ax
g 953t 2AE AT 95, ¢A9 1FE AL F JE 2de=E BYHNL

He o owa o

—
—_—
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H 75T o489 fdA A7z A2 A= F2 A 97 doxn 3
o dAzE7) 65~75TY FL =AM HFT ALEet e % 7Md3tyo
AZTE5YHE AN F F75 BHTE 7149389 & d=25 Pl Ax=wi s
A A3 AT

ol¥4 F(1988)2 sz A e Fro) mt AZEAREe] F Ao|7t TS
F, Fy9] FAY e F Axe #y JgdEne Aoy, FEF AxxA5
A AEEAZ dE F EFE200 AF22Q AN A AFLET GE4E A
57t 5% ZA HEETHI 3o o] 35 ZFY AFANE EfHoER
d&d & 9 AFZEdL Page eq.? Two-term exponential eq. 22 elytt}
51 1 sk oh

AT F(1989) EFUF 2 YA EAbe] %
Aol FFHel BAGe] 1F &7 FEFTE AEzAHQ Ao BTSSR,
Ao H BA Axd 93 nF AXEHE = 2
#oaA JEsEL 5159 Ax A8 AZME §51FY 2 9L Peril HiL
=

Lee 5(1989)2 7oA Al&-HE 1F:ARV| Y SAXAEL 139 AxEdH
FARNSRA S AP Her FHsgen, A AHEHE
£ A E FrtEok stz 4F9 29 wir|FIY AeBES 29AR ¥s
A7l AEAA 0| dUAA¥E #AAAZD F AT AT

2eFE B(19900 nF d2vt srhasedA PsAe dAZ doE sHFgle
FEEel wet o7 7HA EA Aol A7|He Ay g ERaFALdd AHE E
AdE sistnA stte] FRAGAAAN 23S JhEstEE #E) o, d7E
M= Hejde o HAIAZHE 8 7S AESAT HA A m
& a5 /1dAFel A 4L Lo AFxLQ A dF UF Az v
FAAAR 1F0 ke 93 FFE wdori ot dde]l F B AxdeA
A AE7Y A7 EFH BA A E A3 AdArtE G4 dAzde] F
g3tz R

Z87(1993)2 U+E 17T AXIFE A5=2 A AHY AaFE A
AtE WS A8 nFAAe] AFEo] 1FY AxSE 9 FHd vAE 9F

& #AsgEd, 25 39 AF¥EL FH 271 2 AF, 1 BRI
o.u]

—
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oz Qlate] Ao o7 A HEI} Ao A} FH A3t A= 2

H Pt
£33 519992 vol= 24 248 IEFHLE o|fte] Wk Al LA

HEd HIFANUAE o) &3te 2F AxAHE FAEP e, 4¥7E A=
8 7|37ke] 13Y Axgon, dE27 = 21 A= JEyds Busg
APE 5(1999)L Qe d4FAxA, AxAA T FEFSE FAdAYo=
A3 Ax modeld] 3] FANHE F8, Frg& dFXNE T olF H4FA
¢ vZF 2N modeld] FEAE HESATH £4F 7XE modelS FAIEAHY
AzYA A A 55T FE §5E ASEE HAAT, QM FEFESH
A% D_(eff)9] AES =4, 28la D_(efHHF 2%, 5§ 719 F@AA o
& F7taT7r dRsittn Stk B, 44 dze 18 AzxdAY F A=z &
8 A2 "AHgo] AA AxAAAAA AR = HEH we Ty, @
9 743 dFAF 7 39 A AE3 v A e vz v W,
Az 289U A e 949y 7 dFAx 73 k9] AZHE7F AR wE 72
$to] dEFddz s EHFH A o8 AAEE HF-Y e THle HEEH
o] F& FAAANY AxEx F7ME MALUE FdAE 2 4 AP ENA Y
AXEEEL A=E oL HolA ¢gol, A3y HAAY {5 2 =2 7|3t
F3L Az F@Fe] dEZHYe ol B AFdA Ade d93y 34
9l AYdM HxE Aoz FAHEGT HIAGFH.

HeE F(200002 nEFFFAZALAAN dHEF] nF AXAEE AT F
HzdoA d#F dzx A dx ¥ &S e F2E& 4L & Joha |
A, Ax FAZE 9E2L0 52 W, AFEI §ol3 HE Ax7E AHgst=
Aol FEdtn sigith HY AR E ALE A dunpE AAFHoln &
o® Ax37] §F AxFT7Y FYTFS wWlEed X HAXEY FFE WX
& E9 ¥ e dz 238& 757 93 HY dzrdA9 ddnF A
A& TR

Ee, 13 AR F FAY/ 4 naEA @ d7E FX Fxed, 4T
g 5(1975)2 55T Hlu® A2dA AZXT 7159 9# ARy 4dFAx
o vmale T Egittm P oH, 60THA AgAzedE dFAzRT} 23]
# ¥ =2 AN ko] yEhn, 70T olde mEoAvt HAxE B A g
Fo] T30l ¥gdn k. AFRLEE 55, 60, 65, 70, 75, 0CH FE-3o A
RS AY LAY A FBAAY FFE A e RS HAGE FHLe

r
o
r

B
Mo

ofr

fr

'I.

va
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W, g Az HLde 4F dzd vgte HAEAe FFE =gou, FALo]
Ale] ggke 55 60, 66T A 20~30% A et B ad.

HEA(1975)2 43 A=z B~28TA 169 &9, 28 A== 60TeA 49
Al 90TAA BAI Y Zx8to, Zhzhe] A2 #AHE EEE 89 carotenoid M
%9} capsaicin, vitamin C$} free amino acid 2 free sugar® A& HIE ZH3}
A}, carotenoid Ay DF AFdA AX a5 vmsle] oF 4% Fr1EIELH,
60C H WTE A=x% AL F 30%9 FAE HAvhaL At capsaicin® 73 -4,
AF 7Axe Aol A zHEEG F 2F FIEYEeH 60T 2 90CE A A
T Z7ksk= Aol vtz 39y vitamin Ce A 7R A BF Zisgey
E3] dF A=z RAAM 89%E Aol Evian Rusgtt £ total amino
acid®] §#H& 9F Az Ad nFo9 o7t A ALt 60T NTE A
2% A% 247 24.9%, 674%9) 4S5 B om, total free sugars ZF & # ol A
RE 4% 2438 JYegdon B3] glucosed) F$ 0T AXTAA 659%E F
743 AP Bistg.

HEFA 19N FF FEHIH ‘FHRA T
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7t FAAE
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pericarp
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Fig. 4 Shape of a pepper’s section
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aFe] FEXE AAE A dolE, AFH L FaFY FAZNH AA H{Fe] 4 H
= AN FAHsRT. #F2 HEAE ¥ Y2 SASAUT FFE AF2
12456 mm, #73 Ao HT 1944 m, 20| 169m E H}FL2 1876g9 HHY
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T &34 A48 F94 FEAFED-720, Kett)E, £ 8= 2 AF A4dL e
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Table 7 Length, diameter and weight of red pepper

Length D1 D2 Weight
Sample No.

(mm) (mm) (mm) (g)
1 135.2 183 16.1 19.2
2 130.1 19.0 16.9 19.7
3 1279 21.1 17.8 216
4 119.0 21.1 185 20.7
5 1257 198 17.2 18.7
6 1283 204 17.8 19.6
7 110.2 19.0 151 156
8 123.7 194 174 188
9 1184 189 17.1 183
10 127.1 174 151 154

Avg. 124.56+7.09 19.44+1.19 16.90+1.14 18.76+1.97

Fig. 6 Infrared moisture meter



Table 8 Specification of infrared moisture meter
Model FD-720
Detection of weight loss by heating & drying

Measure method

Sample weight 05 ~ 120g (optional weight sampling)

Readability Mass 1mg(0.001 g), Moisture contents 0.1% / 0.01%
0 ~ 100%(Wet Base-Solid content),

0 ~ 500%(Dry Base)
Sample 5g : 0.05%, / Sample 10g : 0.02%

Automatic / Time / Prediction measurement
Digital LCD (137 x 43 mm)
30 ~ 180TAT)
Max 626W, Infrared quartz heater

Measurement

range

Measure precision

Measurement mode

Display format

Temp. range

Heat source
External I/O RS-232C Interface

AC 100 ~ 240V (50/60 Hz)

Power supply

Dimension
220(W) x 415(D) x 190(H) mm / 4.5 kg
/ Weight
Sample pan Stainless steel (Diameter $130 mm, Depth 13 mm)
Option Printer{VZ-330), S/W(KDL01)
L Ay FA

(1) 2898 Aaxv9 g4 44
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7] 2 WA, 488 AX7]Y Layout 74, 2ol W& Z FAEFY &F 4 3
71E ZAs A

Az7) g4 AR AAAE AVHE d9LE 1 dAss 3L 537
5 AMgete EFoE FHEY 4 e AE 2FWAeR sow, AFr9

=

Layout FAL & - W77 % U% 8 4pe F3s B9 Az & A
TFHS) eFEAY AzFN A H/TE E2 B F Q=T FHHAL
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# [ il O | (E—
_( vl Drying room _?DT Drying room
b I I
Heater Heater
I —
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O/ N/
Valve Valve
(Lower) (Lower)
(a) Internal circulation mode (b) Continuous ventilation mode

Fig. 7 Air flow of the existing drying method
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Fig. 8 Air flow of the fundamental test
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Fig. 9 Schematic diagram of the experimental dryer
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Fig. 10 Algorithm of a basic experiment
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Fig. 11 Algorithm of the traditional drying condition
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Fig. 12 Wire diagram of the dryer controller used in the prototype dryver as a
fundamental study
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Fig. 13 Controller of a test apparatus
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Fig. 14 Indicator of weight change for the test



Table 9 Specification of indicator for measuring the weight change

Hems Specification Items Specification
Input sensitivity (.45 LV/D Hyateresis 0.01 %FS
Fero point -06mV AC 110 /220 Vi{+10%)
Power supply
adjustment range T+ £20mVY S/A0Hz, 30 VA
Loadcell supply Workable
DC 16V (£5V) 0-40T
voltage Temperature
Max supply Workable
EZmvV less than 85 % RH
voltage humidity
Temperature 200 x 105 x 170
)6 VPP Dimension
coefficient {WxHx=D)
AMDemvet | e tteeral | Wilight 2.4 kg
=13
method

ad 15olE % =27|(TZN4S, Autonics)E YEUSY, 2 2x=4724
o] ArHI v REolA T, £ d7dMe HEgE 2xddM &¥EHe 7
FHoZ 3o HE% FI0 =SS 9 A7 AWML AdHE dEE
Y= 42 LA

Fig. 15 Weight controller
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Fig. 16 Schematic for measuring and storage the data in the fundamental
test
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Data Logger




Fig. 17 The dryer for used in the
fundamental test

(a) Inside view (1) (b) Inside view (2)
Fig. 18 Views of the dryer for used in the fundamental test
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Fig. 19 Data Logger & PC used in the test

Fig. 20 Photo of the temperature and relative humidity sensor
used for the test
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Table 10 Specification of relative humidity sensor

Items Specification Items Specification
30 sec. for 90%
Measuring range 5 to 95 %RH Response time
Change
Unit of 4~20mA for
2% RH QOutput signal
measurement 0~100% RH
12% RH from
Accuracy Power supply DC 15~38V
20~90%

100

80

60

RH(%)

40 -
. Measured mA ve RH()

Predicted maA vs RH(%)
20 - : s
=625 —25

R = 0.9999

mA

Relationship between relative humidity sensor cutput and value of
relative humidity

Fig. 21
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N AxE AEsRe A¢ 49EA0E Sk

Table 11 An existing drying method as fundamental studies

Heating with internal | Ventila Drying with Weluhh ol
circulation —tion continuous ventilation
No. peppers
Temp. Duration Duration Temp. (ke)
] Duration
() (hr) (min) (T)
by 14%
T1 80 4 2 65T 3.75
MC(w.b.)

AT 48 7492 /ML 83 Ax F LH5EAY AxW4L ® 129 4
W A3 gon Zby] & AR AR AXEARE dostax) st od A
Zzlo] Azxd FE3 AUAE Ast7] fste #P9 =9 7L £& A=
F dgujy) AxGAFH A9 A, 29 A7 HAER A, FE AAE 4
AZE T AAE v EH Y

Az HHE 717 g2 & APoA, Ax ZI7|dE Az FFse 4F
7191 2=F& B0C= 383 &F 37149 #Y & w778 EF B& FH2Z o 44
7t B¢ M 28 AxAAL FEOR FPT 2 8wy S Tuly] AxzE F
Ae 2&=AY AxYHes EF T E&7A AZE viFE e Aoz AFE
A A A

I'N

ot
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Table 12 Various conditions by alternate ventilation drying methods as
fundamental experiments

Drying with cyclic ventilation
Heating with Ventila Heating with Weight
’ : ; y . Ventila of
No internal circulation —tion internal -
: ~tion
circulation DEDIELS
Temp. | Duration | Duration | Temp. | Duration | Duration (kg)
(C) (hr) (min) () (min) (min)
El 80 4 20 65 40 20 3.75
E2 80 4 20 65 70 20 375
E3 80 4 2 65 40 2 3.75
65 40 2
E4 80 4 2 65 55 2 3.75
65 70 2
65 40 2
65 50 2
E5 80 4 2 3.75
65 60 2
65 70 2
E6 80 4 2 65 30 1 3.75
E7 80 2 65 22 1 3.75
65 22 1
E8 80 4 2 375
65 42 1

MR Azke] 43L& AR 5o £ go] B
AL AAS F, Az Yo AFWF Rz WE2HE TF] WF
2 @

22 YR AAL g A (el os) A A 0306 M o2 YEge
2 A%E 98 £U9F Fade ¥ ghete] o 0302 e Yo}

3
Y

, A

V=WxDxH (1
= 0.505 3 0.645 >0.940

= 0.306 m’
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Az4 oA RZ driHe F4& 9 229 UEd FESAAVM-03,
PROVA)E &A% on A% AYL ¥ 139 o) vi& F7|9 F52 7] -9
A4y ddelA 538 98 249 F7EQ) 1.0 m/sE FHT

WATE A7 9 mmollA w7 FAFRFE ALSE 694<107° m'/s7t Hel R
Z4 | AFA HFsl= F717F EF vPReE YrtA Hed dEs A ¢
435 2% A8dn},

Fig. 22 Anemometer

Table 13 Specification of the anemometer used in the experiment

Model. AVM-03
Range 0 ~ 45 m/s
Velacity Unit 0.1 m/s
Accuracy 3%, 0.1
Range 0~60T
Temp. Unit 01 C
Accuracy 08 T
Body 168 x 88 x 26.2 mm
Dimension
Vane 132 x66 x 29.2 mn
Display 3-1/2 Digit LCD
Power 9V Battery 1IEA
Weight 350 g




Sil7] 3 2gEA 249 4PN Fei7] A= F 2089 HrE AAF
R ol= A=4 A9 o 0] APt w7 ApEAM FET W7E B5S)
o 2EEAo Ax 2HE HAs A¥& AAE Ao

71452 W59 tae 229 FI7E &= AoER dAuAs Azl
AR-2 WEHE FRoH. IHEE AEG WIE ste A7de duiR g g
€ 294 + Jong A4 A ¢ Jujd It W SAFRA w7] A

2Ro.2 dAste AxdFE AdA s
B, A2 AFY ¢ 158 B | ReRA v7] X3S 1EeE o
% 2350 A A3t O 48219 A2 28 duA, Ax A 4 AL
48 AEEY ZAAE W2t

¥ 23de HE8 ARVE kA 2HCE EARE W A2H WY
E718 x4 g ¥Ee S|, -7, 3H R $£50 d7tHE A9
o AH T& EHFHLE YEhIAH.

Temperature /—\/—\/—\/
Relative
Humidity

m{o

Air Intake = C =
Jpen Jpen en
& Vent Closed l Closed . Closed P
Heater
On off On off On off
Blower e

Fig. 23 A proposed control of the temperature and relative humidity during
experiment

(2) 3¢ Axwd



a3 Az HFAG AZRAE Fedr] fdte AxEE FoOA ®e] o &He
Newton REE HIS Page X2 Ao, ol U&e 4 29 Zo]
Cikzh=
M) — M,
M,

e AR
— M —exp( At) (2)

€

A7VH, M(): ¢ AL WY AFNE FFR(EF)
M, P ARNE X7 GREES)
M, ARNE BYEEE(ESF)

4, BE AT 22T Y exs AUEEe Y52 Yehdn

AFAIZL 1= AFAA =718 7] AFALE B2y 2385 JAA AxAT0
W Zizhe] d¥E EdHe o5 Add EX FFE7AY &8 AT (Drying
time) o2 A3 Ao el

BEFFE M HE AEH7) A%l thed 4 (3] Yud +4¥ Henderson
4 Agsgon

RH = 1—exp{— k(T C)(10071,)"} (3)

Azt b =1.2188 x107°, n =0.9913, O =257 o|® RH: AUFE(LF),
T:LE(T) oln FY#A5E M 2 A dehhd oo 4 (s 2k

1
_ In(1—RH) | » 4
M, _0'01{7—!6(%0)} @)
M)— M, M) — M,
#1¢] Page B4 oA W% Ha Fealeln M = = o= Fo
| &9 2 (59 Zrh.
M =exp(—At7) (5)
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3) A=z 28 A

3718 Qs Azmel olgatE UF DxJ)Y A= 28 JUAEL FrAD
AW, $£E7) T5 U FAEG. FAAGel sedE AEHY d8Fe o
& A@)oz AN,

. G e, Te (T —1T ) ©
¢ B
o71A, P, : 3lE EEF W)
: %7 AFRF (ke/s)
c, :AF7] H4E(1.007 kJ/kg - K)
¢, * F%7| v 4 (1868 kJ/kg *+ K)
H #7149 49 g%
T: 49822(T)
Toon Q7] %(T)

B, e dEE(LET)

olH, £F7)9 48 FHL UL 4(NE FAEH

_ oAk (7)
f 1000,

q71H, P,  FF7]1 THEKW)
AP 1 &F7] A (Pa)
E, : E&(05)

Azd 2849 AUA = F7171E dHAG $F7] 7F AUAZRH 7E 5
At 37171 R g 37 7% A S # Pk])E w59 4% 2

P = 3600(P,+P,)t ®)
q71A, ¢ (e AFX 28 A7relr)
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FEZWEY ¥ AR sl

ZtEE 710 gt AzxV]d FHEE €2 AR
ALGER AR dZdd Axr] YAE Foto &4d9. A=xV)Y dE5EL ¥

F9 U FEEFHGINZ A, T8 AQ A,

_sesuge | AMn, ©
L= 36001, P,

A7NA, 0,  AF7)2] ALE(%)

AM : AAE FEFAke)

by AR Y FRFTHEKT/ke)

Az719 AFHNE sty AX7] AL o9 H48 ol A (specific

energy consumption, SEC), 8|48 &3 (specific power consumption, SPC), &
A A& (water removal rate, WRR), 7%&(ratio of dry, ROD), A% %8 (Drying
capacity) ¢ AH&-EH Zt7t o83 22 2(10)~ 14l <3 Aitstso.

MM P kg2 (10)

e b a1

£
FAYF B Tr€ =8 A duF9 A (ke)

AASEEA  AM
WRR = oo oy, /] (12)
grg e Wek | AMC
ROD = Zizpang = o Lo/ (13)

) ) Fek T a5 FA
Drying capacity = T‘;d _71:2: w ;\?Z} [kg/hr] (14)
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(4) A9 AE

oo

A3

F< F49 FaFE A6 st AiAl 7] 75 A% AYE ot A= T
23R F2 AnEE Az FAA BASE R Bx 5. d¥o] FEA
ZHAE AdA7E 890 Hi Q. aFEE 433’——’{‘—4 AL, %H*‘H’H\l A
59 FEAE HEO] o= AE FHHe A=t FAH ANE AAlE FaE 9

433 & + 92 oW AAlN, A% @ FE 49 gL vhedt 2o

Oh AxnF9 QAo FF 24

AnF9 Capsaicin &#Fe SFRAYHLE F 14o] vehdiled, A7 AgE & 15
of YetAet 3E7tF A8 1gd acetonitrile 10 ME Voltexol A 283 £33}
A 1m-E H& F79 Ind-2 ¥o] EF3 F Sepak clean up — 79~ : acetonitril
=1:1 (V:V) = 10mE sepakdl FHA)7It}. Sep-pak C18 (Waters)<
CapsaicinoidsE &2 Y+ Ado] AL BZE Sepake] #27] Hd FiH+ =7
442 clean upd sepakel] FI A ZIt} acetonitril 4 M2 sepak®l] FFA|A vialol
23, sepakd FFHAZ 10me] FHRTY  acetonitrile] E¥EET HPLC
Autosampler vialdl 1A= &4 Y&t} Chromatograme Z#e] zk Ao 3
Al 408 FHFE Ao2 FE YeEhidth

Table 14 Conditions for testing the content of the red pepper capsaicin

Item Conditions
Model : Jasco(LC-900)
Instrument
Detector : UV(975), 280 nm
Column Crest pak C18S column
Mobil phase Methanol : Deionized Water = 65 : 35
Flow rate 1.0 mé/min
Injection volume 15 h
Integrate Jasco
Chart speed 0.5 cm/min

_65_



Table 15 Detailed conditions for analyzing the capsaicin of the red pepper

Column Creatpak C18S 4.6 IDx150 mm
Pressure 110~120

Temp. of column 30T

Necessary time Capsaicin 10.30minutes, D—-capsaicin 16.00minutes

Sep-pak C18 Short Body Cartridges
Part No. WAT020515 Lot No. W8348L.1

High density Polyethylene 20 g Frit.
Injection. vol 15.00 g

Ren Length about 20 minutes

Filter
(Pre-treatment)

(th dnFs 4% £4

Aage Ax 24 BEdd 2571F 005g9] ofHE 50mE Fo] EES F
H A2oA 1647 HAE F 332 460nmolA EFFE=AZE o439 FF
T2 ZAs5te] ol A5 ¢ste] ASTA (American Spice Trade
Association) &< 73t YEUISIY

O.D3F =< 164 (15)
Weight of Sample

ASTAZ =

(th AuF B35 24

ZA5Fe Fx 242 HPLC Wy o= siglon, #4] A =373 AFAES &
169 179 vetgidch. X7t AR 2g0 F/FF 10mlE 718t9 250ml FHihx
g W Yz & A& t}e, shaking water bathe] 25%3F F9dch 4 A
shaking water bath®] 2% 80TolA 40mpm 2.7 MAE3E AAT 3 #Aujo]
A2 A 4X7F T ARAXZT, A F 297 AH3 A& 045 microfilter
or sepak(Waters)d] E3Al#A A=Z31 HPLC Autosampler viald] ¥&d) E24dx
9] Zt X9 g 0L FAHFE AR = g& JEAth
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Table 16 Conditions for analyzing the sugar contents of the red pepper

Item Conditions
Model : Jasco(LC-900)
Instrument
Detector : RIS30 detector
Column Carbohydrate column(waters)
Mohil phase Acetonitile : Deionized Water = 83 : 17
Flow rate 1.0 mé/min
Injection volume 20 b
Integrate Jasco
Chart speed 0.5 cm/min

Table 17 Detailed conditions for analyzing the sugar contents
High Performance Carbohydrate Column 60A 4 /m

Column 4.6x250 mm HPLC Column
Part no. WATO 44355 Lot NO. T81141
Pressure 90~100
Injection. vol 20.00 uf
Run Length 35 minute
Temp. of Column 30~35T
RI Temp. 3BT

Fructose - 8.30 minute, Glucose — 10.70 minute,
Necessary time
Sucrose - 16.00 minute

Micro Filter Cameo 25 N syringe Filter Nylon
(.45 Nicron, 25 mm, 50/pk. Not No. 69617

or

Sep-Pak Plus C18 Short Body Cartridges

Part No. WAT020515. Lot No WB8348L1
High density Polyethylene 20 gm Frit.

