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Development of a General Drying Model of Red Pepper
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Summary

Drying process of red pepper is very important in terms of drying cost and quality of the end product.
Recently, many studies on red pepper drying have been performed.

Nevertheless, an optimum drying condition is not established yet. Drying characteristics of red pep-
per is much affected by drying factors such as variety and initial state of red pepper as well as by envi-
ronmental drying factors such as temperature and relative humidity of drying air. Various varieties of
red pepper are being cultivated and the initial state of red pepper at harvest is very ambiguous.

For this reason, it is very costly and time-consuming to establish an optimum drying condition of red
pepper by experiment. A general drying model to descirbe a drying process has not been developed
due to diversity of drying characteristics of red pepper.

This study was, therefore, performed to develop a general drying model describing a drying process
of red pepper. The results from this study are summarized as follows.

1. A basic mode] was established to develop an appropriate mositure content model and temperature
model describing a drying process of red pepper, and the basic model was validated with experimen-
tal data.

2. The bone dry weight of fruit and mositure content were accepted satisfactorily as parameter to de-
fine the arbitrary red pepper.

3. The equilibrium moisture content of red pepper was found out to be different according to the va-
riety of red pepper, air temperature and relative humidity. Also, the EMC model was developed
using the parameters of air temperature, relative humidity and bone dry weight of fruit.

4. A general drying model for red pepper was developed, parameters of which were expressed as the
function of drying factors related with drying phenomena. The developed drying model was found

out to describe well the drying process of red pepper.
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Table 1. Specification of drying equipments

Item Specification

Air Dry bulb temperature
conditioner : room temp. to 95C
Dew point temperature
* room temp. to 95C

Sensitivity- . 0.4%

Experimen- | Dimension of chamber

tal dryer 400X 400X 600mm
Subsidiary heater . 600W
Sensitivity of controller : 0.3%
Motor . DC 100W

Fan : Centrifugal type ’
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1. Air conditioner 6. Load cell

2. Blowing system 7. Temperature sensors
3. Subsidiary heater and controller 8. Filter and amp.

4. Drying chamber 9. Data acquisition system
5. Tray

Fig. 1. Schematic diagram of experimental

apparatus for the drying test
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Table 2. Equations for calibration of temperature
Channe] Equation for calibration R*?
1 T=-0.6414+0.02489 D | 0.9998
2 T=-0.6155+0.02554 D 0.9999
3 T=-1.4565+0.02560 D 0.9999
4 T==-0.4855+0.02565 D 0.9997
5 T=-1.0951+0.02530 D | 0.9996
6 T=-1.7088+0.02535 D 0.9995

Notes) T : temperature(T)
D © digital value

Table 3. Specification of equimpments for measuring weight and temperature

Item Specification
WEIGHING SYSTEM
Load cell Rated output : 9.2825mV/10V
Resolution : 1/5000
Max. loading . 2.5kg
Filter & amp. Made by Hando Eng.(Korea)

A/D converter

Personal computer
Accuracy for weighing
TEMPERATURE MEASUREMENT SYSTEM

Sensor

R/V converter

No of channels

Personal computer
Range of measurement

Accuracy for measurement

Conversion time : 25us
Resolution : 12bits

No of channels . 8chs

NEC PC-8001 MK II (Japan)
O.Ig

Pt 1002
Prove type : d=3mm
Plate type : 3.5X4.5mm
Made by Hando Eng.(Korea)
Prove type : 4chs
Plate type : 2chs
NEC PC-8001 MK II (Japan)
30 to 95T
0.1¢C
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Table 4. Drying conditions for the drying

experiment

No of tests| Temperature(C)

Felative humidity (%)

24 50~80 20~80
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Table 5. Air conditions for the measurement of

the equilibrium moisture content

Temperature(C)

Relative humidity(%)

50~80

20~85
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Table 6. Biot numbers during heating of red

pepper
te Ta Tw To Bi
8 294 270 26.8 0.02
74 53.0 36.6 288 0.12
140 62.7 46.7 424 0.07
206 65.5 524 481 0.08

Notes) te . Elapsed time(sec)

Ta : Air temperature(C)

Tw -

To:

()

()

Surface temperature of red pepper

Center temperature of red pepper
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Table 7. Ratio of the weight of each part to the weight of the whole red pepper
Variety (‘%a(r:b) :;rv(t)@% Pericarp & placenta Seed Stem
Mean(%) SD Mean(%) SD Mean(%) SD
Jugtoma | 82.8 12,6 81.0 2.8 12.3 2.7 6.7 15
20.3 2.3 64.1 5.9 29.1 6.0 6.8 10
Dabog 80.3 7.5 845 4.0 10.0 .35 5.5 0.8
17.8 2.1 67.1 29 275 28 5.4 1.3
Jinsol 80.6 9.3 80.2 1.8 14.6 16 52 0.6
19.7 21 59.0 5.0 36.4 45 4.6 14