Filter

(G) 2F 439 FAAA E4TY

Anel AAolA B, Ax B FE 2ARE A2 v aBAA] 95l



SPSSE o]£3le] one way ANOVA A& F3lo AAAAE B4 71
T8 A2 F A5y A 219 493 Fulr] Az, w7 A 2 2 5
Tzl Azt WA 23 58 AR ARAET AaF 7 Palel, A g F
=9 Alele] oW #AZ JEA F-FAFE o438 dLEAENS 4AAF Y
AzuHd AaAE v ZEA 5.

B A7NE Fn3E A2dd QoA FYHE AUAE Aasse ik
% 27b 9 %9 gael ZAHA Wyl L UsY PAL 4 AuA s
2 7% ATe 9% A7E F9%gt 139 AZSHL A9 Az 2
EAo] Azzdl 98 $HsT Aze] VL 28 A, A=E 28 U,
2 AAS % A4% 59 A2E FPRYT EE AP AuRe) Ao
AR 4 3% 5o JEENE ANGT A5u7] Axe] WEH wmste] one
way ANOVA $3g0] 93} 494 4 dAsgem 1 A% de3 2o

7t 71z A4 X9 33 AxH

(1) A&5u7] AxFH 4 93 AXEA

A&H]7] ARE 80T XA 712 8 A2 542 443 AAsw, o F
9o gAE 66T AR FF ARF7) LR0A HT F5E& 14%7AA [Ax8
= THoE a3t Ax A7k WE F4u)e HWIE IF 249 YEz AE
Ay el ex W3lel §5 WH3E a9 259 vehich

A9 445 X 189 Yo Azxd F9E AHFL 1570kWh, 28 A
H2 1840717, HAR duURAYg FE AAELE 2 IF4EL 4 1839M]/ke,
0.1671 kg/hr, 3.83 %/hr & 24 = AZH}.

AZE A28 AFE Page REA oz 78 A=x FUd=HE EF 50 sEH
e FAFRLE JYehd Aol
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1.0
® Measured(T1)
—— Predicted(T1)
0.8 A1 ;
M= exp(—0.1034179)
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=
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=
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Fig. 24 Moisture ratio vs. drying time by the existing drying method
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Fig. 25 Change of temperature and relative humidity in the drying chamber by the
existing drying method



Table 18 Test results by the existing drying method

T1

Amount
o Drying Efficiency SEC
electricity ]
time(hr) (%) (MJ/kg)

(kWh)

15.70 18.40 12.76 18.39

SPC WRR ROD Drying capacity
(kWh/kg) (kg/hr) (%/hr) (kg/hr)

23.24 0.1671 3.83 0.2038

(2) A&5N|7] AR 93 Ax 2 F

A vk Zo] i Az e PxrRdE Ay Yitd Axrd F
A Zo] o] L5E Newton RHES HA G Page RS Adstd).
AT Ast B ¥ 199 #Zo] Ae
0.1034, B= 1.2185 o= Al4tESlow F gte] 132357, Pgto] 0.0001 m|gto s A F
gl &A e

Tz A8

Q)]

AzeH EDH 9

Table 19 Coefficients of a drying model by the existing drying method

Method of
) A B R2 F value P value
Drying
T1 0.1034 1.2185 0.9945 13235.7 < 0.0001

(3) &40 AxyAd o3 AxE

LxwAojae] ARAIA AR 279 d& £33 AR IS THoB

o 2 F9 dAA FF AXFVE BTEA ZAWL W7 &
E dAANZLES A=xste FHi7] Az, A dHANG B¢ Wi7lTE €2
&

o ne G&d I8 MERE FHE £9%E W) AEE BFE

& 14%7tA AxdE HHo s g,
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B dAe g4 SFEAANAE AXEAE dA Medta I g FAY
o] Yl AYYE FESY F2EAHE AZ v AT

(7h) 243 3949 A=54

egEACAY R WA PHe Ty A= AR 08, W7 ALe 08
= dqstd Ty Az WY BZE $¥aE YYo= Azsgen Fre
1496(wh)7HA Rzt & W7 A|Zko] 480803tk AF Azhe] wE g

o] WzE 9 269 vEld T A4V &£ e §x HIE 29 274

BT

4% AHE ¥ 200 Yeon Aze £YE AHFE BHKWh 28 A
e 28EOAT, HAR oiAst 4E AAE 2 AWEL 2z 2077 Mke,
0.1071 kg/hr, 246 %/hr 2 24 & A&HA.

® Measured(E-1)

—— Predicted(E-1)
0.8 4
671

M= exp(—0.2004 )

0.6

Moisture Ratio

0.4 4 *

DO T T T T T T T T T T T T T T
0 2 4 6 & 10 12 14 16 18 20 22 24 26 28 30
Drying Time(hr)
Fig. 26 Moisture ratio vs. drying time when heating time is 40 min. and humid air

discharge time is 20 min.
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Drying Time(hr)
Fig. 27 Change of temperature and relative humidity in the drying chamber when
heating time is 40 min. and humid air discharge time is 20 min.

Table 20 Test results when heating time is 40 min. and humid air discharge time

is 20 min.

eij;‘:::y Drying Efficiency SEC
- time(hr) (%) (MJ/kg)
2550 28.69 7.88 29,77
E1l
SPC WRR ROD Dryving capacity
{kWh/kg) (kg/hr} (%/hr) (kg/hr)
3761 0.1071 2.48 {11311

2HEEA TN F HA WHE Fuly] 2 AE 0, ¥r] AL 2082
2 AAss Ty Az A7) Axg HESe WHeR Axsen] ¥ré
14%(w.b)74A Azxserl F #l7] Aol 26070k Ax Azke] wE
o wEE a9 28 Yehdn AxAde 2k dsie g5 WEE 29 299 o
Bl it

A3 A94E F 219 e Az FYE AYFLS 17.16kWh, &8 4]
7+2 2541717, HA8 vAg FE AAE B ARES 4T 2022 MJ/kg,
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0.1255kg/hr, 280 %/hr 2 &4 H AEHIUT.

1.0
® Measured(E-2)
—— Predicted(E-2)
0.8 A
M= exp(—0.22304517)
=
£ 06
(1
g
=3
@ ®
S 0.4 4
= .
02
0.0 T T T T T T

0 2 4 6 & 10 12 14 16 18 20 22 24 26 28 30
Drying Time(hr)

Fig. 28 Moisture ratio vs. drying time when heating time is 70 min. and humid air
discharge time is 20 min,

—— Temperature (E-2)

80 A rrvmenemenna - 80
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70 4|
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Drying Time(hr)

Fig. 29 Change of temperature and relative humidity in the drying chamber when
heating time is 70 min. and humid air discharge time is 20 min.



Table 21 Test results when heating time is 70 min. and humid air discharge time

is 20 min.
Amount Drying Efficiency SEC
electricity (kWh) time(hr) (%) (MI/ke)
17.16 25,14 11.61 20.22
E2
SPC WRR ROD Drying capacity
(kWh/kg) (kg/hr) (%/hr) (kg/hr)
2555 0.1225 280 0.1482

SFEAEA L] A A B Fui7] AR AHE 08, 7] AE 2Res
ARste Fl7] Axe 7] AzE WESe PHLE A=zIeH e
14%(wb)A Az3=t & H|7] Azho] 52809t Az A zhe] BE 519
WEE 39 309 vEn Ax4dUY 2E Wse 5 WgE I§ 319 vEhy
R

43 29F HF 224 vEhiien Axd FAE AYFLE 13.04kWh, 28 A
b2 22803, vAL qUXY FE AAE H A#FEL F4Z 1507MJ/ke,
0.1344 kg/hr, 309 %/hr 2 &3 B AEHIUT.

® Measured(E-3)
—— Predicted(E-3)
M=exp(—0.1114 115

0.6 4

0.4

Moisture Ratio

0 é ; EI'E é 1'0 1‘2 1l4 1l5 1r8 2'0 2‘2 2’4 2rS ZIB 30

Drying Time(hr)
Fig. 30 Moisture ratio vs. drying time when heating time is 40 min. and humid air
discharge time is 2 min.
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Fig. 31 Change of temperature and relative humidity in the drying chamber when
heating time is 40 min, and humid air discharge time is 2 min,

Table 22 Test results when heating time is 40 min. and humid air discharge time

is 2 min.

;m°f’1f;y Drying Efficiency SEC
ec(kmmm) time(hr) (%) (MJ/kg)
13.04 922,80 1557 15.07

E3

SPC WRR ROD Drying capacity

(kWh/kg) (kg/hr) (%/hr) (kg/hrr)
16.04 0.1344 3.09 0.1666

SEEAATAY o] AA PP 7] A 2R o2 FAY Tl Ax A
7Hg A2 2714 E 0%, F7d= 568, F7d e 0ELe= dAsd Fuj7] Az
¢ W7] A=E &S PPoz Axdgon T4E 14% (whb)7AR Az
g F u]7] A|7ke] 36E-ol Atk AR AlZhd] wWE §{4ue WHSE 2 329 e
Wx Az4de &x A3 = ASE 19 33 Y.

AY A494F ¥ 239 vgiiien Aze TR AFFLE 11.42kWh, £8. A
7+ 221147, HA8 A8 FE AAE ¥ AFEE 44 1329 MV/ke,
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0.1388 kg/hr, 3.19%/hr =2 &4 H AEHIUT.

1.0
® Measured(E-4)
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0.8 -
M=exp(—0.1076 %)
=]
= 06
o
g
2
74}
S 04 e
=
0.2 A
e
00 T T T L T T T L} T T

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Drying Time(hr)

Fig. 32 Moisture ratio vs. drying time when heating time are changed as 40 min.,

5 min. and 70 min. in a row and humid air discharge time is 2 min.
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Fig. 33 Change of temperature and relative humidity in the drying chamber when
heating time are changed as 40 min., 55 min. and 70 min. in a row and humid air
discharge time is 2 min.



Table 23 Test results when heating time are changed as 40 min., 55 min. and 70

min. in a row and humid air discharge time is 2 min.

Amount ) :

electricity Drying Efficiency SEC
(W) time(hr) (%) (MJ/kg)
11.42 22.11 17.66 13.29

E4

SPC WRR RCD Drying capacity

{(kWh/kg) (kg/hr) (%/hr) (kg/hr)
16.79 0.1388 3.19 0.1707

2R R A dA TEE vy AL 2ReR T el d=
MG AR 27)AA FIR Z4E 4OF, 508, 608, 002 ¥ ste 7]
Azxs 7] AxE 83 WHoE Axsigen & 14%(wh)7Al Az
o F Hl7] Alzko] 3BEIUT. AE AT o E Fule] WS E ¥ M Y
Bux Axdde 2= Age 5 HEE 39 359 YEdAT

AY ZA#E ¥ 249 Yoy Az £ddE AFYFL 1296kWh, A28 A
& 2293A17 HlAL oWAe & AAE E AFELS 47 1528 MJ/ke,
0.1343 kg/hr, 307 %/hr 2 23 2 A&5AT

® Measured(E-5)
—— Predicted(E-5)
0.8 4
M=exp(—0.1111 #1157

0.6 4

Moisture Ratio

0.4 4

0 é éll é é IIO 112 1l4 1‘6 IIE; ZIO 2‘2 2I4 2I6 £5 30
Drying Time(hr)
Fig. 34 Moisture ratio vs. drying time when heating time are changed as 40 min., 50
min., 60 min. and 70 min, in a row and humid air discharge time is 2 min,
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Fig. 35 Change of temperature and relative humidity in the drying chamber when
heating time are changed as 40 min., 50 min., 60 min. and 70 min. in a row and
humid air discharge time is 2 min.

Table 24 Test results when heating time are changed as 40 min., 50 min., 60 min.

and 70 min. in a row and humid air discharge time is 2 min.

Amount Drying Efficiency SEC
electricity (kWh) time(hr) (%6) MJ/kg)
12.96 2293 1537 15.28
E
? SPC WERR ROD Drying capacity
{kWh/kg) (kg/hr) (%/hr) (kg/hr)
18.30 0.1343 3.07 0.1625

=AW AR BA WL Ty Ax AzHE 30, W7) Az 1L
2 AAste Ful7] Az Wy] AFE NESHE PPe= Axdged §5E
14%(w.b)7A] Azxs=d & W7 Ao 2EIUTE. Ax A WE FH 9
HilE I3 369 Vel Axzdue 2% Wie % WEE a9 374 JEN

At
AE A%E ® 259 Yeen Axd FU49 AY¥FL 11.30kWh, =8 A
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T2 20757417, WAL Cduyxe F#E AAE H ARES 44 1324 MJ/ke,
0.1481 kg/hr, 340 %/hr 2 FA 2 AEHAH
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Fig. 36 Moisture ratio vs. drying time when heating time is 30 min. and humid air
discharge time is 1 min.
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Fig. 37 Change of temperature and relative humidity in the drying chamber when
heating time is 30 min. and humid air discharge time is 1 min.



Table 25 Test results when heating time is 30 min. and humid air discharge time

is 1 min.
Amount Drying Efficiency SEC
electricity(kWh) time(hr) (%) (M]/kg)
- 11.30 20.75 1753 13.24
SPC WRR ROD Drying capacity
(kWh/kg) (kg/hr) (%/hr) (kg/hr)
16.73 0.1481 340 0.1807

SEEA oA dF A W2 F7] dx A 228, #7] ARE 182
2 AAF Ry Axe W)y AZXE WHESE PP E AxFg o F5E
14%(w.b)7HA] xR & 7] Al7to] 41Ee|Ath AR A7t W& §gv] 9]
wuEE 9 389 Yz AZzAUe] 2k WA 5 WIHE 19 399 Y
At

Ay AAE ¥ 260 Ve Azd Fd AHFL 1092kWh, £8 A
7+ 1978A17E vlA R duxg FE AAE E AREL 47 1626 M)/ke,
0.1556 kg/hr, 356 %/hr 2 &3 2 A&5A

1.0

® Measured(E-7)
—— Predicted(E-7)
0.8 4

M=exp(—0.00¢H1)

0.6 4

Moisture Ratio

0.4 4

0.2 1
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Fig. 38 Moisture ratio vs. drying time when heating time is 22 min. and humid air

discharge time is 1 min.
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Fig. 39 Change of temperature and relative humidity in the drying chamber when
heating time is 22 min. and humid air discharge time is 1 min.

Table 26 Test results when heating time is 22 min. and humid air discharge time

is 1 min,

e‘;’:;“;:y D EfsiEH SEC
e time(hr) (%) (MJ/kg)
10.92 19.78 1824 1287

E7

SPC WRR ROD DIV claciy

(kWh/kg) (kg/hr) (9%/hr) (leg/hr)
1696 0.1556 356 0.1884

LEEA LAY g WA L wly] Az 1802 FUsh Tl A=
A7tE Az 27 28, F7de= 42802 ¥RAse dAAFsn Tz Az
7] A& gtEde Py dzsger §5€ 14%(wh)7A dzsed &
wj7] A|zgko] 278-0|}t}. A&z At wE e @slE a9 409 Yehdx
AzdYe 2% We = WSE 29 419 JehRg)

43 24 T 274 e Az FU€ AEFL 1083kWh, 48 A



2 1850417, WAL ouyx|e ¢ AAE #H AXES 44 1603 M/ke,
0.1662 kg/hr, 381 %/hr 2 FA 2 AEHAh

10
® Measured(E-8}
—— Predictad(E-8)
0.8 4 )
M=exp(—0.1018 )
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Fig. 40 Moisture ratio vs. drying time when heating time are changed as 22 min.

and 42 min. in a row and humid air discharge time is 2 min.
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Fig. 41 Change of temperature and relative humidity in the drying chamber when
heating time are changed as 22 min. and 42 min. in a row and humid air discharge

time is 2 min.



Table 27 Test results when heating time are changed as 22 min. and 42 min. in a

row and humid air discharge time is 2 min.

Amount Drying Efficiency SEC
electricity (kWh) time(hr) (%) (M]/kg)
10.83 18.50 18.50 12.69
R SPC WRR ROD Drying capacity
{kWh/kg) (kg/hr) (%/hr) (kg/hr)
16.03 0.1662 381 0.2027

) £gx4Ao] A3l 2 AXEH

eeEARoz Az Ao Az YR FUsEe #4 2AL
AFA =it W R sIX zhdoz TR 4+ A SFEA Y Az
A wy] Azke] Fere] &)@ Az 2R Al 28 AYFRE MRE A5 W]
7l AZe 77k 1R, 28, 0802 & A¥ARS A&y Aze 4FAAE v
sate] YRS

Zze] AYEANA Aol W F5ue WHE 29 420 29=2 Yy
on, A AUFH 28 A7 HAL UAS 8 AAE L AFLL HE 289
Gt

1.0 'y
:'“'-__ . Measured(E-6)
‘; < Measured(E-3)
084 \\ L 4 Measured(E-1)
H v Measured(T-1)
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Fig. 42 Comparison of drying curves with the various heating and humid air
discharge time



Table 28 Test results of drying with the various heating and humid air discharge
time

Test designation E6 E3 E1l T1
Amount electricity
11.30 13.04 25,50 15.70
(kWh)
Deyiig e 20.75 22.80 28,69 18.40
(hr)
Efficiency
1773 1557 788 1276
(%)
SEC 13.24 15.07 29.77 18.39
(MJ/kg) ) ' ) ’
SPC
16.73 19.04 3761 93.24
(kWh/kg)
HE 0.1481 0.1344 0.1071 0.1671
(kg/hr) ’ ) ' ’
HOD 3.40 3,00 246 383
{%/hr) ) ' ' ’
DIy eapacity 0.1807 0.1666 0.1311 0.2038
(kg/hr)

A A 133 Hl7] Azre] AojdAFH 20 AFHFo] 11.30kWh, 13.04kWh 2
2550 kWha s Ad o Frlstgen, Azxd 285+E A= 207547, 228047
4 2869A17to. 2 HAE ZAojA T AFEE BRAY. I¥BFE HAQ oA R 1324
M)/kg, 15.07 M)/kg L 29.787 MJ/kgZ F713t= AAE BRI

A&u]7) Az v w)7] AL 20802 s AL L3E A
& AL 4 VAt BF Fvkete ATE e Y. @] AlE 18 e 28
2 3 2EEAY A, Ax 428 Azte] A&yl Az oF 13%0)4 Ft
ste A3 E Hgoy 28 YA dgME 7 o 28%, 17% AFHE Ao = 1}
1237 4=

o &

() w7l AzZre]l AR FF Ful7] A%e] Aol mE A=x5A
2HEAo] dx WA Fulr] A Fad mE dF &8 A, &8 A9
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Fig. 43 Comparison of drying curves with the various heating time when humid air
discharge time is 20 min.



Table 29 Test results with the various heating time when humid air discharge

time is 20 min.

Test designation El E2 T1
Amount electricity
25.50 17.16 15.70
(kWh)
Drying time
28.69 25.14 18.40
(hr)
Efficiency
7.88 11.61 12.76
(%)
SEC
20.77 20.22 18.39
(MJ]/kg)
SPC
37.61 25,55 23.24
(kWh/kg)
WRR
0.1071 0.1225 0.1671
(kg/hr)
ROD
246 2.80 3.83
{(%/hr)
Drying capacity
0.1311 0.1482 0.2038
(kg/hr)
1.0 %
A
i L ] Measured(E-7)
“A\ o Measured(E-6)
0.8 - S\ ¥  Measured(T-1)
\ Predicted(E-7)
A Predicted(E-6)
o 8\_\ ——— Predicted(T-1)
— bR
3 0.6 - '-
o Al
o T
w e
S 04 - L
= \g\
0.2 - \i\g
\821% _
v‘é —i
VU e
0.0 ——— i e o
0 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Drying Time(hr)

Fig. 44 Comparison of drying curves with the various heating time when humid air
discharge time is 1 min.



Table 30 Test results with the various heating time when humid air discharge

time is 1 min,

Test designation E7 E6 T1
AR IERGET: 10.92 11.30 1570
(kWh) ] ] '
Drying time
19.78 20.75 18.40
(hr)
LRI, 1824 1773 12.76
(%) ] ] '
Sl 12.87 13.24 18.39
(MJ/kg) ] ] '
SPC
16,26 16.73 23.24
(kWh/kg)
WERR
0.1556 0.1481 0.1671
(kg/hr)
. 356 3.40 3.83
(96/hr) ' ) '
Drying capacity
0.1884 0.1807 0.2038
(kg/hr)

H7] Agte] 20802 H|wA AYS F-4E Ful7] Az Ade] 1 ZAfol &
8 AFzFo| FAistgen Az A8 HE AR FoiA= AFS A wH
A HAe duyx 2 Hie FEE A4 dFHE Ry

Bi7] Alzke] 1E o= vluE #HolgHL HAole FHiy] ARAZLE #HE F 9
Ax g AYFo] Ao Lo AR FoAE 4TS HErNT.

dAgu)r] g2 HuAAE SFEAY AFxE @ Ay ZE HAYA Ax &
8 Az7lo] A Fojur AARE Ao, W] AZte] HlmA Fa Fejy] A
NTE & ASo HlAag A7 1839 MJ/ke A 1287 MJ/kg &2 A 30%
FAeeE 234E YT

(ch egEA A= F T Az W fe Ax5H
M7Eae 7] A Fuly] Az BUsA AL A 2~349 Az o
FoA HAE A8 wastgon, Fze AA=ANA Azt BE F5H| Y

HEE I9 459 vehith
A 4H AHFR Lo Az HAe A £E AAE R ARE T2
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Fig. 45 Comparison of drying curves with the various heating conditions

Table 31 Test results of the drying red pepper with the various heating conditions

Test designation E3 E4 E5 ES8 T1
mou?;élhe;mmw 13.04 11.42 12.96 10.83 15.70
Dryizi)ﬁme 22.80 22.11 22.93 1850 1840
Efi“;e;’cy 1557 17.66 15.37 1850 12.76
(;JEA;) 15.07 1329 15.28 12.69 1839
(k;iig) 19.04 1679 19.30 1603 23.24
(E) 0.1344 0.1388 0.1343 0.1662 0.1671
(;?fr) 3.00 319 3.07 381 383
Dml(’gkgzl;amty 0.1666 0.1707 0.1625 0.2027 0.2038




Ful7] Az AFE Az A, F, FoddA 40&, 558 # 7089 7R E o
2A & Aol Az 2Q oUAZ HA&R oA EA 1329MJ/kg ©] Hol F-uf
71 AZbE dASA QAY AR HAERE A9 L8 oA 1507 Ml/kg,
1528 MJ/kg &) A23RT Hwd FHA FAHJGD A= 28 AT EF 221143
o2 228073, 2293439 ARt okt

YEHl7] AF A7HE 408, 50%, 608 E 7089 4714 AESIE 44 Ax
28 A7} H28 qURAZA 1528MJ/kg ¢] Hol Fujr] A7HE 408z 9
AsA & 499 428 duA 1507 MJkg 2t AA FEHAT 28t Ax
28 AZHE 2293A10 08 A 2280A ¢ Rt &A% FUlste AHE veEHY

A&7l Az vusiqs Fulzlst w7 & wEee Axd 399 dx 48
AlZte]l tha ZojFon}, 28 dUAE BF FHA FY9HE 232 vgdd. 2
Z W74 159 1802 3 FHj7] A2 A 28I 4089 I E o
2A st A48 F9d 7B 28 AUAZ AA FYHZ Ax Aol F3H
o] A% A8 dquUAZL HlAL VA ZA 1839MJ/kg ol =Heol A&y Az
28 oA 1269MJ/keg T HZEE 31% dAHULH, AF A28 A7HL 18504
oA A&u|y] Azxe] 18404177 A9 Ze AFHE YEhf)

(4) Zu=Ao A=FHd g Ax 24

Aad 153 Az A AL A5V st dxrd FolA @o] o]&
H+= Newton 292 333 Page 2 2& A4

71z A9 d&ul7] Az A A9 A Ag BE 44 E 329 o] E19A
0.2004¢} 0.8671, E 2414 0.2239%F 0.8717, E 3¢ A 0.1114%} 1.1158 S22 A4=Eg o
W Agto] ZE4E B E48 A% A28 A7lo] BolXE A4S Feld 5+ 9
ok 283 Fab2 2921.19~5693.039 4, Pgke]l 0.0001 mIRte.2 A FoFEo] #7
e R
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Table 32 Coefficients of Page equations resulted from test drying with various

heating conditions

MBtrl;f?ggOf A B R’ F value P value
E1l 0.2004 0.8671 0.9974 5529.41 < (0.0001
E2 0.2239 0.8717 0.9975 5114.00 < (.0001
E3 0.1114 1.1158 0.9984 4731.08 < 0.0001
E4 0.1076 1.1406 0.9977 5063.98 < 0.0001
Eb5 0.1111 1.1182 0.9983 11236.4 < (0.0001
E6 0.1233 1.1185 0.9983 4927.61 < (0.0001
E7 0.0900 1.2411 0.9935 5693.03 < 0.0001
E8 0.1018 1.2271 0.9941 2921.19 < (.0001

v AnFe] JEd4

(1) A 39 AA olA &F B4

AuFe FPAloldl I 4 HAIgE 4o Ax =AEE 35 HE FAH3
Bitgre 2 ¥ 330 5] Axe 2H5=A0 Ax A AxFe gL 4

Z JEr KT

A&u]7] dzdAY AiFdMe PAlo|dle] o] total capsaicinoidsE= A
15282 mg/100g, SHEA ] AFdM 2 AmFdMi FYAlo|ale] Fhake] 11.266~
34.865mg/100g2] HHE SA=HUY. Ax 2AE Al &FE Fujy] A
2 w7] Ak wigte] wEl zelE Holal om gAY Ax =Y AxuF
A T2 BA E2RHE 2L HYT. 2822 E5EAHA Y Az 7|&o
Az Yo FEd 4 UL oz B
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Table 33 Content of capsaicinoids in red peppers dried by traditional drying

conditions and alternate ventilation conditions

Method of total capsaicinoids Capsaicin Dihvdro_capsaicin
Drying {mg/100g) (mg/100g) (mg/100g)
El 27.470 18.024 9.446
E2 23.693 15.612 8.081
E 3 26,165 16.698 0.467
E4 11.266 7.444 3.822
E5 17.764 11.892 5.873
E6 26.050 16,219 9.831
E7 17.393 11.162 6.231
E8 34.865 22.877 11.988
T1 15.282 10.245 5.037

(2) AxFe = &4

H
£ 30 d&uy] Axe LHEA dxm Axd Az Re 474 YU
o,

A7) AFA e AxnFdAE ASTA Feo] 51201, 25540 Az AY
AnZo|ME 49380~80579 2 FAHUT. Az 2AE ASTA @2 Fuj7] Xzt
9wyl A\zte] Wale] ma} Aolg Helm gow LHEA Az 29 AuE
A i FA SAH: F¢E B oyEE =AW Ax J|eo
AxZ Qs {FEE 5 S AeE wgd.

Table 34 Values of ASTA of red peppers dried by traditional drying conditions

and alternate ventilation conditions

Method of Drying ASTA
El 69.274
E2 80.579
E3 49.380
E4 51.933
Eb 50.989
E6 69.170
E7 62.211
E8 66.354
T1 51.201
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3) AnFe FE B4

3Bl A&y A2 SFEAY A2E A2 AuF #E 4 e

A7) AZXAA Y ARFdAE Total sugar FHo] 11.083, 2&FEA o] Axd
Aol AiFoAs 9567~12883 22 FAHHAT dx x4YW 7% I Fuj7
Alzb 2 H)7] Alzhe] Wste] @ 4% Aol Helm jlow Ay xR
2HFEAS 249 AnF 7+ & A7t e AYE KA 2HEE 2HFEA0]
WA AE 7lEe] A il EHdA G Aoz gk

Ao gx BN AiE Zzte] ZAEE 33 wE 23&1n HaFeE ®

Table 35 Values of sugar contents in red peppers dried by traditional drying

conditions and alternate ventilation conditions

Method of | Total sugars Fructose Glucose Sucrose
Lrying (%) (%) (%) (%)
El 9.567 5.183 3.483 0.900
E2 7.733 4117 2.867 0.750
E3 12.850 5.467 6.267 1.117
E4 12.300 5.400 5.867 1.033
E5 10.867 5.300 4633 0.933
E6 12.383 5.400 5.933 1.050
E7 12.883 5.633 6.267 0.983
E8 11.817 5.400 5.267 1.150
T1 11.083 5.150 4917 1.017

o, AP AEE4 479 4834 ¥4

(1) 2F5EA0] Agte] & A3 39 ¥4

A7) A 9 AN AxA FEF lnFe] RS SPSSE o] &3)
o one way ANOVA £4& 531o A#AFAAE EH314H

A5H7] 239 Axg a=AWy ¥ H7] AzME 139 1E, 2%, 2024
e Aol AuF 7 fAlolA, M= Y FEIL ofH FAZ} A F-F
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AFE o187 AUELEHE AN A= F 367 2o

Adtdon £ o, A2YHEE AEFT] #HAH] =2 AL _71’-_1\}5]2;19_1:4,
PAreldl, A, 3R o2 FAHLE fo5 AolE Holi & ez

B}t (p<0.05)

Table 36 Results of one way ANOVA dried by controlling of the wventilation

conditions
Items Sum of squares| Mean square F-value p—value
Capsaicin 290.002 06.667 46.214 000
ASTA 1070.250 356.750 43.242 000
Sugar 19.342 6.447 9.007 .006
o kx 1 p<0.01, =% p<0.001

ko] A AadA Fateldl, M F Fr FEFRo|zl AEE oW AzWH
A 713 E AHFEAsd ey 1 Z2HAE F 374 ved it

Aol L f5E 5%A H9 SFEAY HEUy H4¥ 6 3 1 %
A&7 dxUHeE AZRIIS A5 48 6, 3, 1A E A7t gl A2 Y
Ebgth d&uly] Az AN AAtolale o] 15282002 7Hg BAl UERY A
A fJAlelA g o] o7t USE BHAFH Ytk HEE {F94FF 5%l
A AE 63 3L Aol7} gl AF 33 15 Zol7t Y Aew AYF 6 134 4%
w7l AZTEIANE A7t e Aom vENT. 3RE 498 6% 3, 43 19

A&7 dzdQAE Zolrt fle Aoz vebsAd, 43 634 1, 4F 33 144
= Zol7t Y= AL E YERTH

e AN E w7 E BA EFF
U FEAE @34 oA E FET A=

AAtel 2, ME % FEI} £ @oz e
Weleha #ad 4 sl
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Table 37 Results of Duncan’s multiple test dried by the ventilation conditions

Method of drying Capsaicin ASTA Sugar
E6 (humid air discharge i " .
_ _ _ 26.0497 69.0000 12.4000"
time is 1 min)
E 3 (humid air discharge
26.1653° 49,3333 12.8667°
time is 2 min)
E1 (humid air discharge i L
27.4700 69.3333 9.6000%
time is 20 min)
Traditional 15.2820% 51.3333% 11.1000%

* Means with different letters in a column are significantly different at

p<0.05 by Duncan’s multiple test.
(2) vl7] A|7te] AAT AL Ful7] A7k FHolo M AR dFo 4

A&u7) dz=2A0 2E4e] dzzd F 7] AdE 20882 3t Fuly
AZRAZE 47 408, 0% 22 A5 AgdMY Aug 3 Ao, 4x o
FE7F "l AV QEA F-EAFE o4 d4BAENE AA® AR B
384} Zt.

AvAom & o, A=Y EE AEHTF] #dH] B ALE zAHYLH,
Az gAlolAl, Fre] o8 EAAOE F23FQl AolE Holi e AHeE U
el o} (p<0.05)

Table 38 Results of one way ANOVA dried by controlling of the heating

conditions (1)

Items S B Mean square F-value p-value
squares
Capsaicin 233.558 116.779 35.004 000
ASTA 1312.889 656.444 37.872 .000
Sugar 16.722 8.361 6.648 030

* x [ p<0.05, *x : p<0.01, *** : p<0.001
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e B4 Azt A FAtoldl, Ax g Fro| ozt HES] ofH AxWE
oA Z1EAE AMFEASIReY 2 A3E ® 399 HEHUIUH.

ALl A9 3 MEE KoFFE 5%A $9 Frl7] Al7HE 0%, 0Ro=
3t 27 2 dHSMrReE AXRINESE AT 4 At e AR YEY
3 .

Aol 4l Ful7] AIZhE 4084 st A3 dA 2747008.= 71 A YEw L
H T A 7re] Aold wel fYAlo]A o] FaFe] zol7t UFE HAFET HkE
Fulz] Az m#} ZZ Zolzt e AL yEuH I AZle] 70E 4 v
80.6667%= 71 EA udERY. BEE FHEY] Alde] &2 Hel 2 AL AA
=3

Aol Ao As Fujz] Ao A mEtA Ao, Ax B FXxe] Ao]z}
A YA &+ AR #dd 5 .

Table 39 Results of Duncan’s multiple test dried by controlling of the heating
conditions (1)

Method of Drying Capsaicin ASTA Sugar
E1l
(Heating and circulation 27.4700° 69.3333° 9.6000%
time 40min)
E2
(Heating and circulation 23.6930° 80.6667° 7.7667%
time 70min)
Traditional 15.2820° 51.3333* 11.1000°

Means with different letters in a column are significantly different at

p<0.05 by Duncan’s multiple test.

a3 B 400) d&uly] Az 2HEAN Ax 24 F 7] AL 2Ro=
st Fuj7] AFAHE 4 28, 0ELE FEF A dmF 7k FAlo]
A, Ax 9 Fdxrt old A JeR F-5AFE 088 dJQEAEHE AN}
o AAE Jeiih

AR oz E o, A2YHE AETFe @AY B2 AR ZAHLH,
A, AxlolA, Fro £o02 FAHOZ fFHe Fo]E RHol: e HoeE
Bkt (p<0.05)

i
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Table 40 Results of one way ANOVA dried by controlling

conditions (2)

of the heating

Items S, B Mean square F-wvalue p-value
squares
Capsaicin 195.341 97.671 58.203 000
ASTA 477556 238.778 153.500 .000
Sugar 5.180 2.590 0.764 506
* x 1 p<0.05, == : p<0.01, =** : p<0.001

24 AgA Ao, AE R FEe) FAolst FFI B AP
Z108=A & AMFEYSIR L 1 AF3E # 419 YEUIIT.

PAtol A FFH Ae= FAFE 5%AA A9 FHl7] A3kE 228, 302o=
B 27 P A%y 2oz AxANE AL 47 Ao Y o= vt
3Lt}

AAtol A2 Ful7] AZHE 3024 sl AACA 2604972 1 =4 vEseH
Ful7] Azke] Aolo] me} fAapolil e FFo] 2ol YIFE HAET A=E F
7] Azl wet Z7 Relstk Qe Ae: dEbe o Azke] 0% 4 o
69.00002.2 7} =A yvelytew Falry] Azre] xeold] waEl FApo|ale] gHefol
27k S-S RoFEn. Bee 4§89 2Ad= 2 A7 gl WEIIT

A9 Ao Fuly] AL 0RO E IJAE AL FEAE o] FolAE
e AEAd AS wF F £ Qi

Table 41 Results of Duncan’s multiple test dried by controlling of the heating
conditions (2)

Method of Drying Capsaicin ASTA Sugar

E7 (Heating and circulation| 7 g5 62.3333° 12.9000°
time 22min)

E6 (Heating and circulation| o5 4gm 69.0000° 12,4000
time 30min)

Traditionl 15.2820° 51.3333° 11.1000°

* Means with different letters in a column are significantly different at p<0.05

by Duncan's multiple test.
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(3) Su=Ao] A=V F FHl7] A9 Wstd & JE IFF 24

A7) AERZAH 2FEAY ARFH F Ful7] AHE 408, 228-42F 0
2 ¥3l, 408-558-702 22 W3}, 408-508-602-70% o2 AZA 7| A 253
AaF b FAAelAl, Ax 9 FE7L of|H #AM EA F-EA%S

HARN S AAS AddE § 429 Zo)

Avdown B o, AZWPd AEHF] #dH] & oz TAHZoH,
Ao, Mz FoF FAHORE fFoFHQl AolE Holx Y& ALE YEH
}. (p<0.05)

Table 42 Results of one way ANOVA dried by controlling of the various heating

conditions
Items =it o Mean square F-value p-value
squares
Capsaicin 1070.461 267615 52.728 .000
ASTA 582.000 145.500 42.794 000
Sugar 8.177 2.044 4,224 029
e *x : p<0.05 *x @ p<0.01, *=*x @ p<0.001

] 24 A A FHAateol4l, Mx B Fre FFRolrl AEE] oW AzxWE
oA 719X S AAFRAsger 2 AdHE ¥ 430 YeEhdA
Aol 29 dF M= FFFE 5% A9 AREA F Fal7] AzHE 40
B-50E--70% HE 40E8-50E--60E-702 o HgA|7]|= Aga A&y 249
e Aol7l 2l Aoz JEAY $E/FAE HRE uFsAY 27
2502 WEAIE RO E AXINYE e 4T A7t UE ALE Y
|
]

(i

o

Ui gtk FE9 FAARE Az Fo WIATE= A mE frlelAe T
zZtol 7t Y& RAFEY AEE FHl7] AlZE 224, 422802 WA =4
AP e A Ao o7t e ALE Vel Ful7] A7HE HEAl
Ro] Mz Wale] FFo| &S BHAFY Frre AAEH A&7 ARZ

%

o

rir
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A 9 & A7t Y= ALE Yeyion ALur] 243 Faj7] AZHE 407
2 ARG AEAE Aot 2 RoFEH

9 B M= Ful7 Zizs»\l?lﬂﬁ Az Azl 228, F7)d 40F o2 HAS
= Ao REAE ¥dFo] wolAE g e AL #dg 7

30
Y

Table 43 Results of Duncan’s multiple test dried by controlling of the various
heating conditions

Method of Drying Capsaicin ASTA Sugar

E3
(Heating and circulation 26.1653° 49.3333* 12.8667°
time 40min)
E 4
(Heating and circulation 11.2660° 52.0000? 12.3333™
time 40-55-70min)
E5
(Heating and circulation 17.7643° 51.0000% 10.9000*
time 40-50-60-70min)
E8
(Heating and circulation 34.8653¢ 66.3333" 11.8667%
time 22-42min)

Traditional 15.28207" 51.3333% 11.1000%

* Means with different letters in a column are significantly different at

p<0.05 by Duncan’s multiple test.

radE dqyx 29 Fo
Tr oHe Ax 42 dUNE AAAL & g
5| 149 Az A NEHE FTVY Az FALL FHe B4Y £ A, B
Bo] 39 JNEE AT o5 5 JEE 2AL dAse |
g & e Az PHe ALAQT. 1S Azd 2aHE o
WA g A7 & e 2% A= 71E ALS Fao]

@ Fn3e] Az ol A1EHT Y= A7 AHE 902 = A B0
oz QST 9% 719 FY L UR F7)9 A2S A% AWgAE 4
2, A716H 2 $E719 833 278 ARG, 4¥¢ A/ AFIRT

Hok
o,
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@AEE Ax7Y Ax &3 =20E& Foj7] A2ANF Wj7] AEAZDCE TGF
A EAE §F de AR FagFd AR E JMIddgdey,

@ A%Hl7] =19 AP Faly] Az 2 A7) NS oFEA szl 24
EAlY & A FnFe Ax4PE Ao H, 1F A=xd HFY dxw
98 Page Rdl2 02 A&dle] AL 1l

@ AR FAleld, M= F Fro JE S -% A A8,

® 717t Az Wid AnFe ARAY FoXS EAsgad, o5y dFF
8 AnE Qo8 o3 2,

1. 712 Adeld dsswae dze 0T LRl Byl Az THE 4
A ANz, 2 F9 wAdE 66T AR LE A4HY W] Fo Az
495 SeEAEAS Are ASHAEAS w0 Tl Ax B4E 2
A 2 Fo GANA FAl7)% w8 BHEGE Ax PRoR A A%
A LEEANA BT B §E 14%7A Az

2. Ao FA e Az AdoA 183 wj7] Azke] EAEFE H|2a A
7t |&¥7] =7 did 1839MJ/kgoll A 13.24MJ/kgs 28% FAasty Ax 428
A= golAE AFE BYth W) 3 A Ful7] AxAde] AAAFF vih
8 U7 A&7l =A Uid] 12.87MJ/kgE 30% AEE AF A8 AL
FolAE AFS BAW B, FHly] A2 A7ke] AA A=V Foll 59T A
$- Bohe 27HAE HEA et dEIEE A S vhe duAZE A5l =4
qH] 1269 MJ/kegZE 31% AAHD, AR NIE FolAlE FIAdL RYrh

3. 2% Azo] AR AZRYEL BAG] 98 ol /4 E Newton £IE
Page g Mdstd 4g44s Aasgen sz A8 2 S84l
A feazel ¥A YEhit 3E A9

&
o]
o
k1

4 ARFY AE BAL HPLC $HoE BAloldd 358 248 24¥
Heo wye Foe] ASTA R AEZ ARk A&vy) Az vlastd L4%
Aol Aol A WAl ASTA ghol ¥A Ao, Fughe & 2ozt
S
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5. AaFd A SAE FPAteld, Ax @ Fglo] Az Wi wel oW #AZ}
2l=2] SPSSE o] &3 one way ANOVA EAS AAztgy. Z4zbe] AgdM A
I AEFF] A= ARAYo & AR ZAFHNLH FAH {AHE Ko
AU
(1) 13 wi7] AZHE 18, 28, 20822 443 AFolA dj7] Algte] FHolA
F5 FAleol4l, A g Jxrt w2 AE e

(2) wj7] AZHE 2082 & AP Fuir] AE 0% 70ReE g9 4
oA FH|7] AHE 2A st Hel AR 52171 A dEweH, Wy Azt
< 2807 ¥ AY Fuiy] AE 2283 0oz DS AN Fujr] Azt
= ZA & "ol Aol AT Mo X7 =4 YEET.