Table 8. Moisture content and ratio of the

moisture weight in each part of the

red pepper
Section MC(% wb) Ratio
Whole 83.0 -
Pericarp 86.9 0.82
Seed & placenta 67.0 0.18
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Table 9. Correlation between the initial thickness of pericarp and other physical properties of red

pepper by variety

Correlation with pericarp tﬁickness
Physical property - - -
Variety 1 Variety 2 Variety 3 Total
wt, 0.74183 0.53168 0.60726 0.69833
Wty 0.74762 0.42544 0.28429 0.50701
Ap 0.63841 0.36251 0.14365 047778
\% 0.69042 048112 0.24555 0.56914
p -0.00197 0.27453 0.55317 0.29743
mc -0.16872 0.36070 0.59708 0.49693
MC -0.19151 0.31976 0.57479 0.47150
wto/ Wty -0.19180 0.31841 0.57481 0.47113
wt./Ap 0.53341 0.44364 0.63007 0.57479
wis/A, 0.45656 0.21445 0.19894 0.15398
wt,— Wty 0.72397 0.53861 0.65441 0.71670
Notes) wt . weight subscript o . initial
Al area b : bone dry
V . volume p - projected

p . density
mc, MC : moisture content(wet basis and dry basis, respectively)

Table 10. Bone dry weight of red pepper fruit

Variety Harvest year Location Bone dry weight(g)
Jugtoma 1989 'Suweon 1.86
Dabog 1989 Suweon 171
Jinsol 1989 Suweon 1.65
Dabog 1990 Eumseong 2.58
Geumtap 1990 Eumseong 3.34
Anjeonghengee 1990 Eumseong 3.70
Hongil 1990 Eumseong 1.21
Jugtoma 1990 Eumseong 2.86
Jugtoma 1990 Suweon 2.35
Hongil 1990 Seweon 1.20
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Fig. 2. Distribution of experimental equilib-
rium moisture contents depending on
air condition and bone dry weight of
fruit
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(R¥=0.9717, Root MSE =0.007999)
A= —0.059590
C=0.17711—0.000015051 T?~0.039181/m,
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T #71&x ()
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Bone dry weight=2.5(g)
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0024
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Relative humidity(dec.)

Fig. 4. Estimated equilibrium moisture
contents with respect to relative
humidity and temperature when bone

dry weight of fruit is 2.5g
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Fig. 5. Drying rate with respect to free
moisture content during heated-air
drying at 50T
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Table 11. Regression analysis for models to estimate pericarp thickness

Model Adjusted R-square Root MSE Cp
f(My,, myXM,,) 0.9150 0.016641 27.0
f(M,, 1/my) 0.8506 0.018828 36.1
f(Mp, M2 myXM,,) 0.9182 0.016083 16.3
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Fig. 9. The estimated thickness of pericarp
with respect to moisture content for
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Table 12. Coefficients in equations {16)
Tm(T) RH(%) A B
27 0.00023891 0.57143
50.8 40 0.00016484 0.75869
55 0.00013214 0.65161
30 0.00033481 0.80724
40 0.00029552 0.70399
605 55 0.00025819 0.76402
68 0.00021505 0.73830
24 0.00046373 0.89152
40 0.00049059 0.80418
700 55 0.00041368 0.84421 -
67 0.00033328 0.74010
25 0.00067100 0.86668
797 38 0.00059242 0.89150
54 0.00054040 0.84976
70 0.00035009 0.89308
(16 418 o] g3to] Zhzhe] Az ZAF A 4
. Tm=60.3 C, RH=0.546
£ 8 BEUKS HEERES T8 B2 5
Ast BE 78 Zde # 129 Lok 3 12004 351
R vheh 2ol A9 e 1R 7 EE 7
A F71S) FulgEel vk QG FTE 1 '6‘
B ok &, UG et FHESE A @ -651
& Folle Ao YEET, A4 AFE ] *
7F 100%Y W AzPGL BAEA] gonz 5 A
AzEYe| N F5g0] obre ErslHE A g9 '
o] 2 0°] sojof g}, -8
% Be ARE RAHARE W GEH T e
L WAE 4 F AT ,/{
o]
De:A Mmb .................................... (l’l’} 9.5*
A=0.000041492(1—RH) exp(0.0405465T,,) 10 N —
................................. 11-1 04 0 o 0 12 16
B=0.295258+0.00738769 Ty - 171-2)

& 714 D, | BEOK S S FRE(cm¥/hr)
m : _‘1_'—-';?:9’] @"’T\‘%(dec. db)
w239 £%2(T)

H: 3719 ddiF=(dec)

o=

— estimated * actual

Fig. 10. Examples of actual and estimated

effective diffusion coefficients




SR RRE @EE 5 16 % % 158 10014 38

b, F 9 HHKOIEREEE 99 2
207 Ao o3 HA 2HE 5 Uk 29 10
BEKGEEGRE] AAX 9 2928 v ws)
7) 913 JEbd ojolth 13 109 B9, AAX
o} FAR) Abele] AAAFE 08998 2 UERRE
o 3HA, 4 AEREAEE A2 HEOK Sk
B A} FHAE vnd FR22E
Folzl 2AAGEY HTA & 091099 T}

of, ‘BE R4 R B¥

A71Me AxHFA 139 &5 WHEE g
Atz o5 mEa) gd
o] BAE Pl nE¥gstnx} 3G}

o)

dutHo 2 4y 9@ AFL 24 L A
A FU $2ALE A K04 A Ho)
S CEPC T R o
58] o)Fo] AR F2F0Z M3 o
ol Az T AB KEFES A9 WA
@3 759 FA7L A gobAE Ao 2 sho}