(3) Fuj7] NE A= FUE A5-F ZA AR 494 dx F7E A
FatA A Faj7] AHE o GAZ HIALAFTE PAo|A S FZhdts FEYgE B
At

Rl

old FHALoE wed B 7x AFdH dx 713 F A W7|E Ao
Fuly] AE 20~408 o2 HASEH, A4z 3.’—7li a2 183 Fur] AE
AA &a "7 AE 189 18 W= e 2g5Ae] Az Eol 48 Y
A, £8 A R FE AL FFdA FFE A= Alu Z4HHJ
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A2d F7H8TE 5% Aoj§ nF Ax7] AE

1. A&

22 (Capsicum annuum var. logum)e 7R 3d) &8t 194 2Bo= 9S-I}
el ¢F 400 Ao EYHAJ LW, oJdFH FaI 7|54 F9 R o]8Ho]
g, ol AFIF fAALolA T FHEE oA M4 wEuts A 317] WE
A F A A FQ] Mg A & ¥ opE JAe} vtg A FAAT)E=

FHE 2t g17] dEI(ALEE 9, 2010)

500,000 100,000
m Product
450,000 90,000
—Area
400,000 80,000
350,000 - 70,000
300000 - 50,000
250000 — - 50,000
200,000 — - 40,000
150,000 —- 30,000
100,000 20,000
50,000 10,000
o T o

2000 2001 2002 2003 : 2004 : 2005 . 2006 2007 . 2008 i 2009 . 2010
Fig. 46 Production and Area of red pepper (Source : National
Statistical Office, 2011)

{ha) [ /%)
100.000 25.000
22.248 20,000
75.000 BEID  7.88
L] 15.000
50.000
16,000
25.000 5.000
a ]
<] 04 ‘05 08 07 08 g ‘10 I 12 (oig)

== E S =) B(E+MNERRERIN. B2l E)

Fig. 47 Price of red pepper (Source : Korea Agro-Fisheries&Food Trade Corp.)
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SEvEr 25E 20009 o] E0j2.WA AW W] A&Foz 4asE A
£ Yz gley, vide] 3F74-LE 2009d diy] 2011 del = ¢F 28] oA e
stk 7IEWE Y wWE driEeez e, aFe] Axst o#AAL, FF
Aol FH7t FAYRALH, AAFR 7148 AFez Qso Az H§o] HA
dEata gom, F&Qe] nHEsiet B A A =5 RE 2P 13 A
g AgA H3a Y.

20119 9% ¢4 BFLF F£UYFL 5556802 01199 2,727 13 2
H o4 F7Ha ¢o2E AA EoE o= AFIG.(sHUFARIAANRE,
2011) =lo] 98 34 AxFM5IF AZ2F)Y 97 lkg? 58209 A=
Z FA45H 201149 99 219 =G HaAHEL 7109 22 ZAEUGD. &
A, T4 dnFEA)e FF S=elHT49 1ked 22,8339 vl 718 A4
& 351 9o} FFok Wzt FIA YERF FYo] A&EHoE FIE Ao
2 g9 3 FH2 2l T4 259 7HHo] AE A FAEAEHEA 3

WEgia, 29, AZF 5 5% 34X Auede] 2hdnc o 20%7F A
AT 4rjEe € WEE FIFEIFE THHE EF FVE AgsHEs
AnF PAgo] 10% Ax £71E Az RAHFFAEFEFAL 2011).

A&H o2 AuEHe] Fise A&HA o Qg A

e geln 9y AR, g0 I 1Ry AAE AEHRoT 45T Ao

rr

)

FEAFAY nFAuErt 2588 AR BEW 10aE Ve E A VFHE
Pt F7H AS-, 5160kge] 1FE Qe AL 2= 1H89Y YAy
Hlgte 7|47z WS Fate AunFEA #efstr] fste] 9@ o] Fe] A
B g-o] Aadct gl Y9 FAGu| 8 F A=2E YT FI Y| AAY 40.7%
g A Ao AEHA, AR Wie] old JAARY HdEFLE o
Aste dzEe ALt gs AA FInE9 o 11%71 oIvA Aoz 48
e A7 dE vHashr, 1998), FEEYHIE W= AL FAFH A F719
AFLE olojd + itk

A Sy nFAZE YFAZE & 45 10Y, 7 232 3gAx
71N A 30X o4 2e 83, 318 =& A7 ARG HdFdLAE AAdNY &
59A4E AzxsE We] Utk =3, 200435 H 3153 AXE A7|AZR7|7 dF
RE Ha QEd, AFTEE 47 6vul(eF g} Q1) o)y #dEzZ o
™, A9 aFAZIE AFsE A= 574 HER FEVFE o 02N 2
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F . AEAYG 40%71 AFHA ok (@FF71ATEE TR, 2011
HEFHs Ax7)9 50%0) 3L 428 Autd A7 €FFHoH, 18 Ax#Fo] 50k
g~Wkge] 3L, 2QHE AJZES 3H5~55A7F A}, HA|#71 20053l = 576 9/L
olded 2011delE 1120 9/L 74A] < 176% 7FA Qo] HelA &8 Ax7=
Aol fled, AdFHoz F1Ae] AT FHEL AVE )48 £+ U= AV
Ax712 "R Qe FAolth sHAw oj#d A7 AX7|E AMEF AoA, &
Yo 1F AZE ZV|2E 66T 5~6A17F AFAZ F 60TNA 7~8XA7 5
5CHA 15~17A17t5 ¢t AXA 7= L5400 Wi F-_A 7|2 3t
Azz7dE 239 o] wol TFEHE FEE FEEE7 W=7 dE
o 7Hdd F7]= AZFAY(drying potential energy)THE ALF 98 FE & FTLA
2 & 9ol FE7 BE 717 M2 &Y quAe 5&E Y 5 9.
oy 23e] Az APEe uwFg LS dolXn AxSERE HojP

o1& & 7
il = 0z |3 =
L ® RS
04 | & g F
05| o il o P
= 06 | =
| = HEEE
— 0 | &l 71 F
@ |t o

Fig. 48 Schematic diagram of a traditional dryer.

e 19 489 #Y Axsle FARE vehiRler 19 FaE FITE@
2 Bole 979 Tt $F/(DE ot NH@F FAHAA 417} Aay
o A= YRR EolZ ¥ &718 EUW €L e WATE HAU
At} o8 e ARoA dE Frle AZFARLF wF9 £EE FUANA
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Rt @& gk JH= vigTE WERT. ol WEHE 77t 1F9 #E
= TINE T = FRAYUAE 7ML S E BT 2ERE Ao
Ax8& Astst x| P E 2YaA Ao

35 — 55
= =N
- > V. & *
2r 65T 2% g0~55T

Fig. 49 Dryving mechanism of a traditional drver.

B 70707 M AR7] ARIAN FFEFeOE ARV HEHA 1o
A3 2 #EUAELS F5te] 2897 H BHFHY AFEA 98 FAA BE
Hu, Azl 2FE FEHE 88 25 H 98 FEAARA F HATT A H
7] AEd, AT A=x7] FAEL LH|AENA FES AHEAEH AFEALE
A2 & 5 8l dAolH, o= st LH|AES Ervle] Zxd3 v

2HAES Ax F 154 Ao WF AAY, Ax7 ANHes FAdsA] X
ALY, &L ¥ ZFE TIHIE B FtEY AVIade] Rl 2ne F
g BEvtE 2 EZsiy gt

EA, $-Evet o Qv w7k 717 @o] RFEH e TS AWy EF
A7l Ax714 A4 A7 243 2F JA2A dEHe T4 A= FA4HE I
& o] 837] fsty, HEHE 3714 AAEEE WIHAA AUAY o|lSEE ¥
4 & e Ad=YE 7Rz & TAHY WEL oi o

D A AFd 713 o] B8 Ha e 78 A9y 4F A7 A=x7)E
TH B, 71&e ExAle o Wl7] A" va 45, AU Fd97)
Al2dg FHERY, 48 duA FH5 AXFAS vado HFH 2F FUFS
THEL, dE FY BEedH A Y FA4 d%E vAE HALEE =242 9
A
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2) 9A Ag4vRe wAs F/ETES AgEE AXFAE A3,
o F o] &3td EFo] dELE H7|He #99 AxWHE #H7F7 ARE |
A7 ARBH s HEH F, o] ARYHe] unFe AXEAR A=x A,
Axd aF4 ¥4 T vAE I¥E BN

2. Ag 2 9y

7. TA AR

o] AxAYC] AHET FLAE FUE BRI AN AT, 3R Ago]
A AME EFolner Fuie 7 F a9 503 2o] 3~5TE AAHE AL
Agad] ugsgon, 94 UAT Ao 4Le AW Adel FL& 4
o3 FES @ F 49 Agstar.

Fig. b0 Low temperature storage system of red pepper used in the experiment.

of#fl¢] 2 510 AHe AMEE FnFE e, 10719 F3F AF o
T Zdolot Hadolg, 2FE AR Y7 JAL, 79 T3 T FTHE FF
9 AEsRth "1 AL 1275 mm, #FL MR 2 e E Hd 21.8 mm,
W 24 mm, 5L 248g% F2FE AHEsig.

27189 EE AR FE oF 300g2.5 3] 24X7 T AEE LEE o839
AR 2718 TEL F 826 ~ 856% (w. b)E ZAHG
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Fig. 51 Red pepper used in the experiment.

v A3FA
(1) 294 Adx719 &4 4AA

2 d7dAE FF Ax FYEAE THE) A dergez Frd AR
%ol BEH Y 28 AP 4F A7) A2V E olEeH o FTHEEE
2@ 52d YeEpdAct

0me FAZ AZE e dd vrae Aol 360We ZE O/ 1A% 3
ZEo] glon, $3F71(02)9 44 HdsE 3B0romel $£%7] F. 230 74 |
Y 16kWe] AZIHE03)7 F&HS Qe FEolth $F7|= FHAA ¢dd
43 ¥4 #¢ 9EZ 71494 F71E BUH, 10719 Ad(04) Abole] 1670¢] 9
mme] AZAI1E FHY FHE EFc] FnF oA, 979 FrEe FY
2E29AH10E Tt EoLA Hr A=Y WRE d Add A w7709
E T3t wAYTh Axd 442 07mielm AMute] 27)E 600 mm x 900
mm x 50 mme|ot. AZ7] ¥4 AR gl E AVEEHE ddoR s 2
e 4%S $3718 AHSEY ¥ FHE £ e A FTHLeE 4
o, A&F719 Layout 74L& & w717 R UF =& dB& B3 #99
AP 2 AT7AAe 2F=EAC Az A W7|TE 43 28 F =S
T st

224 9o A2AE LE%n A= JY F 139 W= FAE 349
Row, HoHE AFE AX, AUE HFH R AN FH9 Ras ¥ 5B3-5
of YeEtditt. 19 56l 43 A-Fo] A=) W R EHg YERAUT
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Fig. 53 Schematic diagram of the dryer for the

experiment.

Fig. 54 The picture of apparatus for experiment.
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Fig. 56 Red pepper before drying(left)vs a after drying(right).
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Fig. 57 Data logger for the experiment.

(2) s7H8t s Ax7]9 AoFA
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AR 2 Q& St gk 2322 FAAET} 2o 4T AL ALt Ag9
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Fig. 59 Controller drawings for the experiment.
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Fig. 60 Algorithm for controlling heating and air ecirculation of the dryer in the
application test.
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24
R
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= 92 AZFE 2AAG

ARG G 2xzte) =93l ¢35 FHe ALFTFEL ZAEIY YTy
& £#8AZIT
]"19: £ ANZH(Timer #1) A3 F JHE nz §F-W71+E g9 &7 53L&

Al ZHTimer #2)&¢F AAgT. 0 F A4 €4F 259 ¢&#
& -7l 78 22 JHE AXE 39 @9 £ vEsE 1EE
=5 :l”‘é sttt ¥, 887 Az Tl 44T sE@d =2sd
nx F -7 7E do] AR AN #7) 5FE g o E FPsid
A ARE FFF ol2d A Fx FIF4E T A=E A3

E AFdA 2v887] Ax F F59 Ei}, 25 9 Fxo sy FaFd 4
T8 Az 24AA FG3r] H3te HAAE AR7|E AHEEd 48 712 4F o
o|H & F7HE Wx7|d FH&s= HAEE AASEH

E7HE AZ7A9 UM £8 AR §F 948 d2gAL % 449 JYEHUA
th Az AZ] 6A17 B UM 3 A B5E st o F 50T €5
FESHA AAZEY 5ol 14%(wb)E WX d45387) Woezm AxIE
AL 2 S5t

A1 ZHTimer

Tahle 44 Test condition by the existing drying method

Heating with internal Ventila Drying with Weight of
circulation -tion continuous ventilation
No. peppers
Temp. Duration Duration Temp. (kg)
) Duration
(C) (hr) (min) (C)
by 14%
T2 70 6 1 50 58.38
MC(w.b.)
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w5 574 27 A4 AN 49 AL ¥ 450 dsigey Az xv
o e £8 Az FAE 6N £P5i 2ARY) BZ Aol FEE 2
Py S HEE BF 2AFE PHoE A= 4¥e FRHAL,

—

ot

Table 45 Various conditions by the developed algorithm as application

experiments
Drying with cyclic ventilation
Heating with Ventila . o ) Weight
internal circulation —tion Heating with internal Ventila o
No. circulation —tion peppers
Temp. | Duration | Duration | Temp.('C) | Duration | Duration (kg)
(C) (hr) {min) /RH(%) (hr) {min)
50 / 80 5 1
50 /75 5 1
50 /70 5 1
50 / 65 5 1
B 50 / 60 5 1 58.34
70 6 1
101 50 / 55 5 1
50 / 50 5 1
50 / 45 5 1
50 / 40 5 1
by 14%
0/35 | Metwh)
70 / 80 5 1
70 /75 5 1
60 / 70 5 1
. 60 / 65 5 1 58.10
02 | 7 6 1 50 / 60 5 1
50 / 55 5 1
50 / 50 5 1
by 14%
50 / 45 MC(w.b.)
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(3) B8R A=x7]9 AoFAY 54 HA

O 1z2Pd=e] 4@ FFEolA 313 A2E H2EH A9 Ax 28404X &
3 FAe9 5747 FA e

O 1¢F €xEF : 22 27)de 224 UE9 571 2o A22EE =4
ARSI E uy FA 4L AA v Acz @dd, Ax F7)d 23
o &0 B7) diEed A4 UHe FEE dx 7)Y AFFERT
HE7 =gdsA geol AxduA e 4l U AT AZARLE 9
&3 719, A& olfdly FETE UIHAIE PHHA 2 2 FES
GA AR WA WA= o= AognzFE U4

0 2¢r gxeE]F : A2 HABANAH AAFE F 2715 ¥F F 94 =2HE
Az os] A=A YR FAEIZNZE AelE ¢ AEF Ao ExneF
A7

[0 3¢ @ieF : ot 1Y Zo] AL HESHS AN T #5Y
g7t gAsiEE dxgAge] gk @dsty FZ1(67])7r AdE F
AEE Ao)gxndEF HA(AE4 Wy A=FAAHE HAQH o457 ¢
&)

Hurmidity
Exhausted point

= Example
» 1% / Smin

Damper Closed

1 Cycle

-
L

Drying Time

Fig. 61 Drying cycle and exhausted point method.



Table 45 Specification of controller

Sl Al %
R 5.7" TFT-LCD
HAE 640(W) x 480(H)
EA] 0] FE/GE/TE, TE/AE/EE
39 =4 A 3% 79 PV A A (HEAD/NORM/ART)
Z7184 A8z AA Z7181H A9
AH8-A} 81 1671¢] stdS AXANEHAR AR5
oS- E 4 #d vl E VESA uEEMIS-D 75)
A2 35.7Ad Ao
o XH‘é‘T Max 7x]d
o 409 ¥ / Max 600 segments, =t 999A|7t
A" R AoEs 50%- 59% MR
A K JLE T R B S, L,N, U W, PL, C,
S2A A Pt100(JIS/IEC), JPt100(JIS)
44 0.4V~2V DC, 175V DC, 0710V, -10720 mV DC|
Analog Voltage Input [17100 mV DC(4720 mA , 0720 mA, ¢J5A g
2508, 5009)
Control Output SSR, SCR
- Current Output 4720mA DC(H8A 38 : H6002)
® Voltage Output 15V DC(PulseZ : 4 5ms)
Transmission Qutput Main Uniu 1214, 2209 ¢(PV, SP)
DI 16 Points / DI®l ¢]& Run, Stop, Hold, Step,
IR= s | dEEF DI Error &A3lH A&, DIZA A A7 A3,
A= (DD A Y 99
HAEF A 12V DC, 10mA
Normal Open 30V DC 3Ac°]3&}, 250V AC
cud gdol i g
g7 Relay Normal Close 30V DC _O'SAO] 3, 250V AC
T 1A 0] &}
=94 (DO0) A A Do Normal Open 30VAI2§36:A°] 3}, 250V AC
Open Collector HH ONA| °o*‘&1 ();gjo]z:{ o] 3}, +HAAF
Sampling Time 250ms
Az +0.1% + 1 digit of Full Scale
e & 61w (7~ PID 5 /HA PID 1 =& AL PID
PID Ao} D 1= 6)
PID £+ Zone PID, H A} PID, Seg PID
v} RS485, A0 314 4475
=4 ree= PC Link, PC Link{Checksum), MODBUS RTU,
MODBUS ASCII
&5 Zd 115,200 bps, Ethernet X9
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A4 A

SD7}=, SDHCYI=(FAT32 Z4)

H o) H =2 dE / e AA g 9d 2 B
LR A 7% HAxd=a AeAde] PVE A 637K
A4 s
A9 A A AL 24VDC
= AV Ag 25VA Max
AHE-87 -

TF
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o)

PCEL *N1?JE1
. Corrbepd®  Wea
SDAE S5R =N
> 1331
!
A——————— et
|_.J w 2H
EFE /
DI 163

Do&% 323

AN} ol S ] |oUT3(SSR SCR RET)
X015:2} PC %%"ik \oum(sm SCR RET)

COoM3
Hiojset /o1 HES

OUTISSR|2 & &
OUTASSR. SCR RET) "

o (R ]
{24V DC) ze e

° e |2 |°||§
—1{ D3 E

o BB
B
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Fig. 62 Modified controller drawings for the experiment.




B Rs2cc Eel= TEMPZEZ0 6 Pin HUEH =2

TEMP2520(COM2) Master Station
N \
Tx0 (1 —t { 2 RD
= | -
RxD (2 — | 3) 1D
‘ ‘ ‘ —i— (7) ATS
B CTS
— | | | .
sa (3 b . 5 s6
I|I III III
'-\ J-' E-' | () SHIELD
WL J
| =
E#CE B4 J0IE

Fig. 63 Communication mothod for the TEMP2520,

Add Ax FAANE o834 7L ¢8 A= F A%y AxFAH L £§
Az F &FxAo] Az F 714 Fog Az AP AAHAL 2EFE
Aol A2WAAALE 2282 F7E R4 S8AAE Fo7] A 3L o
&% FVE AFE wEae viy] Azt F 24EAY 2AL R FIAR ggsa
o ojg 7o FZFY Axd E&FHY £AE FaA 5.

1. &3 A==
- TE T8 14%(wb)7A] A=

2. 5wy Ax=30
- 50T / %8 9%RH| 4 35%RH7A @A F o2 vtin AR
- gAd FEL 15min B¢ AF @A =& FEgd =EdA EdNE
|

3 sEWE A22AQ
- 50T / &% 8 9%RHe 4 35%RH7}A g4 3oz w3 Ax
- @48 FEL 0min B¢ #AF @AY =& FE#d =dEA ZIANE
|
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4, s AZZAQ
- 50T / 55 H%RHYA 35%RHZA @A F oz d3u A%
- 9AE FEL 30min F¢ AT @A FL& FEHRA =

5, &/g5Ws Axx=A0
- o

d
- uA

AE &
o

6. /L Hs A2=A0Q
- T0T—60T—50CE BAHo2 Wa

FEF 9%RHA 3B5%RU7 A @A Aoz

- @AY FEL 1omin F¢ dF @A
o

7. AL AR & WF @
- Azz7d sy 717 2

- AZF7 "o F71 2L 4

i e
Bl

B

BN

a

8. At AR wE Mg @
- Azx7) ey FI17F &2

- AXFI)4 HFY F717F 2 Ax

Az =4
=

il

Table 46 Various conditions by alternate
fundamental experiments

{;E%Jcoﬂ

watA Zaig

o

L E 50T—60T—T0T—60T—50TE dAZ =2 W
2 90% RHoM 3B%RH7A] @A d oz b3y Ax
£ 15min &9t 3 F DA F2 FEF

EgsA XS

F Az
g Zage

ventilation drying methods as

Heatmg Wlth. il Ventilation Weight of
No o circulation I
) Temp. : ;
/RH(%) Duration Duration (kg)
Té()O 50/none by 14%MC(w.b.) by 14%MC(w.b.) 50
274 50 / 90 until RH 90% from RH 90% 50
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& in 15min to RH 30%
50/ & until RH 85% from RH 85%
& in 15min to RH 30%
50 / 80 until RH 80% from RH 80%6
& in 1bmin to RH 30%
50 /75 until RH 75% from RH 75%
& in 15min to RH 30%
50 / 70 until RH 70% from RH 70%
E 201 & in 15min to RH 30%
(15%) 50 / 65 until RH 65% from RH 65%
& in 15min to RH 30%
E202 until RH 60% from RH 60%
(20%) 2/ 8 & in 15min to RH 25%
50 / 55 until RI 55% from RII 5526
E203 & in 1bmin to RH 25%
(308 50 / 50 until RH 50% from RH 5024
& in 1bmin to RI125%
50 / 45 until RH 45% from RH 45%
& in 15min to RH 25%
50 / 40 until RH 40% from RH 40%
& in 1bmin to RH 20%
] from RH 35%
0,
50 / 35 ”;“;RE jﬁf to RH 20%
& by 14%MC(w.b.)
50 / 90 until RH 90% from RH 90%
& in 15min to RH 30%
50 / 85 until RH 85% from RH 85%
& in 15min to RH 30%
60 / 80 until RII 80% from R 80%
& in 1bmin to RH 30%
60 / 75 until RH 75% from RH 75%6
& in 1bmin to RH 30%
70 / 70 until RH 702 from RH 70%
& in 15min to RH 30%
5 70 / 65 until RH 65% from RH 65%
E 204 & in 15min to RH 30%
60 / 60 until RH 60% from RH 60%
& in 15min to RH 25%
60 / 55 until RH 55% from RH 55%
& in 15min to RH 25%
50 / 50 until RI 50% from RII 5026
& in 1bmin to RH 25%
50 / 45 until RH 45% from RH 45%%
& in 1bmin to RI125%
50 / 40 until RH 40% from RH 4026
& in 15min to RH 20%
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) from RH 35%
Q,
50 / 35 UEULRE fﬁf to RH 20%
& by 14%MC(w.b.)
70 / 90 until RH 90% from RH 909%
& in 15min to RH 30%
70/ 85 until RH 859% from RH 85%
& in 15min to RH 30%
60 / 80 until RH 80% from RH 80%
& in 15min to RH 30%
60 / 75 until RH 75% from RH 75%
& in 15min to RH 302%
50 / 70 until RH 70% from RH 70%
& in 15min to RH 30%
50 / 65 until RH 65% from RH 65%
6 & in 15min to RH 30%
until RH 60% from RH 60% 50
B205 | 50,60 & T 5 to RH 25%
50 / 55 until RH 55% from RH 55%
& in 15min to RH 25%
50 / 50 until RII 50238 from RII 50%
& in 15min to RH 25%
50 / 45 until RH 45%3 from RH 45%
& in 1bmin to RH 2526
50 / 40 until RH 4024 from RH 40%
& in 15min to RII120%
" from RH 35%
0,
50 / 35 “;“LRE jﬁf to RH 20%
& by 14%MC(w.b.)
Heatmg w1th' internal Ventilation
circulation Repeat
Temp.(T) Duration Duration
50 60min 1min 10 (6hr)
50 H0min 1min 11 (6hr)
7 50 A0min 1min 15 (6hr) B
E 206 50 30min 1min 20 (6hr)
50 20min 1min 30 (6hr)
50 15min Imin by 14%MC(w.b.)
50 15min Imin 40
8 50 20min 1min 30
E 207 50 30min 1mmin 2 50
50 A0min Imin 15
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&

50min 1min 1
60min 1min by 14%6MC(w.b.)

&

. A3y

AZd 484 A= FAE o839 AP A2PE Fu7IA2HE ol &F
A2EA Ha 4¥L FIstglon, HFY Ax BYFE 7Y A5t 2¥gH
E 59 FYFS GEse] Adxzsin. AR e AT dPdMe A=
17 & 228 sty d=49L

AZ2YY L Steaming T3 AE2TeE YF o™, Steaming P E 6
Azt Bt 70Ce] dAY LER HEsgoen, AxFRANE Zzte 48 =7
of AFeteE AxUE 2 At AF AxFFE0] & 14%(w. b =aF
w742 AzsFA.

(1) #3 AxA2d5 7] A2 vl F

FHe AE2WPL 70TCTAA 6A3F ¢ Steaming & F 50TA FWizl+E
Qu AxE e ALE o, Fur] Alxde] Byge 2uRdXE AP
W o] 70TelA 6413t B¢t Steaming I ¥ AR LEE 50T AL
W, 43L2EE FAI] fst 51TAN F-w719 7 d2|dA S|H7 OFFE ]
X7 §7etd, 49TAAE W77 @88 3E7F ONHAE %71 &es
= Aoz dgul

#¥e g Fy) PPoE ZL 9 uFE Azsed 285HE A9,
AzA L, FEAAR, 2adUA, 1A4E, HMi+8FY, €58, 1F:0=
F3 8] Bl astgn

(2) FulZIN =29 HAFUZF ¥3LY
3o Axg A% 1F FAFE 4A37] HAst FWiy) A2 AxdPe

2 30 kg, 426kg, 583kg, 785kg ® 962kgd 1FEF A FHYso F 539 A
AP E sReY, 4 4379 LvAYF, AAL, FEAAF, 28d1A, A
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e, ¥48FY, 4EE, AFA2F (kg/h)E FA H ASSHMA

IFE A2 F BRPY 9 o] 14%7A Ax3dn AL 1A F5%0 o
AZE9 F5E0] 20% oY W 2o & iAsst E F Y wﬁ%loﬂ
FRFTEH ﬂ%ﬁ}zﬁau AAL 7|ZAE Az F AF # $ 49
o] A F.ET B A 6%, w. b oY AR FAHA U (FAEDZRT
AR F 2. 2-1-Q1)

oleidt =7 etf), F+&e] 6%l d W nF HAFYFE FHFnA I
o},

(3) +3td 2x=wis A9

o' EZ Az 54 EF HFAANY FE olFH EHAY FE o|F
FHEE won EF HUHAAMY FE o|Fo] AF AHV HE F4E FELAX
7] Zt(constant rate drying period)¢]2} 313, E& YR AL & o|Fo] Ax &
Ag Al HALE ZAE3AZ7|7Hfalling rate drying period) .2 TE3I2 ¢t
(Fortes, Okos, 1980).

FEAZZIIAE Ax4d W 259 WF25E7 A4 WF2= 7A 97t
2] 7] "L o] 7| A &% ¥WIEE Fo AL ok

JRL=7t o 25CY o) 70CTA 6413 Steaming F 50ToA AZ5A 2 o
AFREL SEE 2443 o|FHEH AR Wi2xE9 ZopR A d.

A FE Pz HEH LE 2L Lolr] st o] JEDRI|IMA T
0ToA 6A]3F Steaming ¥ Th&3 o] 37k =71e 5 AyPstd HF 1x =3
< TR

@© EFH7] A& A8, 70TolA 6413t Steaming ©]%-, AZ=T7H A 50T
o L2 HAZXE vrd ste A5

( 70C Steaming(6 h) - 50T drying)

@ 2L 2HoZ 70CAA 6A7 Steaming ©]F, 60TNA 10 AR F 50T
22 2nE HIAA AxE e 459

(70C Steaming(6 h) -60Tdrying(10 h) - 50Cdrying)

@ Z& 2722 70THA 642 Steaming ©]F, 70T A 1042k, 60T A 10
ANz, 22 F Az ARIAAE 0CR 25 H3E AAste A2 4939
KA a= )
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(70C Steaming(6 h) - 70T drying(10 h) - 60T drying(10 h) - 50Cdrying)

2 E489

(1) n32 Axw 9

T5 Axd AP AxRIE Fed7] fdte AFxEd FAA Be] o]&HE
Newton Z9& HEPF Page RES Adalgon, o o9 4 (2)¢ Zo] &
A8

=

—M

=

Mt)—M
T = exp(—At”) (2)
A7|A, M) ¢ XY e AFI|E FTFE(LT)
M, : AFIE 27GdFE(E
M, AFNE HFETE(E
A, BE Ag84goly ARFTV Y &5

%)
=
o AugEe g2 Yed

Az 1= AQAA 2719 Tol7] AEAGE BT EFE A A=A
W Zzte] AYd wddel o ANE 2E B5E7NY 28 AX(Drying
time)o.2 4% Azo) Ve

HEqT-E& M, #FE HE317] A5t 29 4 3)e e 3 ¥ Henderson
A& AHgsld e

RH = 1—exp{—k(T+ C)(1007 )"} (3)

AR B =1.2188 < 107°,  n =0.9913, € =2576 ol RH: AUFE(LF),
T:25(T) ol P& M 2 AFYso Yepfd v59 4 48 2.

In(1— RH) }% (4)

M, 0'01{k(T+C)
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M) — MM, _ M) — MM,
2] o] Page R dA o)A W—E— P ghrdlely M = i o2 O

H L9 2 (59 &
M =exp(— A7) (5)

(2) A=x 28 YA

FE 71ty Az ol&3E UF AxX7Y AR 4£8 GuURAE F7)Y
AR, £F7] 7F NUAZ FAHAEY. FT7I7ME 28 FHE IHY d&£FL
2 Aoz Aitgd

L Gl e T~ Ty o
¢ E,
oqg71M, P, : 8H GE&F kW)
P AF7] AR (ke/s)
c, : AF7] vE (1.007 kJ/kg * K)
: g2 7] vd (1.868 kl/kg - K)
H 1 ¥719 29 =
T E9F25(0)
T 97| %2(T)
E, Y dR&(AT)

oM, £F71¢ 4£8 T2 U5 A(MNE EAAT

_ kAl (7)
f 1000E;

A71A, P, 1 FF7) THEW)
AP 1 £%F7] ASt (Pa)
B, @ 52(05)
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Az £8He JAvRA = 71718 MRS £F7] 75 oAZTH 372
At 71712 ldA g $£F71 7F A F PDE o9 4@ 2o

P =3600(F, + Pt ®)
Aq71A, t (e A% 428 A7tolu}

AGgAel st Azvlol FFE de AR FEFUFA L AR sHdol
AgEE dRE W93 A%r) A ool saddh Axr)e duge F
Fdo i FEFeRGNE EASE, 1 HO) A,

AT Ay 100 ©)
F49 3600¢, P,
A7) M, n, @ AZV] ] dEE(%)
AM : AAE FEFAkg)
he, @ AR W FEFERL k] /ke)

g

Azx719 H¥E7rE $A3tq dxy] EE ol¥d ulia oA (specific
energy consumption, SEC), WA 8 %3 (specific power consumption, SPC), &
A A& (water removal rate, WRR), ?17t&(ratio of dry, ROD), A ¥ %5 ¥ (Drying
capacity) 5°] AH&-E™ Ztz}t thgat 2L A(10)~ (14l 93] At

Eatel B s
SEC = w7 = = a7 Mlke-FE] (10}

SPC = ——== [kWh/kg] (11)

L (12)
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= [9/hr] (13)

) Tk T a5 5
Drying capacity = T‘;d _71:2: T ;\?Z} [kg/hr] (14)

E AAstr] sste Azl A4 AT E e Ax T
SAT F2 AAFE Axse JANA LA B B - gHo] 4EH
7HAE AN NE ade] Hu Yok 2H2R AnFe Az Axeld L T
T FEF AR o= A% FFH dxuUst AAH AAE e FLE A
Az & & A& Aol AN, A% B FE A YL Bt 2

A

Oh AnF QA A FF A

7A3139] Capsaicin 339 ZRAWHLE #F 474 el on, A2 AE % 48
of Jeldigictl 1x7t5F AlE 1go) acetonitrile 10 mbE Voltexel A 28-7F EF3)
I 1mE HI 5557 Inlg g YT F Sepak clean up — F T : acetonitril
=1:1 (V:V) = 10mE sepakdl FHAAZt}. Sep-pak C18 (Waters)<
Capsaicinoids& &3 Sl A o] JOBE Sepako| vIE7| A FHT+ £
4 AL clean up?t sepako]l F 3} A1t} acetonitril 4 mlL sepakel] EFHAA vialel
@3, sepakdl FFHAZ 10mée] FFF  acetonitril®] EFEE HPLC
Autosampler vialdl 1 AE A 9=v}. Chromatogram® Z#e] Z} =X 3
Al 408 FHFs A2 gE& JYeEdsdth
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Table 47 Conditions for testing the content of the red pepper capsaicin

Item Conditions
Model : Jasco(LC-900)
Instrument
Detector : UV(975), 280 nm
Column Crest pak C18S column
Mobil phase Methanol : Deionized Water = 65 : 35
Flow rate 1.0 mé/min
Injection volume 15 wé
Integrate Jasco
Chart speed 0.5 cm/min

Table 48 Detailed conditions for analvzing the capsaicin of the red pepper

Column Creatpak C18S 4.6 IDx150 mm
Pressure 110~120
Temp. of column 30C
Necessary time Capsaicin 10.30minutes, D—capsaicin 16.00minutes
) Sep—pak C18 Short Body Cartridges
Filter Part No. WAT020515 Lot No. W8348L1
(Pre-treatment)
High density Polyethylene 20 tm Frit.
Injection. vol 15.00 4
Ren Length about 20 minutes

) AdxnFe Ax 24

Anze A% 2HL 2AY ZEAR 005ge] oIAE S0mE o]

ot

g9 &
A FeolA 1643 B S £, B35l 460nmelH EFFEAE o8t FF
=g FAsA okg A05¢ sty  ASTA

(American Spice Trade
Association) @<= T3l YEhy it

O.D3k > 164
ASTA G =
& & Weight of Sample (15)

(h AnFe 3% 24
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Axnze gx BE4L HPLC Wiez stgey, 24 A 243 ARASE ®
498 509 YEMART. 3LE7HF AR 2g0 FRFF 10mlE 7lste 250ml EF#2h2
g HWo] ¥xu A H& t}&, shaking water bathd] 2587 F=30. e A
shaking water bath®] X+ 80TolA 40rpm 2E A|¥dle] AAFT F, 7ol
Ao A AAZE F AAAZG, FX F- 27| o#(e o HE 045 microfilter
or sepak(Waters)ell T3 A1#H AZ3 HPLC Autosampler vialel ¥+=t}. 443
9] Z+ #R4 FHAu]F 508 FAFE AoE F= FHE e

Table 49 Conditions for analyzing the sugar contents of the red pepper

Item Conditions
Model : Jasco(LC-900)
Instrument
Detector : RI930 detector
Column Carbohydrate column(waters)
Mobhil phase Acetonitile : Deionized Water = 83 : 17
Flow rate 1.0 m¢/min
Injection volume 20 pb
Integrate Jasco
Chart speed 0.5 cm/min

Table 50 Detailed conditions for analyzing the sugar contents

High Performance Carbohydrate Column 60A 4 tm

Column 4.6x250 mm HPLC Column
Part no. WATO 44355 Lot NO. T81141
Pressure 90~100
Injection. vol 20.00 ¢
Run Length 35 minute
Temp. of Column 30~3T
RI Temp. 3BT

Fructose — 8.30 minute, Glucose — 10.70 minute,
Sucrose - 16.00 minute

Micro Filter Cameo 25N syringe Filter Nylon
0.45 Nicron, 25mm, 50/pk. Not No. 69617

Filter Sep-Pak Plus C18 Short Body Cartridges

Part No. WATO020515. Lot No W8348L1
High density Polyethylene 20 gm Frit.

Necessary time
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(5) 439 d3e FadA L2484

Ao Frteld §F, A= € g& FAHFE Ax2A} v nE48r] ¢35y
SPSSE ©]4-5l9 one way ANOVA 4% Fdlo] 4@BAE ENa9d 71
w8 Ax 3 A5y Ax 29 A¥FA Ful7] A7 Hl7] A 2 Az 37
Tzl AZtel A 24 T8 W2 A48 435 7 fAolA, 4 3 7
Eote] Atolo] oW #A YA F-FAFE o4 dAEAEANSE AT
AxsE AEaAE v ZE4 AT

3. 43 € &

® ATgME S S AR ol RFH Ut £F AUy IF A
Ax7)e) A4 Az 2AE T dste], 34 WYl N2dg A4 285
AdA R 28 AHe 2T F, ¥IY PPoE AZF WY X LRFE
Hlw A s,

293 A4 RYF 23, AAFE FYstel BYRRIY 22 UAE £
9.

FRAZIZ FULe 350 227 HALE Utk goAA $E e AL F
bspel, Az M Lxo| FHE FolA AxF F Hm EAHY

7. A&AQ FH7) A" 7

NEE 58kg2 F95d @39 Az 2TY AAE & Fu] A2dE F
et A4gE 34T

WA #PHAXE 70CA A 6417 Steaming § F 50CAA EF-97]+8 1 A
25 §den, Fujy] Alade zuREE #APAxe) o] 70THAA 643
Steaming ¥ ¥ FRLEE 50CE AAQsm, 51TCAME E-ul7| 77 @3dA &
El7} OFF7F ®3 FAld] &X7F oA 7] A2pshy, 49T7 € o F-8j7]57F @
Z A 3 E 7} ONo| Hiz 257 A58l7] A&s4r.

BYAZE AZTLAA A2 YRe 2% HAPJL 6TAE dAsigon, Fut
=2 ZE #HAZE 3C7/AA FA4ENN, FH7|A2EE HES AxE ON &
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OFF7} 3213 sH¥ = gith

AZA YHe SEHA: Ax 2R E 2T E | A2FH A= 15T
o, RrFr9 25 26T ~22Teth

1E 640] Ful7] AlAEE AHE9 AT 33 AxdYY Al g2 ?}
FH9 WAsE aH=Z2 dehgen, & 14 FZe A Az AQHE An
Agg, A, FEAAE, 2244A, AL, H2259, 458 2 :ﬁz‘r—ziz:
Fkg/h)& YeERN AT

#P9 Axe} vt FuHl7) A2 Fgo] AR £28FHE AL 4514
Lol A 528A e E TTAZ oF 11%AE ZAolA}t. AR Al7le] o] A WA, A
B AR AL B Ax o] EF9i7] Al2dE A8 Azt Fo
RAG, F 2 AEF, A28 5E, 1F 1kgd 284X F& BT F2EH
o, E8E&° 45%point F7FEIE R A|ZtE A8 duUA = ¢ 16% #A4EE 4
#g vEdv

Ho

lo

1.0 G

Red pepper(60kg)
0.8 1
® Traditional system

o O Draft system
'E 0.6
g
=)
k.
=] J
= 0.4

0.2 -

0.0 ; : : — e

0 10 20 30 40 50

Drying time, h
Fig. 64 Comparison of drying curve between the traditional dryer and the modified

dryer used in the experiment.
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Table 51 Results of the traditional dryer and the modified dryer.

Draft sys.
Test Traditional
(58kg)
Amount electricity
84.1 999
(kWh)

Drying time(hr) 52.8 451
Water removal(kg) 3892 3951
Energy consumption

7.78 9.10
(MJ/kg)
Ratio of
~ 131 153
(%wb/h)
Specific power
7.43 8.85

(kWh/kg-14%wb)

Efficiency(%6) 30.63 26.18
Ratio of dry(kg/h) 1.08 1.27

v nFAx9 A FYF 18

(1) F4Fl 2 2a4x as

z3 HAH BYFL 73] 89 70T 647 B Steaming F F F
7] Al24d& HEstd, 50CE A sHA 30ke, 426 kg, 583kg, 785kg B 96.2
kge 47 T8 ¥ 559 AxARE 3t Ao @2 e HEE oS
o] I3 659 Yo Ztzhe] AQeA su|AHF, d2AN, FEAAF, &
VA, AR, ¥4285Y 958 2 22AZXSkg/h)E 24 2 A&
&9 ® 2¢) eI

7HE Ae TUFQ 0kg € o, AFRAE AR AR Bgen AF B
2 BAFQ Bkg 4 o, AXAE RIAZOR Tyt BFL 3 o) ¥
oLAA W, HE A8 AZF 24 oA Hojubx Zth
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AN FAFFo] BolAFTE AFANE A A 727A7te 2 F22414%]
£ 522kWholl A 1249kWhZE FojuhAlgl, Q7o) Audste] ARATFe] Eout
A ER7] WEA FE 1kgF A8UA, HAEFHL Fo] 231901, A &
&2 BolAE RAog APAqA ey,

HAAgA FdiFo] BopArE AZAH FALAHA] Fo|PAT, A4
& H A8 FHE Fo] B}V WEA, A E&FA FHAAE FEFdE A
< e WA

1.0
0.8 1 1.7424
M =-0.00585t
—
1.6844
& M =-0.00532t '%®
= | _—
4@ 06 >
o M =-0.00353 t 7%%°
E 4
2
O 04 -
=
02 4
0.0 T
0 10
Drying time, h
[ ] Experimental (30 kg) —_— Predicted (30 kg)
(o] Experimental (42.6 kg) meaxdlias Predicted (42 .8 kg)
v Experimental (58.3 kg) - —— Predicted (58.3 kg)
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| Experimental (96.2 kg) _— Predicted (96.2 kg)

Fig. 65 Drying curves vs. various drying conditions by the modified
dryer.
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Table 52 The test results of the experiment as various quantities of red peppers.