75

70

651

601

554

504
._5, 454
3
&
© 40
£
3
& 354

304

25

20 T T T T T T

0 0.5 1 15 é 25 3 3{5 4 4.5
Bone dry weight(g)

Fig. 11. Surface area with respect to bone dry
weight of fruit

"

o 52

2

Jr:iﬂﬂﬂ»‘,i
1o
_)li_l‘

2}

Fie

_E,
Lo?i

SORE LTS

R

3F
°

ko o

J&‘, ) fr

il
3]

o

o= ]
A

ﬂmlo?ﬂ
N

off A

Zal
_7__
]2 o]

EEHE 308

Al

2}
9 2]

i
D{N
oﬂJ
:4_

)

o 2 e 1t (Mohse-
nin, 1986). L5 H-$- KmEE T EZ%EJ?‘E
Atelefj Al 19 1101] A BE vhe} o] {93
HAAZE HAH A

B AFdME ghERC 18 XEHS §
A% R¥oz Jdehlual 288 1243 23}
Ao g2 FAI3te] SAS/STATS GLM procedure
of olal £ME R, A Skl e REHES

1942 2e 2oz el 4 A

A =3.74+23.62m,— 1.76m,"  ceereeeeeee 19
(R*=0.8510, Root MSE=4.88)

A7IA A, D 252 (@i FEE(cm?)
m, - 252 @i wHEE (9

2) 3o th#t

4

TAE B A Fe HBL g B ol
g} 78 Aol whebr gekx|=d), Zzhe) 1A
Mg FolUThu Hme Solal 249 4+
312 ™ (Heldman and Singh, 1981 ; Hallstrom
etal, 1988), 2f 720 A£ 2l v o] 2 ujg e
O e 19 e g FaRi

C=1424 X.+ 1549 X,+1.675X,+0.837X,
+ 4. 187 Xm .................................. (] 9)
(from Heldman and Singh, 1981)

714 ¢ el b (J/g)

x 1 FATAE (dec. wh)
Subscript ¢ © carbohydrate

p : protein
f: fat
a . ash

m . moisture
19414 7 BAY TN E FFEL
AlE o] QA7) Wifof ghg o] Alg Wete

7 ol 4 ) IR BN = ALE5H717h A A



3o A Rk R BgRel B9 PR

Table 13. Ratio or weight of components to total weight of bone dry red pepper

Component Carbohydrate Protein Fat Ash Moisture
Ratio 0.6882 0.1437 0.1133 0.0581 0.1496
ok webd 19 218 Bo 3 o] Agr|Zo Co= (1441+4.187M,.) /(1 +M,,) === @0

HEE ot ok
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Fig. 12. Specific heat of red pepper with
respect to moisture content
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Table 14. o and h values for 3 varieties of red pepper under various air temperatures
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Variety Air temperature (C) a h(J/emChr)
Jugtoma 60.44 18.142 17.525
73.38 25.728 24.854
91.16 32.381 - 21.280
Dabog 63.73 23915 19415
76.86 37.716 30.619
89.72 34.473 27.986
Jinsol 66.39 25.323 20.757
77.79 32.201 26.394
94.93 30.986 25.398
Average 24914
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Fig. 13. Example of actual and estimated
values of temperature ratio by

equation (3—50)
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Fig. 14. Ratio of latent heat of red pepper to
that of free water with respect to mois-
ture content under various conditions

of bone dry weight of red pepper

Table 15. Ratio of latent heat to that of free water by moisture content

and bone dry weight of red pepper

L/ L
Mm(dec.db)
mb=1.0g mb=2.0g mb=23.0g mb=4.0g
0.08 1.6568 1.9124 2.0181 2.0754
0.10 1.4695 1.6523 1.7278 1.7688
0.12 1.3357 1.4663 1.5203 1.5496
0.14 1.2400 1.3334 1.3720 1.3929
0.16 1.1715 1.2383 1.2659 1.2809
0.18 1.1226 1.1708 1.1901 1.2208
0.20 1.0877 1.1218 1.1359 1.1436
0.22 1.0627 1.0871 1.0972 1.1026
0.24 1.0448 1.0622 1.0695 10734
0.26 1.0320 1.0445 1.0497 1.0524
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Table 16. Nonlinear regression anlaysis for equation (25

A B
mb(g) - - ; ,
Estimate Asymptotic std. error Estimate Asymptotic std. error
1.0 2.51467 0.000345 16.781 0.00131
2.0 349182 0.001386 16.777 0.00379
3.0 3.89761 0.000305 16.780 0.00075
4.0 411721 0.000284 16.781 0.00065
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Fig. 15. Latent heat of red pepper depending

on moisture content
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