Test 30kg 43kg b8kg 78kg O6kg
Amount electricity
522 70.3 84.1 1079 1249
(kWh)

Drying time(hr) 40.0 475 52.8 6b.5 72.7
Water removal(kg) 20.83 29.51 38.92 53.17 64.87
Energy consumption

9.02 8.57 7.78 7.31 6.93
(MJ/kg)
Ratio of dry
1.73 1.45 1.31 1.05 0.95
(%wb/h)
Specific power
8.74 3.32 7.43 7.09 6.72
(kWh/kg-14%wb)

Efficiency (%) 26.42 27.80 30.63 32.61 34.38

Ratio of dry(kg/h) 0.75 0.90 1.08 1.18 1.29

@) F9Fo] BE 12 F589 AR

I*‘N

Az F & AY Traydl A= 7HF Bol =& atxé 713 AA v 5538 &
F&E FASIE, L Xole kg FHIHAE WE 4% point, 426kg FY Al
48% point, 583kg ¥ Y A 6% point, 785kg FY A 85% point & 962kg F

Al & 11% point o]4o.x YHEEHT. FHITFAETAE AR Ax F &
9] A= 6% point o4l olojel drhil Ho| QledH, ol dx F F8A ¥
£70]7] HEo|th

a9 660 7] dE %€ FESHE | & AA AuA, A g
2t B 513 AXEE JEdeH, 159 FUFe] Hold4E AR HA
23 Hoy, FHFo BkegeldEs WE g A9 Trayd d= IAxd 239
7} 10% o] Ado] =W, FQdFo] HolASFE 29 HAY Fol=e AL I EZ
A gelg 5 U

Ay FAFE AF
wolA 7] W& F

l

Qo] Bold4% oux 1ge wouh, Az F AR}
A7 5~6% point] 60~65kgel & 4 Ut

E
T
o]
=
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Fig. 66 The deviation of moisture content, energy consumption{MJ/kg) and ratio of
dry(kg/h) as the change of quantities of red pepper

o}, 7#3d SxHdd nE 434 25 9

FW AN g 4L5HA T0CA 6X3 Steaming F H0TE FAsd A=
# A @7 Steaming F 70Ce 60T A 214 104 A= ¥ oA 50TE 3
A A2G APANAY A & Fele] ERE 29 679 JEeY, 7
o] AFAA AnAEF ARAD, TEAAF 2844A, ARE, 42859, €
E& 2 2345%E E 39 el

FHl A A 22 g A-G3te] #Ee Ax PP 70TANA 643 Steaming -F &
EXR 7|TAN 2x¥E 2 g1, 0CE AR 258 4439 PEE 4
oMo Bz AHAHFL 841kWh, AZAE 52843, FEAAFL 3892
kg, 28dYAE T778MJkeg, HAFLL 131 %wbh, HILAFHL 743
kWh/kg-14%wh, 9&& 3063% IFAEFLE 108kghoez Yeldd( 70T
Steaming(6h) - 50T drying)

Fu] 7)1 A A2dE FASA HE3AA FYH Steaming I, 60T A 10412 A=
¥ 0C=E @3 A28 4% 2e 2949 F 702kWh, d=A| L 37543,
FEAAFE 006kg, 229 9A< 645MJ/kg, A& 1.84%whh H A ES



2 626kWh/kg - 14%wb, €438 3694%, 1FHZ2FL 151kg/hoE viebych
(70°C Steaming(6 h) -60C drying(10 h) - 50°C drying)

Fj7| A 29 S LA FASHA FLF Steaming F 70T 60T A 747t
10N Ax F A 50CTE 234 Axd 43 dd: 28 F 631kWh,
AzAE 3L1ANZ, FEAAFS 3B15kg, 589X 595Mkg, A7LL
222 %wb/h, ¥lA258L 559kWh/kg - 14%wb, & & 4002%, LFAZ=HL
1.78kg/he2 vebtrl (70T Steaming(6 h) - 70Cdrying(10 h) - 60Tdrying(10
h) — 50Cdrying)

&3 go] 895 H, ol AR #Y9 Ax WHH FEAZVEA A
{d 2% WgE F84 33 49 .

@70C Steaming(6 h) - 50T drying (#3)

@70C Steaming(6 h) - 60Cdrying(10 h) - 50TCdrying

@70C Steaming(6 h) - 70TCdrying(10 h) - 60Tdrying(10 h) - 50Cdrying

Fui7I A2 A L3EA TOCToNA 6417 Steaming §F S=2E dAFHogE @
FHA Axd dIEWH)E B0TCTY FL€d 252 Axd Z5(OWH)9 vl nstd
AZ A 7re] 528A7tel A 3L1ATeE AW 217X @EHAZR, Aad A"
H AL 5Y BT fr4adte ARE HYow, A L84 uAE Ad F 20% 3t
A

Az A dEAZ 7|3 A 9A F5E7AR Tgshed oF 2043 499, 4
Ax7 T MAZEY UK L7 dxde 2ETE 284X GEG. o
71 et B Az A WHoE LEWIHFE Foji APYL Fgen,
Steaming ¥ FEAZI|ZtA AAFFE =Eds Fotd AXL2EE wd4
E AzA7re) 92HA, A2 YR 2x9F AAzxE9 257 LR
aston, Mz F #Ye] AXzEFG PSS | AY F Az FEHIE Zol7t Q)
At BAl ABEF At A 9 HAQFEHL A= AL AL Fid &
T 9.

daitx oz 7|Ee A7l AZ7Z FE Azde FHAA Steaming F 60T
o] el A=E A Hw 139 Aol HA Utz s, YFE-E ALER
5€ 50T " 55CAA 258 4% A%E 4z Yo

At FEAZV|EYG AZLEE ¥k AZEAE 9%S 4 ggoen,

b
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Fig. 67 Moisture content with variable dry temperature.

Table 53 Results of experiment with variable dry temperature

Modified Change of drying Change of drying
Test dryer temperature temperature
(58kg) (60T-507T) (70°C-60TC-507C)
Amount electricity
(KWh) 84.1 70.2 63.1
Drying time(hr) 52.8 375 311
Water removal
(k) 38.92 40.06 3815
Energy consumption
(M]/kg) 7.78 6.45 5.95
Ratio of dry
(%wb/h) 1.31 1.84 2.22
Specific power
(kWh/kg-14%wb) 743 6.26 5.9
Efficiency
(%) 30.63 36.94 4002
Ratio of dry
(kg/h) 1.08 151 1.78
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O% 684 Fulv|AAdE AHL&EHA 70THA 643t Steaming ¥ 50TE A
¢ Ax 48, 19 699 Steaming F 70T 60TA Zk2F 1044 Ax F o
A B0CE @AM A=# UY, 29 70) Steaming F 70T 60TAA 77} 104
9 AZ F YA B0TE RAA 128 ABolAe Az A me Az

=W gug W, %5e Wi A7 adE Yt

80

Indoor Temp.

o1 | Outdoor Temp.
—————— Inner Temp. of red pepper
=SS Weight of red pepper

60

Temp., T

20 T T T

Drying time, h
Fig. 68 Change of temperature at indoor temperature, outdoor
temperature, inner temperature of red pepper and weight of red

pepper.( 70°C Steaming(6h) - 50T drying)
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Fig. 70 Change of dryving temperature
(70°C Steaming(6 h) - 70TCdrying(10 h) - 60Cdrying(10 h) - 50Cdrying)
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% 487 AxRY9) AXEHA

718 ARV A8 2EdAY d£387] Adx2E 0T 2294 77 d=xE
617t AAlstal, 1 Fe] @A 50T dA% I8 AxT7] =44 458
7] Adz:e) YHle=E B e 14%7HA AE2PE o A e Feare) W
€ ¥ 719 deuigith
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sl 1){_ 4 " a4~ 41.3666
M=exp(—0.03171 )
2
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o
@
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=
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Fig. 71 Drying curve of the red pepper by the existing dryer and drying condition
AF ZAIAE F 530 v Az BYE AHFLS 9952kWh, L8 A

2 4907, H28 qUAG R AALE 2 AREL 7247 754M/ke,
1.07kg/hr, 1.57%/hr & &4 9 AEH AT
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Table 54 Test results of red pepper by the existing dryer and drying condition

Amount

e dfl‘:xi)w uffé" ) Efﬁ(c;e)my (hiJE;lfg)
099.52 449 3111 7.54
SPC WRR ROD Drying capacity
T2 (kWh/kg) (kg/hr) (%/hr) (kg/hr)
9.53 1.07 157 1.29

v 1= A g5 AN & Ax54

F7H8 A&7 H4 AN 6224 712 28 Ax F gEUE dAFH R A
WEAI7 = 2702 AXsFor A% N7 ©E FeHe] Wike ¥ 729 1
Bt A2 274 712 £8 dx §F d=x24 Y§9 257 F45t3 Fda=7}
A A #A=HI o Ferle] dstrt Ag gle 73] #gHa Ao Axd
e 2= Aste g5 WEE 19 734 YeEddt

® Measured(E-101)
Predicted(E-101)

0.8 4

M= exp(—0.001404%%)
06 -

04 A

Moisture Ratio

'3:0 4'0 SlD 6'0 70
Drying Time(hr)
Fig. 72 Drying curve of the red pepper when relative
humidity is controlled with an existing dryer
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Fig. 73 Change of temperature and relative humidity in the drying chamber when
humidity is controlled with an existing dryer

Ay A=E ¥ 559 vehdew A AxI) A 7628 T &7)15Fe] 118
o o|FojHrt Axo FUH HEFLE B425kWh, £9 AL 664417, HlA
& JquAg F7 AALE L ARELS A7 629MJ/ke, 0.72kg/hr, 1.06 %/hr =
4 9 &5,

Table 55 Test results as an applications when relative humidity is controlled with

an existing dryer

Amount : . .

electricity Drying Efficiency SEC
(KWh) time (hr) (96) {MJ/kg)
84.25 66.4 373 6.29

E 101

SPC WRR ROD Drying capacity

{(kWh/kg) (kg/hr) (9%/hr) (kg/hr)
7.95 0.72 1.06 0.83
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. 1445 A &-F% "Wigdydy & Ax54

7HE Ax7] A8 2¥NA 6Ae VL 28 Ax F 2 B §5E 2
2 QA d3A7E £ALE AxFF e Ax Azl oE rHe HEs O
H 749 R = Asdi e AXSHF Ze] Ax &[] g5ue] Wg
7t AY R 7o) #FAHIL 1oy HuA T Ite] Fopx tdEAx 24 A
7H: £ A= § 2xHEE AA A & "o A= A%srin @dd
AzANY 2k W39 &= ¥iE 29 750 JERfIUT.

1.0
® Measured(E-102)
Predicted(E-102)
0.8 |
B
o 06 A o 4H
14 M= exp(—0.00147¢>1*13)
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o 04 4
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Fig. 74 Dryving curve of the red pepper when both temperature and
relative humidity are controlled with an existing dryer



90 90

— Relative humidity L 80
—— Temperature(E-102)

- 70

- 60

- 50

- 40

Temperature, ¢
Relative humidity, %

- 30

20 1 - 20

10 T T T T T 10
0 10 20 30 40 50 60

Drying Time(hr)

Fig. 75 Change of temperature and relative humidity in the drying chamber
when both temperature and humidity are controlled with an existing dryer

Ay AFHE E 5600 dehiged A AXI| DA 363 B¢ #7]15Fe] g
Ho g o]FojFrh Az FYH AHFL 64.18kWh, 28 AL 43447 v &
£ dux g & AAE L A7E&L 247 481 MJ/ke, 162 %/hr, 1.09kg/hr, =
54 9 AEFHAT

Table 56 Test results as an applications when both temperature and relative
humidity are controlled with an existing dryer

Amount . o

electricity Drying Efficiency SEC
(KWh) time (hr) (%) {(M]/kg)
64.18 434 48.76 481

E 102

SPC WRR ROD Drying capacity

(kWh/kg) (kg/hr) (%/hr) (kg/hr)
6.08 1.09 162 1.35
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Al. 5718 d=x7] 48 d3dM9 AxFA "

F7H8 Ax7)d AEE AdA 9587 A2 |9k, 252 R §% 2]
o2 B 3= Ad¥xe AERFAHES ¥ 6 AE Akl & vl W
2 vehdiien, 484 &v AEFH L8 A, Hl&8 oA g vie §9,
T2 AAES AFE & ¥ 579 dEo] vms Y.

FES GAFCE WA HMEAFY Axd FGol Ax Ade] 664r LR

ZAZAT AZ 422 dUAE HAQ oUAEA 629MJ/kg ol Ho] A3
Az 754MJ/kg 3 M wdte oF 166% A@EHE 24E YA

- % FEF dAFZE BA HEAIH A2 A9 Fx A3re] 43447
L2X A587] A= M9N T HIF o 3% BHHH Az 28 AUAE W&
£ dYAZAN 481 MJ/kgol Hol A&y A2 T54MJ/kg I HHEHe] oF
36.2% Azts s A3 YeEhdd.

1.0
® Measured(E-101)
O  Measured(E-102)
0.8 - ¥  Measured(T-2)
’ : Predicted(E-101)
ﬁ ---------- Predicted{E-102)
iF) ——— Predicted(T-2)
Rl w
T 0.6 4
©
& 0
g
3
B
o 04 4
=
0.2 4
0.0

Drying Time(hr)

Fig. 76 Comparison of drying curves by the various drying conditions as the
application test
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Table 57 Comparison of results with the various drying conditions at the

application test

Test designation E101 E 102 T2
Amount electricity
84.95 64.18 99.52
(KWh)
LyinE, S 66.4 434 449
(hr)
Efficiency 373 4876 3111
(%) ) ' )
SEC
6.29 481 754
(MJ/kg)
SPC 7.95 6.08 953
(kWh/kg) ] ] ]
RR 0.72 1.00 1.07
(kg/hr) ] ] ]
ROD 1.06 162 157
(%6/hr) ] ] ]
HEgiE Enparcy 0.88 135 1.29
(kg/hr)

of. 718 A27) A4 4PN Adxzd Bg Axnd

F7HE Axy] AE AFoAMY ASdx 72 A A9 nRviAR 1F
Azd A AzmDE sy ke dAxzRY FA ®ol o&HE
Newton 2E-2 HEHT Page RdE A3}t A% 27AE HAgdAN AF A9
B ¥ 583 o] 0.00149%F 1.9095, 0.001473 2.1213 2 0.003173} 1.86660.2 A4t
e Agel FAEFE BHL 5% dF 428 AT FolXle 4TS F4
& 4 olvh ZE Fikol 20580.1 o]/4e|a P#ke] 0.0001 W¥tez BE A¥A
Fo4-Fol A YE.
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application test

Table 58 Coefficients of Page model resulted from various drying conditions as an

Method of 5
Drying A B R F value P wvalue
E 101 0.00149 1.9095 0.9880 20589.1 < 0.0001
E 102 0.00147 2.1213 0.9812 56912.1 < 0.0001
T2 0.00317 1.8666 (.9888 280914 < 0.0001

a w7H8 Ax7] 48 4¥6dA9 AxFx04 & 4 Axxd

78 2x7] H4 AFAAM FpdE 7| 2499 B4 wAAAR nF
Aze HFF AzREDE FAs7] st AzxRY FAA Bo] oEHE
Newton 2d-& W¥ 3 Page RES A Adx =748 A4 A A9
BE X 59¢ #Zeo] AitEHom Age]l A&5E BEe FF5 A4F 28 A9
FolE AL AT 4 it 1F 3 Fito] 421498 ol Aelx Pzte] 0.0001 H
Rto R RE AYA FoiEe] A JE

Table 59 Coefficients of Page model resulted from various dryving conditions as an
application test

Method of

) A B R2 F value P value

Drying
T3 0.0136 1.4727 0.9548 8041.66 < 0.0001
E301 0.00204 1.6374 0.5443 172854 < 0.0001
E302 0.0132 1.4904 0.9516 421498 < 0.0001
E303 0.0346 1.3402 0.9537 413183 < 0.0001
E304 0.00519 15191 0.9479 8821.85 < 0.0001
E305 0.000393 2.0273 0.9151 61460.8 < 0.0001
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Fig. 77 Comparison of drying curves by the various drying conditions as the
application test

A 5748 AF7) A8 AU AzxFY JEREY

Az ArlolA, Ax 2 Fr 4L
AApo] L PB8) Az A total capsaicinoids

& ZFAE F 60 22 b
24 22964mg/100g, 48 2AA

£ 19818726352 mg/100g & SAHUT. FEE= 8 Ax9A 18617 mg/100g, 2
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8 ZAGAME 17250719733 me/100ge] HHE SAHHAUAY. ASTA #2 #3 A
Zd A 59.051, A% Z=AdAE 58340760.357 = A = Y}

Table 60 Values of capsaicinoids contents, ASTA and sugar contents in red

peppers dried by periodic exhaust conditions and traditional drying condition

total : Total | Fructos
Method =8 . . Dihydr
eof le) capsgécmol (Cr;g?f(l)((:)lgn) _capgajc%l AT | g & Glzu;(;se Su(c;(;se
Drying (mg/100g) (mg/100g) (%) (%) Y o
T2 22.964 2877 1471 59.051 | 18.617 | 10.767 7.850 0.000
E101 26.352 4,199 2.420 58.340 | 19.733 | 11.183 8.550 0.000
E 102 19818 1.686 0.883 60.357 | 17.250 | 9.583 7.150 0517

#8e Az 49 =74 & HAbold, A% g FEI} ofd #A I AEA
F-E2A4%& o] &3 d4&24& s 2 25 479 7Ax 244 & J&
o] BHMo] B FAoE ZAFH 0w, PALolAl, Ax, Fr Fo= FAH
o2 #2939 ol Rola Y Aoz YEgth (p<0.05)

Aol X Az 2+ PAtoldl, Mx B Gy}l TFAtol7t &3] ofH gzt
Jol A 7]AsEAE AAFEAI}FELY 2 AHE E 619 YEIAA

AYIA B9 v FEVs A4RRE S AAoNE we HoE b
R, 2% 2 #EE WHAAL A9 DE @ol Ua Wi 3sE Aoz 24

fgod 2E Aol AsE 1A Aol Gk Aoz ey,

Table 61 Results of Duncan’s multiple test dried by the heating and exhaust

conditions
Method of drying Capsaicin ASTA Sugar
12 22.9643" 59.0509" 18.6167°
E 101 26.3520° 58.3403" 19.7333"
E 102 19.8183° 60.3575" 17.2500°

* Means with different letters in a column are significantly different at
p<0.05 by Duncan’s multiple test.
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4. 8% 2 AE

1% Aze] goq AmFe] BW = BW, FUAR Az ofdgol}

U W89 Aol T mEd A8 494 9% A28 EAL
o}, old] AZ71e EEL Rol7] AF FHe E zdL FHHY Asd &

4 Foj7] Aade A4 ARAAS A8W A2 E o454 az-—i%éw—g

oy, £, APAFRY PAL $HETR AYHES axFAE AA

AL, o1F olgae] FFo dEoz WyIHE B AXFAL WIS A
g WA E AEBNoE H§F F, o AxWHe] 3o AzEAFH A=

AA, Azd w39 Fd Fol UAe JFS 245U

44 2Y4e FHA7) dotel Az £YFS HaAged, AxTFR W) A=
=2 WeAvE Pes A9l 28 ALY A2 2R A, ARS T ¥

Sgom A7e @oeg eotad qad 2o,

2

ol

2
Al

o
32

EJFIO

L Az A FW7]7E BF 93 Azxse 71€9 dvbg Ax79 3¢ A4
ol TFE o Fui7l77 @3l 3|57}t Ade] AadE o Fulrl7ot dEE Al
g8 H83 d=2r2 49E& sttt d=27|3bee Fei7loe 3218 E¥E 29
£ TEIGAT. 248 AAE FA2EE 4839S B, TAIRYY AFA
7te) F71ate] ARG, AT AFAZFL ZEJAT, 20 AHF, A8 YXA,
28%Y To| #Aaste] AXANE EoAT dES WA fFEF Az @
L2 YegH

rﬂl

2. 71&9 A7) dzx7]9 AR Az FYFE THH7 A9, F9FS 0ke,
426kg, 583kg, 785ks, 96.2kg 2 Ble] A&3E Fujz] Axdle] FEwH AZ7)
of 53 gL 3Gt nF] FEYFo] LT E oUA A& EURoY, FY A
ke glE 3FY §59E HAZL solAth iF FUFS & A9 Auke] 60~
65kgE S o F5&o] 6% WA

3. E&Y Fu7IM2EE HE% AXVE AMES, AZXF Wl 25 HEE

Foste BieR Az 4¥9& gt Az ¢e F&A=N U =¥
€ FAEH, dAdTEd =25 A7 E 2= 2255 dUAFETH AL
A FdolA frEstgen, 48 Az g AzALN A¥AYF BT ALY
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3 3% 1kgF Az 283%E qUAE A% £ Qor], NNY AZFE F7}
4 & = A9ERE FEA,

Al

4, [AZFAZ, AgE¢ L NF nEAZZe APAZEY iy Fulr]) A2E
e NG nEAZFL 747}

2 A& A, DXL 175% LoAAHEA A
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36.8% @EgozM, AL} NAF nFAxF] 7H7} 4519%, 40% Frtshe 2

#E veioh
5. 718 HE7|4 A E A A5H87] =A9 4FF vt 5 W3
Az A5 A2ALo] dojA e AAFUAT £8 oA AN 754 M]/kg

ol A 6.29MJ/kgZ 165% H7= 0.

6. F=9 X Wizl Axx ASodE ARAZ] AY FUSFHAE oA
F ko] 754 MI/kgoll 4 481 MI/kg=E 36.2% AH= F3E Yy
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<x9 4322 JMdEHe A2HE T3z 7144 s AA® iF dHE &
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7 2R FoFEe AEE @l Az 9 F7F AAY 4+ YL A4
AR A7t e W7 FE AR Fuj7] 2 7] FFe] YEHEF A
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. 25248 AEEY AF

e 8 242 Az D S4EA AxzAd e £Zd3 Sgy AAF
F, 3719 £ 7T AAE 483 22 + Y2 AoFAE THINYL

el SEEH HYe] ¢7tHY, LEAAMY FEANERE ZZe LEZ 9]
AA FHRe 2= 237 2 FF A7 Y=€EHY ZEEH Y A& )3
FAEHY 7] A & Fd ZAEEA A4597] 34 2 2FEAe Axw
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e Az 238 9% o8 77 2388 HASA, ¢1§ ol &3t A
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(1) Aa=39y 44

Aol A& AA 2
A 1
Ao 7] iR S5 3] H
#1 Closed On On/Off 2HY Ax
#2 Open On On/Off Ayt A=
Az . _—— o oo AALx AZ(A™2T)
B} # osed/Open n it g 9y A
AR 7] o5 HH
#4 Closed/Open On On/Off
A& *

* AAAZE : A9 closed — open 1E Al A, open — closed 108 A7t A

(2) A=Y A8 434

Ao}l 5 44 Az
Ao} 7] grolu] | Elolm | oy ey Eho]y
Azuy #lo> | #l> | #l> | #lo#—> | #>#3 >
B g #2 #3 #4 #2 #2

* kgt 2 g shgEof 3

(3) £x @ A2y AW 44

AN E AA &=, 44 A7
e e + ZF A AL AAFOO hr OO0 min)
T2 F& + FF FA Al AAO0 hr OO0 min)
A2 AL + FF FA Al (00 hr OO0 min)

4) 5% Ax 44
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2. A4 £4

¥ 629 TEAFTAY LFAME7E £258HE AR MEY 10aE Vs

17134 Y3 57k 42, 5160kgs] 1FE AU 25o] 1H8MT o]
3, o] F A7 9Mw @ o]4g AX Bk 9B Ad 4An F AZE 99

FdE g7} AR 40.7%F AAEE Aoz vy, ZAAZ WEo] ofd 7

ARxS HESe2E AAE AXPAL AR AA A o 11%

7} R B goE AaFTE 2A 9 v, JFIEEHHE 2R2E RS FHF

9l B7le] A502 ojold F 9t}

# 62 1F Al w7k 49H 24 (d 1714/10a)

H] =g T = A() ] a1
=449 FHALE 7} 5,160kg 18,030,068 AEEE 95.7%
Fd5HY| 3,836,554 ZAgu] 5 40.7%
g 8 F7HA 4,541,100
74|
Azg, Z8UYF 9 1,044,652
Al 9,422,306

# AEAME ASAE(EEAETH, 2008)

AZ7]19 B9 LEEHY Aodte]l MAHUZ] HEol, AF @7 A

WEZ o FelA7 gt

g, F7HETRY AV AL AE, F2T AHE BT 1656%, =%

&5 E A AEI S 4%, 36.2%9 A7t AAH ) wEkA, FL5Hu)
Fdo] AEANHL AL, 10a F FEEHY & 63303190 AZHUL, 2H5% Ao
E & ALdE 1,388833¢0) AR YU
ol 1F4 FAR B4 A FEFYEU = 7TM4A/kglE FAEHGE, A4
aF FAF 123 d/kg, 269 A/kgd AGH Y AREA dv A= YERET.
A 71E B FAEAZR) A Z1AARA FouEle] ZHE AR F A

of BAAde) o =2

Aoz Ve,
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E 63 SFEAAY sAEARYY AAA v
259 FEAETLY 5160kg | 18,030,068 | 18,030,068 | 18,030,068
FdEHn 3836554 | 3,203,523 2,447,721
28 FA A541,100 | 4,541,100 | 4,541,100
SIS Sqﬂ%c‘g% 1,044,652 | 1,044,652 | 1,044,652
A 0,422,306 | 8789275 | 8033473
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i

@ &% 3719 F9 2 IR F79 wE&S 943 AAZAE dAstix, A7)6
H R 3719 €370 A7|€ 2As, 438 A=x7E 44 R AF T,

@ d388& Ax7|9 dzx 3 2PE TV A2A0 H7] ARATLR T
FotA HEAZL F e AZX SagEH AR E Ao,

@ QHu7] =49 23 Fuiz] A1 R 7] AlZkE BgstA WstAg 24
TRl 28L& AAHF TaFo] AXAEE o,

@ 1F Axd I AZEEE Page DY o2 &3t xS 739

N1
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® ARFY FAolA, Ax B Fro JE FHE AN,

® 4o Az wEd AnFe] Y FA4e EHsgan,

@ ©l& o83t /g 7R Ax7E Adste] A¥4E Az LT A
ZAYEL stgon,

g, 2FEAE AEEUE AFstd] NF7E AL,

@ 2aEAAE sAEAXV]E o|4F FAEE EHSATL

Jge] 74y ARE 2ot g Poh

1. 712 A¥oA ALz 4] AR 80T A Fojr] Az B84L 4
Azt AA s, 3 39 BAE 65T AT 25 Q42 H7] Fol
Azt EFEAYAe] Az 457 YA 447t Fuly] A= F
2 AR O Fo] dAGA FHiz|e Wi7|E fiEE dE WHeE Y
. A A3 AT BT HF §5E 14%71A Az

2. 2H=Ao A e Az Ao 13873 ui7] Alfte] SESFE H4Q oA
7F fd&a7] 274 div] 1839 MJ/kegol A 1324 MJ/kg® 28% 7+as %}Dﬁ Az &
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£ A% FolA= HAYE BT w7l FF A i) AzAIze] dojASy
2 Hla8 U7t @&l A div] 1287 MJ/kg® 30% #Asy A2 &
8 AtE FolAE AFS B EE, Fejy] Az Azo] A Az
T T4 A5 BoE 27HAZE 24 319 A2FAS A4 Hia dqy
A7t Ad&u)7] =A tiH] 1269 M]/kegE 31% d7Z4H 3, AF AL Holx =
4%E 59

3 Az aw AZFAE HA%7) A8 o] 01§39 Newton RUS
I Page R9& Addle] AYYFE BEHPod )z 48 ¥ $44
BN fAsFel ¥ Ygis 23E 9

AR AR EALS HPLC Wiz Faload gdegd ZA43551

Ao BHg %39 ASTA 2 AEz 4. d&5uy) Axs) vasied 2
FEAlo] Az A FALo)Al} ASTA #el ¥4 4H%en, =g 2
2ol 7F .

. A A FAE Aol Ax B dRgte] Ax Uid o | #AL
AEA SPSSE o438 one way ANOVA XS AA&ATt zhzhe] 4

M AR AEILF ME #EAH 2 o2 ZAIHASH BAH &

A& Holx YUt

(1) 133 wj7] AHE 187, 28, 20802 AA4F ARdoA uj7] Azte] oA
FE fArelA, 4= & F=7t & WL e

(2) wj7] A|ZHE 2082 @ A9 FHj7] ARFE 08 70EoE 2EE 4
oA Ful7] ANHE AA st Hol MEY X7t &A dExion, W
7] AZbE 222 ¥ AS Tl AIZRE 2283 0F o= god 43
A Faj7) AbE A sE Wo] FApelalF Mre] F27 wA JER
=

(3) Fuj7] A+E Ax F72 Z5E ZA AT 4PN Az 372 R
gFAA Fulr] NS o8 QAR AFANATF fAo)ALE FiEE
Age wyo

ole]l Ws] BA sz AFAW Az Y% F HAR WY& o] Fujy)
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AZHE 20~408 o2 AASH, AX T2 454E 133 Fuj7] Ak ZA
stz wj7] AZEE 139 17 YR sl &5EA0 ARYYe] £ A,
28 A 2 FE AR FFHNAN 48 Aoz vlw BAEHY.

7. 42 A FA7IAE BT G AFshe 7189 by Azx7)9 s HC A4
o]l ¥F¥E W FulZ]77F @38l 3HI Ade] AdE | FH7F dE =
Alzde AL3 Adxr2 438 st dz7 e 77 3218 ¢
3 23E HLSgn. 43 23 FvIALEE 489S B, #gd
UM AFEA o] F7tst AR E, AT LFARFE FolEUAT, 41
A, 229X, H28FH To| }adte] AZAZEE FoWAT, das
HelA frElst Az Wyez vephgth

8 71 A7 Ax7Y HA Ax FYFE 7Y Astd, FYFE ke,
426kg, 583kg, 785kg, 96.2kgoE st #EA Fu7] Nxdo] ALE A
zZ7)9 58 A9 Hoh 139 FYFo| BEFH dyA & o}
T Ak el e nFe E5E& "WAIF Rl 1F BUFE & A9
Ao 60~65kgs & o FrEo] 6% AT

©
‘-:oir

&4 FANANAES A4P AZVE ASH, AZTH W L= WHE
dete PPoz AZ 4P Atk ARV BER FEARNT W) L=
sg Fed, IAFFE B2y AARE LEA 5245 UAS
AR FAA fIsdon, 49 A= oy A=A s

F Zasdn 1F 1kg? Aol £85% AUAE 4FY & glow, A4
1Y ARGE F7H AL § Qe 49F3E dEER
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10. AZAZH A4S R A0F 23PAZFL #PATE g Fujr) A2
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12. F7H% 7AZR7]d9] AL AgoA 29 &5 ¥ AxF9 Afde A
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E Q7oA ALeE Aade 1% A% A9 Steaming HAL ¥
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APt 5o
A, AxAAJL JdE IV MR ARFAHDF nF9] sEE
F MESHES ste Aotk olF Ayl AsME wMeTE B dAF F=
=EE W MgTE 4o #x27F & 378 MEANA L, AR MsTE 22
7t 718 RYAA 44 Ut HA wEshs A4S
AzF71Y 25A & oldf gRAAE FAd dASRES =

qUAE AAE & Ye 2= FEE T AAT F A FA9 AL
HeH, 71 1F x7)d ¥ 2ESHT AW Mg Azl A
€% 5 7] diel FHEE W42 A9 Y wEM & A7 AgE Ve
& #BEEol A2 Alxdor BFE & Uk

2. A4 -394 59

7t. A% A

AFE FEE7) 8% o4 @& olr] WEY AEI dasH, 3 Ax
vl 42 ol 9] ¥ 649 Zo| HA AP F o A%E JHF L WFTE AAR(D
At} 10aE 71F22 ¢ 17]18S PFsE H719 A4 5160kgd] 3L5FF A2F-v
317] A3t 99 @ oo FAH| 7} AeHY, O F 7RE A% FEFTHY A}
AA Al F 40.7%F AX 55 Jol, FEFHHE BFFE A& vz 7 &5
o2 oA F YHFEIFA, 2008). wEtA] E AT AdE 7&S o
AS AFAZE 20% AR AL & £ dr] b, 10a FEA d7 76744
o] AAHE ARE F+ = a5 ok

F 64 313 A F7He] F9H 24 (4 1712/10a)

H| &4 T =) A ()
&4 FHAETY 5,160kg 18,030,068 ~
FdE Yy 3,836,554 767,311
2 9] F3HA 4,541,100 -
4 gl
dzg, g9 1,044,652 -
Al 9,422,306 767,311
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FEAYHEE LY A4S 159 AxEmr FUEH] AZXANE £Y
A7l Wy F7F A5 FUEHE EHAV QU

O ZAx tFEe &F U HHY AxFA ALz a3 Azx7|
A AqUXA 7 dzEE 297 Avh

O 339 Azl BEEHn #dd FEEIE AXHY] did AxFx £4
o] Fol 4FA0 FHdE A7 ATk

O A= of 7070 AEGA 7I&elAdY 7149 71«8 £HFA AT 71719 o
& 718 719q% 4 3o

O AR nFAZV|E HEo] olvd B TAE Axx W3] #id
old] thgt AR FE o] &3] B TAEY VERIME E8FoZH &
&3¢ Az AR Az, FFAo FUHEHE st Yk

O FTAE Az FHAF AF 8] tediH, FAEARY] AFY A=E
F83ETY F£Fo] FUHE ARV At

4 %E

fr

I8 &9

o)

. AqisE 58 HIaH
(29 : kg
A8 7%
g = 1A e | 2R E | SRR | 444 E |BAE R A
A AAET 300 1,760 4,400 17,600 | 35,200 59,260
ZAA A FEG 8 44 110 440 880 1,482
H7PH] = 20 (G 100 125 150 500
A 358 1,879 4,610 18,166 | 36,230 61,242

¥ AW AAED & AFHA ALIIee) AASE T AdHe AFY o
9 244 (A7 AR AT oS FNEAZY] BEF 3une 48)
¥ AAH AFEA B ATHA AL e AYRE FF BALFES, 1S
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Effects of Drying Methods Based on Exhaust Cycle and Time
on the Quality and Dryving of Red Peppers
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£ 1 Wi71F7)G NS HEA 7] fsta) w7 T Addeneg d
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Effects of Drving Methods Based on Exhaust Cycle and Time on the
Quality and Drving of Red Peppers

Sang Heon Nam', ¥o Skin Ha', Tae Wook Kim'

Deperoment of Hio-indusral Macimery Engmeerng. Knmgpook Macewal Cnverssy. Do Keres

‘Duperamunt uf Preccsion Mrckanice) Enginsering. Kungpook Natisrs! Univertite Sasgfe.

24 Baisad: Agetl 27 2004 Acoaptud: May 16* 2004

Purpose: Tha purpose of this smudy s w0 devalop 2 systes 1 epoms dryng pomssmal ssergy of the exhusted hoe wr by
rhanging relacne wmidiry of the s This smady madified the commenmanal drvng methad ints # dryng merhod changmg
asbuisas el and tima bt sedder 15 contre] the relieve busdry of the sxhautad hot s during dising process. Method: A
waive on the vent waz cootrolled according o & preset tine to change the exhaust e and nme. Thi smdy amalyved the
infhuencs ol the vorn e of drying ot ths divisg required anargy, and e

‘and new drying acd
swe. Rewbs Drying chararserine based on exhanst tme showsd that Sy Gme moraed with exhast e, e
apacifis snargy consempriss was reduced by 285 from 1839 M]/kg [eonvenmional muthod] s 13.34 Mk whan exhause
Time was 0 T oo munute. Deying characneriae based on haating tese showed that dryiug nee imereased with haaong
aime and speciic smergy comsumpaon was reshiced b 304 From 1839 Ml/kg [ronressional method] t= L2187 M Mg whes
abuas e wies 401 0 17 muinutas. Deving chararmuetstio bard oo exlisest cyels thowed that drying tm ineraased with
bt cycle, anst speafic energy conumption was redured by 3% from 18.99 MY/l (comventional methad] @ 1269
M1/g el i 1 0 s v s
drying. The qualiey of the dried red peppers showed that capsaicim color, and sugar content were high as 34.87 me/ 1005
A3, ard 11078, penpaceively, welmh webaiist e vea set 1 cow e s exhamst cycle v aet 1o 31 ey befors
dvying ased 40 minumes afer drying. Conchesons In order 1 usilize the drying potential energy of the exbausted ar during
dryng process. the monvemmonal dryng metned war mocified w20 the drang methad conomlling exhamr cpcle and nme.
The revults shawed thet drymg with wxhaust crcle o coe i e more fSicent i termn o Sremp e, e
anssgy. and qualey of ta d thin the b g, de of 20~ 40 minsoras.

Heywonts: Capsaicin Humidery, Page model Specific emergy
Introduction pplied hat air ine huueniciy & s
vuistire from peppers, and the humid 2 is exhausted
Mot air drying, which transfers thermal snergyto the  through fhe vent.

matertal 1o be dried by contacting the het air an the
imsterial s popuber for drytng red peppers. The supplied
hat e with low Bummidity mduces water rvaparation
\rough themmal transfer by contactng o the red peppes

T Wook Ke=
277, Far <82-54-530-1277

Loyt

The red pepper has bigh meisture content. bit the
anisture evaparates fast at the itial stage of the hot air
drying. Therefore. tighly rificient energy utilzanen i
passible becxuse the heated sir with bigh humdity o
exhaimted sutside a5 much 22 drying poterttal snergy
Howwver, the moisture cootent of the red papper i3
educed & Ap oo

does mot evaporate az mmeh as the doying potestial

004y The Ksrwen Sty Sor Agrruiturs Maskizery

oo e

Haers it nl. Effecss of

8]

that drying time increased with exhaust time. and
speafic energy consumpton was reduced by 28%
from 18.5% Ml kg {conventional method] to 15.24
MY iy vehen exhaist time wid 3o to one meanute:
(53] hovesd
that drying time increased with heating time and
speniiic emergy consumption waz reduced by 30%
from 18.55 M} /kg {convenhonal method) to 12.87
M7/l wham exchanst time was set to 12 minutes.

(%) Dry 2
that drying Hime icreased with exhzust sycle and
specific anergy congumption was reduced by 31%
from 18.39 M]/kg {convenhonal method]) to 12.69
M]/kg when exhaust time was set to ene mimute
and exhaust cpcle was zet to 23 yminstes before
drying and £0 mimutes after dryng.

(4) The guiality of the dried red peppers showsd that
capsakein, color, and sugsr combent were high
az34.87 mg/100g. 66.33 and 11879 respectively,
when exiaost time was set to one minate and

ated 4D mitsubes sfter dryang.

[5] A= 3 result. drying conditians with shart exhanst
time such s one minute and short exhaust oycle
{mot as long as 20 ~ 40 mimutes) were sificient in
termms of drying teme. requared energy and quality
£ the red peppers
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Thin layer drying of red pepper
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Absir act

The thin layer drying behuviour of red pepper shices 15 experimentally investngatad m a convective dryer and the mathematical
modelling by msing thin layer drying models in lterature is performed, Drying experiments were conducted st inlet tempera tures of
drying air of 35, 60 and 0 °C and at a drying air velocity of 1.5 mis. Eleven different thin layer mathematical drying models were
comparad according to ther coeffident of correlation o esomate dryving curves, The effects of d-ymg wir temperature on the model
constants and coefficients were predicted by regression models. According to the resulls, an approximation of the diffusion model
could satisfactorily deseribe the drying curve of red peppers with a correlation coeffident () of 0. 9987, The constants and coeffidents

of this model could be explained by the effect of dryimg air lemperature.

O X3 Elsevier Science Lid. All rights reserved.

Kepwordy: Dirying; Thin layer, Red pepper; Mathematical modelling

1. Introduction

Drying is defined as a process of moisture removal due
to simultaneous heat and mass transfer (Gogas, 1994), It
is also one of the conservation methods of agricultural
products. which is most often used and is the most
energy-intensive process in industry (Dincer, 1998),
Maoreover, drying is one of the oldest methods of food
preservation and is a difficult food processing operation
mainly because of undesirable changes in the quality of
the dred product. Longer shelf-life, product diversity
and substantial volume reduction are the reasons for
popularity of dried fruits and vegetables, and this could
be expanded further with improvements in product
quality and process applications. These improvements
could increase the current degree of acceptance of de-
hydrated foods in the market (Maskan, 2001),

Cost-effective and hygienic ways of preserving foods
are of great importance given the prevailing insecurity in
food supplies throug hout the world. The introduction of
dryers in developing countries can reduce crop losses
amnd improve the gquality of the dried product signifi-
cantly when compared to the traditional methods of

" Corresponding suthor, Tel: + 00424 23700005 343, Faoe: +00-434-
M1-33506.

Eomeld addresser eakpimargfiratedu o (E XK. Akpinar), yhicern@
firat edwir| Y. Bicer), evildizmfimteduir (C. Yildiz),

drying such as sun or shade drying. Therefore, simula-
tion models are needed for the design and operation of
dryers. Several researchers have developed simulation
models for natural and forced convection drying systems
{Diamante & Munro, 1993; Ratti & Mujumdar, 1997).
The study of drying behaviour of different materials
has been subject of interest for various imvestigators on
both theoretical and application grounds during the past
60 vears. Recently, there have been many studies on the
drying behaviour of various vegetables and fruits such
as mushroom and pollzn (Midilli, Olgun, & Ayhan,
19949), potato (Diamante & Munro, 1991; Gogus, 1994),
onion (Sarsavadia, Sawhney, Pangavhane, & Singh,
1999), green pepper, green bean and pumpkin (Yaldz &
Ertekin, 2001}, grape (Dincer, 1996; Yaldz, Erekin, &
Uzun, 2001), pistachio (Midilli, 2001) and red pepper
{Passamai & Saravia, 1997a.b; Kaymak-Ertekin, 2002).
In this study, the thin layer drying behaviour of red
pepper slices in a convective type drver has been inves-
tigated and mathematicil modelling by wsing thin layer
drying models from the literature has been performed.

1. Experimental set-up and procedure
21 Experimental set-up

Fig. 1 shows a schematic diagram of a dryer used for
experimental work. It consists of a fan, heaters, drying

(260-8 TTAMASS - sec Front mater © 2003 Elsevier Science Ltd. All rights reserved.
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Absiract

I'his work presents & theoretical and experimental study of the crying kinetics of red peppers under different pretreatment and air
drying conditions. Red peppers, Capsicum anmmm, grown in the region of Kahramunmaras, Turkey, were pretreated with various
solutions of alkaline emulsion of ethyl cleate (AEEQ) and dried afleraurds. To date, thers has been no work that studied the effect
of AEEQ pretreatment selution on the drying of red peppers. Our results indicated that pretreated peppers dried faster and had
higher Hunter L (ighiness), +a (redness) and +-b (yellowness) values than the untreated and dried peppers, 2% ethyl oleate and 5%
K 00 solution was found to be the most effective dipping soluton that provided for whole peppers dried at 50 °C, and yielded best
color quality, Drying curves of sliced peppers wers oblainad using the Page and exponential equations, Comparing the r~* values of
both equations, it was concluded that the Page equation represents drying characterstics better than the exponential equation.

© 2002 Elsevier Scienae Lid, All rights reserved.

Keywonds: Drying, Red pepper Pretreatment solution; Modelling

L. Iniroduction

Pepper, specifically Capsicum anmeasm, is a general
name for plants coming from Capsicum species of So-
lanacese family. whose products are used as vegetables
and spices (Luning, Yuksel, Vuurst-de-Vries, & Roozen,
1995). Pepper s a pood source of vitamins A and
C, which are important antioxidants (Howard, Smith,
Wagner, Villalon, & Burns, 1994; Lee, Howard, &
Villalon, 1995). It is eaten as a raw and cooked vegetable
and also used commonly in making paste, pickle, and
sauce. Red ground pepper made by drying and pulver-
izing the hot red pepper is used as a spice and flavor
ingredient in the food industry (Isidoro, Cotter, Fer-
nandez, & Southward, 1993). Also, Bosland (1994) re-
ported is wide range of medical applications, from
increasing appetite, relieving pain associated with ar-
thritis, to diuretic eflect.

Red pepper is ong of the main agricultural products
in Turkey. Pepper growing for the purpose of drying
is common in the Kahramanmaras region of Turkey
(Abak & Pakvurek, 1993). Drying of red pepper all over
the world is carried out by either sunlight or dryers using

" Corresponding author. Tel! +90-212-449-1 7-18; fax: +90-212-449-
1895,
Emmadl aalilress doymaz@yildicedwtr (L Doymaz),

solar collectors (Amgunduz & Karapulle, 1977; Trim &
Ko, 1982; Tins, Ozbalta, Tiris, & Dincer, 1994; Ayensu,
1997). Traditionally, in Turkey, peppers are dried in the
open air and exposed to sunlight, which usually takes 8-
10 days. This practice is a common method, vet it has
several drawbacks such as time consuming, prone to
contamination with dust, soil, sand particles and msects,
and being weather dependent (Tuncer, 1993 Oztekin,
Bascetincelik, & Soysal, 1999), Therefore, using hot-air
dryers, which are far more mpid, providing uniformity
and hygiene are inevitable for industral food drying
processes (Minguez-Mosquera, Jaren-Galan, & Garr-
ido-Femandez, 1994; Chung, Shin, & Choi, 1992). Some
experimental studies on pepper drying were reported in
the literature. Kim, Rhee, and Shin (1982) reported the
color of red pepper changed considerably during drying.
Hot-air drying produced red pepper with a blackish red
color compared to be sun dryving method. Sigge, Hans-
mann, and Joubert (1998) smudied green bell pepper
dices dried at different temperatures and relative hu-
midities. Drying rates increased with increasing tem-
peratures and decreasing relative humidity.

Dipping waxed fruits for a few seconds in a cold
aqueous emulsion of ethyl oleate or suitable compound
(usually fatty acid derivatives used as welting agents
and emulsifiers) greatly reduces drving time (Ponting &
McBean, 1970; Guadagni & Safford, 1979; Suarez,

MEH-ETTAMLE - see fronn mater € 2002 Hsevier Science Lid, All rights waerved,
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Effect of air-drying temperature on physico-chemical properties, antioxidant
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Red pepper has been recognised a5 an excellent source of anticeddants, being rich in ascorbic acid and
other phytachemicals. Drying conditions, particulardy temperature, leads to pepper modifications thar
can cause quality degradation. In this work the effects of process temperatures between 50 and 90 5C
on physice-chemical propermies, reliydration, colour, texture, vtamin C antioddant capacity and rotal
phenolics during the drying of red pepper were studied. The rehydration ratio decreased with tempera-
ture and the madimem water holding capacity was achieved at 50 %C, Both vitamin C content and the

& ":rd"' ttal phenolic content decreased as air-drying temperature decreased. The rad cal scavenging activity
Fdﬂ'iﬂs showed higher antlestidant acdvity at high temperatnes ({e 80 and 90 °C) rather than at low tempera-
Antiatibmt proprtics tures {Le 50, 60 and 70 °C). Chromatie parametars (1%, a*, b, O and H° |, ndo-enz ymatic browning com-

pounds and exiractable colowr were affected by drying temperature, which conitributed to the

Total phenalic conbent
disclouring of pepper during this proces.

Radical savenging activity

Vitamin C & 2000 Elsevier Lid All rights reserved.

1. Introdudion

The pepper {(Copsicum gnmuum, L), indigenous to South and
Central America, has been introduced worldwide. In partioalar,
red pepper var. Hungarian, also known as Sweet Banana, is a very
important product in the manufachire of paprika in different re-
gions of the word. This pepper is highly appredated for its flavour
and colour, being the latter the main quality attribute that deter-
mines its overall quality and consequently its final market price
(Krajayklang. Klieber, & Dry, 2000]. Carotenoids are responsible
for the colour of pepper and their contents are related to variety,
ripeness and technological factors {Deepa, Kaura, George, Singh,
& Kapoaor, 2007; Gnayfeed, Daood, Biacs, & Alcaraz, 2001). Carote-
noids are natural pigments responsible for the diverse oolours in
fruits and wvegetables and are abundant in peppers. The main pig-
ments in peppers are f-arotene, lotein and c@psanthin and they
am predominantly provitamin A (Howard, 2001; Rodriguez-
Amaya, Kimura, Godoy, & Amaya-Farfan, 2008; Topuz & Ozdemir,
2007). Furthermaore, red pepper is an excellent source of vitamin
C {Guil-Guerrero, Martinez-Guirado, Rebolloso-Foentes, & Carri-

* Comespanding awthor. Tel: +56 51 20430 5; fax: +5651 2M46
E-mail addrecers: svepzpduserenac] avegzpl@emailom (A Vega-Lilvez).

30881468 = se= front mabter & A0S Bsevier Lid_ All rghts reserved.
o 11 01016/} food chem 2009 04 066

que-Pémz, 2006; Topuz & Ozdemir, 2007 and polyphenols, partic-
ularly flavonoids, quercetin and luteolin (Chuah o al, 2008;
Materska & Perucka, 20051 The antimddant activity of phenolics
is mainly due to their redox properties which allow them to act
as redudng agents, hydrogen donors, single oxygen guenchers
and metal chelators (Deepa et al., 2007) Thus, all the mentioned
compounds show antimddant activity as potential action against
certain @ncers, stimulate the immune system, prevent cardiovas-
cular diseases and delay the aging process, amongst other biologi-
cal activities (Chuah et al, 2008; Podsedek. 2007 L

Dehydration is one of the most widely used methods for froits
and vegetables preservation Its main objective is the removal of
water to the level at which microbial spoilage and deterioration
reactions are minimised. However, it is well known that during
hot-air drying, vegetables undergo physical, strucdural, chemical
and mutritional changes that can affect quality attributes like tex-
ture, colour, flavour, and nutritional value (0N S@la & Capiste,
2008).

Amongst others, the acceptability of dred products depends
mainly on their structural pmoperties, like texure, which is one
of the attributes used by oonsumers in judging their guality.
Destruction of the cellular system is one of the most important
physical and structural changes that ocour dunng drying { Crapiste,
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Abstract

A mathematical model is proposed to stmulate the process of drving of individual pieses of red pepper under constant external
wonditions and to predict changes in some nutrtions and organokptic attnbutes of the product. The model was solved numerically o
obtun mosture content and temperature as well as ascorbic acid snd @rotenoids concentration m the product as a function of fme.
A good agresment between predictions and experimental data st different dryving temperatures was obtamed.

Water sorption isotherms of red pepper were determined in the range 20-50"C and represented by two different sorption equations.
Dirving kinetics were represented by a diffusive model, the effective mosture diffusivity ranging from 5.010 o 832 % 107"’ /s with an
activation energy of 23 35 kl/mol. Degradation kinetics for ascorbic acid and total caroienoids were measured in the range 50-70 °C and
modelled as firsi-order reactions. The rate constants increased with temperature and product moisiure conlent. Average activation

energies for carotenoids snd vitamin C degradation were 50.1 and 26 9 k)/mol, respeciively.

it W07 Swiss Society of Food Scence and Technology. Published by Elsevier L. All nghts reserved.

Keywordy: Drying; Sorption gotherm; Aseorbic acid, Camitenoids; Red pepper

1. Introdoction

The increasing demand for high-guality shelf-stable
dried vegetables requires the design, simulation and further
optimization of the drying process with the purpose of
accomplishing not only the efficiency of the process but
also the final quality of the dry product. During drying,
vegetahles undergo physical, structural, chemical, organo-
leptic and nutritional changes that cause quality degrada-
tion (Crapiste, 2000).

Red pepper ( Capsicum amrnacm L.), as other vegetables, is
a good source of antioxidant substances such as carotenoids
(provitamin A) and vitamin C, which confer protection
against carcinogenic components and delay the aging

*Corresponding author. Grupo de Iowestigacidn en Ingemeria en
Alimentod, Faoultad de Ingenieris, Univesidad Macional de Mar del
Plata Tuan B, Fusto 4300, Mar del Plata 7604, Argentina.

Tel: + 54 7348 16600,
Emad adiresy kdiscalaifi mdp adwar (K. D Scala).

process (Howard, Smith, Wagner, Villalon, & Burns, 1994;
Simonne. Simonne, Eitenmiller, Mills, & Green, 1997).
Dried red pepper or paprika is one of the most important
vegetable spices, its quality being determined mainly by
colowr (Minguez-Mosquera, Jarén Galan, & Garrido-
Fermindez, 1992, Magle, Villalon, & Burns, 1979). Carote-
noids are responsible for the colour (Davies, Matthews, &
Kirk, 1970; Minguez-Mosguera & Hornero-Méndez, 1993;
Reeves, 1987) and their contents are related to vanetal and
technological factors (Biacs, Czinkotai, & Hoschke, 1992;
Carbonell, Pinaga, Yusi, & Pena, 1986, Minguez-Mos-
querd, Pérez-Galwerz, & Garrdo-Fernandez, 2000).

Some previous research has been presented in the
literature on the dehvdration of red pepper. Turhan,
Turhan, and Sahbaz (1997), Ramesh, Wolf, Tevini, and
Jung (2001} and Doymaz and Pala (2002) studied the
drving kinetics of red pepper under different pretreat-
ments and drying conditions. Other authors reported
the influence of drving on various quality parameters
such as carotencids and non-enzymatic browning (Lee &

023643833400 o5 2007 Swizz Socety of Food Science and Teclnology, Published by Elsevier Ltd. All rights mserved.
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ARTICLEINFO
In this research, effectiveness of vanous microwave—convective drying reabments were

comnpared to corvective air drying and commercial bet drying to establish the most
favenrable drying condition in terms of drying knetics and dried product guaelity. Quality
parameters were colowr (L°, o*, b* coondinates), textural characterstics (hardness), and
sensory properties (visual appeamnce, colour, texture and owerall acceptance). The
rrcrowave drying reatments were done both in the intermittent and continuous modes at
twao different miemwave output powers (597 20 and 69787 W) using two identical micre-
wave-corvective dryers.

verall, the continuous microwave—convective diving had the lowest drying time among
the drying weatments, but it resulted in poor guality produet while intermirtent rdera-
wave—corective drying gave good product quality comparable ta convective airdrying and
commercial belt drying. The intermittent misrowave-convective drying conducted af lower
drying air temperature and microwave power level with relatively long power-off time
resulted in & more stable and gentle drying process concerning dried product quality. Based
an the results of this study, the intermittent micmwave—snmective drying at 35°C with

Artide history:

Received 35 April 2008
Received in revised formm
27 April 2009

Accepted 12 May 2009
Published online 3 July 2009

a puke mtio of 30 at BTI0W provided considerable savings in drying time when
cornpared to convective air dryingand should be the preferred method of drying 1o produce
high quality product with beter phy=ical fcolour and texture) and sensory aroributes,

o 2009 1AmE. Published by Elevier Lid. All rights ressrved.

1. Introducton quelity characteristics of the dried red pepper are the colour
and pungency on which drying process has a major impact
(Kim et al,, 2003} The red colour of pepper is mainly due to

carotenoids (capsantin, capsorubin, and xanthophyllys) and

Ripe fruit of the spedes in the genus Capsicum is consumed
fresh or used for production of spice and oleoresin. The main

types of spices that are derived from hot, red-coloured chilli
fruitor from mild, red-coloured red pepper fruit are kmown &3
chilli, paprika spice or paprika flakes The most important

* Comespanding authar.
E-mail address: yurtsever soysal@pmail com Y. Soyad).

the pungency of pepper is due to the capssicinoids (litah etal,
1993 Mingues-Mosquera & Hormnem-Mendez, 1994). Tradi-
tionally red pepper is sun-dried where quality of the product

1537-5110¢% — see front matter & 2009 1AmE. Published by Hsewvier Ltd. All rights reserved.
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*nstiiuio Tecnaldgico Agrogimentano, Apoo 217, E-05071 Badgoz, Span

Abstrace Shredded and whole med pepper samples were dehydrated in a lsboratory doer with a
through-flow adr velocity of 0. 5ms ™" at 50, 55, 60 and 70 'C. Shredded peppers dried fister than whaole
peppers. The dryving behviour of whaole samples was choracterised by a constant- and a falling-rate
drying period, whilst that of shredded samples wias chametersed by a falling-raw drying period only.
The mass transfer coefficient for whole samples during the constant-rate period was computed
experimentally. The effect of wmpermture on the mass ransfer coeWicient was described by the
Arrhenius model. The actvation energy was 58k]msol ™. In the falling-rate period the mass wransfer
wiss deseribed by a difusionsl model, and the effecrive diffusion coefficient at each temperature was
determined. Diffusion coefficien ts were estimated to He between 438 < 107" and 10,99 < 107 " m*s™" for
whale peppers and between 37.23 107" and 99,61 <107 " m’ s~ for shredded peppers. The effect of
temperature on the effiec tve diffusion coefficient was described by the Arrhenius equation, with an

actvation energy of Mk]mol ™" for whole peppers and 56 k] mol ™" for shredded peppers.

i 2043 Society of Chemdeal Industry

Keywords: red peppers; drying; mass mansfer; diffusion

INTRODUCTION

Paprika is a spice appreciated for s flavour and
colour. Ie colour, which basically depends on the
carotenoid content of the fruit, is the main amribure
which determines the guality and price of paprika.
Since final water activity and processing ime depend
on the manufacturng procedure used, T & clear thar
the drying system, induding its preprocessing steps,
will have an influence on pigment srabiliry,

The need for reproducibility of qualigy-contralled
producs gives rise to the need for resulr predicrabilicy
and thus for modelling of the process involved.* When
developing a drying model, the conmolling resietance
must first be specified,®

The airdrying process may be divided imo owo
main stages: ane in which drying proceeds as if the
syatem was pure water being evaporated (consmant—rare
perind) and one with internal contml (falling-rate
period).* In the consmni-mte period the resistance
heat and mass rransfer is locared in the gas phase. Az a
consequence, the rate of water flow does not change
with tme. The ecernal resismnce & direaly related
the air vdocity through the mass mansfer cocfficient
berween air and salid. This coefficient can be obmined
from several correladons. The end of this constant-
rate period occurs at & cridcal moismre content.
Turhan ¢ ai® observed a constant drying period in
the drying of blanched red peppers. Thie was

arributed o the damage w the cell wall membrane
due to heat mearment increasing the amount of free
maisture t© be removed at the beginning of the
process,

In the fallingrare period, when the internal mass
wansfer resistance conmok the prooess, drying model-
ling is usually carried out based on the verms of Fick's
law combined with the microscopic mass halance. In
this case it is assumed thar, dthoogh different mech-
anisms can coexist, the diffusive one p-l.'-L‘d.Cl!.TLi.I:IB.‘[ﬁ.ﬁ

There have been many smdies on the influence of
storage conditions on the colour and other gualiry
parameters of papnka * Some studies on the model-
ling of pepper drying kinedcs and the influence of
drying conditions on quality characteristics have also
been published. Both empirical™ and diffusional’*"!
models have been proposed. However, in those
smudies, dehydmrion of the whole product was not
oonsidered, even though it is practised in many
processes,

The pmducton of red peppers for obraining paprika
& of grear economic impormnce in the La Vera area
(Caoeres, Spain), which has recontly been awarded a
quality label "Pimenton of La Wera® (La Vera Paprika).
In this area the dehydradon of whole peppers i= carried
out in dries with verdcal flow, using oak or lex wood
for combustion. In thi traditional dder, nemher air
wlocty nor air wemperamre oontml]  exists, The

* Comespongance io: A Muls, Depariment of Food Technology, Urivarsidad Poitacnica oa Vaiancia, Cami de Vera am, E-48071 Vaencla,

Spain
E-malt: armukat @ tal upy.as
{Aecaved 24 Apri 2002 accepted 19 November 2003
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ABSTRACT

Desorprion isotherms of unblanched and blanched red peppers were
experimentally obtained at 30C. The desorption data were exploited to estimate
equilibrium moisture contents of the peppers ar drying remperatures other than
30C by using a semi-empirical method. Red pepper samples were dried in a
tunnel-type drier with an air velocity of 2 m/s at 50C, 60C, 70C, and 80C. The
blanched samples dried faster than the unblanched ones. The drying behavior of
unblanched and blanched samples was characierized by falling rate period, and
constant and falling rate drying periods, respectively. The interphase mass and
heat transfer coefficients of the blanched sample during the constant rate period
were not affected by temperature and estimated to be 1.94*10° kg mol/s.m’ and
57.3 Wim".K, respectively. Effective moisture diffusiviry was estimated between
6.83*107°-17.4*10°"° m’/s for the unblanched sample and 11.4*10'°-31.0%10"°
m’/s for the blanched sample within the given temperaiure range. Effect of
temperature on the diffusivity was described by an Arrhenius-type equation with
an activarion energy of 28.4 kJ/mol for the unblanched pepper and 33.3 kJ/mol
for the blanched pepper.

! Correspondence to; Dr. Mahir Turhan, P.K. 11, Bahcelievier, Mersin, Turkey, Tel: (0 324} 358
71 16/ 255, Fax: (0 324) 359 08 64, c-mail: mrhan@eti.cc.hun.edu.tr, mumf-e@servis.net.tr
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Abstract

The drying kinefics of the red bell pepper (var. Lamuyo) was studied und modeled at different temperatures (50, 60, 70 and 80 *C),
using an wir velocity of 2.5m 5", Only the falling rate period could be observed during the experiment, Effective moisture diffusivity was
estimuted to be between 3.2 W0 and 11.2 % 107" m®s™ " within the temperature range studied. The effect of temperature on the diffu-
sivity was described by the Arrhenius equation with an activation energy (£,) of 39.70 kJ mol !, The Newton, Henderson—Pabis, Page
mnd Page modified models were applied to the experimentally obtained motsture data. The fit quality of the models was evaluated usig
the correlation coefficient, sum square error, root mean square error, and Chi-square. Comparisons of the experimental values with the

calcubied values demonstrated that the Page modified model produced the best fit for every drving curve, representing an excellent tool

for estimation of the dryving tme.
2 2006 Elsewier Lid. All nights reserved.

Kepwords: Rod bell pepper; Dirying; Diffusivity; Fiek; Modeling, A rbenins Fape modified

L. Introduction

Dehydration 1s an important preservation process which
reduces water activity through the decrease of water con-
tent, avoiding potential detenoration and contamination
during long storage periods. Ao, food quality of is pre-
served, the hvgienic conditions are improved. and product
loss is diminished (Kayvmak-Ertekin, 2002). For these rea-
sons, several methods or combinations of dehydration
methods can be used, including solar drying, hot-air, frezze
drying, osmotic dehvdration, spray drying, impregnation
vacuum, ete. Other impaortant objectives of food dehvdra-
tion are weight and volume reduction, intended to decrease
mansportation and storage costs (Okos, Narasimhan,
Singh, & Witnauer, 1992),

The red bell pepper (var. Lamuyo) is one of the main
apricultural products of the regions of Almeria, Murcia,

" Corresponding author, Tel.: +5605 1 204305, fax; +56051 X446,
E-mindl anddress: ave apiiusennac] (A Vega)

O260-8 7748 - see front matter © 2006 Elsevier Ltd. AT rights reserved,
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and Alicante (Spain) that can successfully undergo dehy-
dration processes by means of hot-air drying, due mainly
o a reasonable resistance to heat vanatons, withina given
range of temperatures. Thus, red bell pepper keeps its sweet
flavor and brilliant red color, with the latter feature recog-
nized as a significant quality indicator (Vega, 2003). In
addition, red bell pepper can be regularly consumed as a
raw and cooked vegetable in pastes, pickles and sauces,
as well as dried powder. hot spice, or as a condiment
(Doymaz & Pala, 2002).

Several factors can influence hot-air drving of food, for
example: velocity and temperature of air, water diffusion
through material, load density, thickness and shape of
the product to be dried. However, the sudden removal of
water decreases the nutritional and sensorial value of food
( Lenart, 1996), and allows the presence of phenomena such
as hardening and shrinkage.

Several mathematical models may be used to describe
the drying process and help in its optimization, and assist
in the effective design of drvers (Kiranoudis, Maroulis, &

191 -
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