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Optimization for drying process of red pepper
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Summary

This study was performed to find out optimum drying conditions of red pepper to minimize energy

consumption and drying time, respectively, under the quality constraint using Box’ s complex method.

The results from this study are summarized as follows.

1. From the optimization results for the drying process, energy consumption was minimized at the

drying condition to minimize drying time.

2. The optimization results according to drying method was found out to be greatly affected by the

quality constraint of red pepper. Especially, the turning point to change drying stage was a very

important factor in the drying method with two stages.
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Main 1 : Main program for optimization of red pepper drying process
Main 2 © Program for generation of random numbers
Sub 1—1 @ Subroutine program for minimization by complex method of Box
Sub 2—1 © Subroutine program for calculation of centroid of already accepted points in complex
Sub 2—-2 I Subroutine program for calculation of centroid of all vertices in complex
Sub 2—3  Subroutine program for calculation of centroid of all vertices except the vertice with the
maximum value in complex
Sub 2—4 © Subroutine program for evaluation of objective function
Sub 2—5  Subroutine program for explicit constraints
Sub 2—6 @ Subroutine program for implicit constraints
Sub —1 - Subroutine program for calculation of moisture content, temperature and carotenoid
content
F1 . Function subprogram for calculation of EMC
F2 * Function subprogram for calculation of effective diffusion coefficient
F3 . Function subprogram for calculation of pericarp thickness
F4 . Function subprogram for calculation of surface area of a red pepper
F5 - Function subprogram for calculation of heat capacity of red pepper
Fé6 . Function subprogram for calculation of latent heat for red pepper
F7 * Function subprogram for calculation of heating constant
F 8 - Function subprogram for calculation of rate constant of carotenoid destruction

Fig. 3. Diagram of structure of programs for optimization of red pepper drying process.
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Table 1. Input data and quality constraints for optimizing red pepper drying process.

Input item

data

Initial moisture content
Final moisture content
Initial temperature of red pepper

Initial carotenoid content

3.5 (dec.db)

0.2(dec.db)

20 ()

370 (mg/100g dry pepper)

Quality constraint > Type I

(Final carotenoid content)
For red pepper with m,=1.0g
For red pepper with m,=2.0g
For red pepper with m,=3.0g
For red pepper with m,=4.0g

208.6 (mg/100g dry pepper)
149.9 (mb/100g dry pepper)
102.5 (mb/100g dry pepper)

66.3 (mb/100g dry pepper)

Quality constraint - Type II

(Final carotenoid content)
For red pepper with my;=1.0g
For red pepper with my,=2.0g
For red pepper with m,=3.0g
For red pepper with m,=4.0g

261.0 {mg/100g dry pepper)
210.3 (mb/100g dry pepper)
161.0 (mb/100g dry pepper)
117.0 (mb/100g dry pepper)

Note) m, : Bone dry weight of fruit

Type I : Quality of red pepper dried at the air condition of 50C and 0.6RH
Type 1 : Quality of red pepper dried at the air condition of 65C and 0.2RH
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Table 2. Energy consumption and drying time under the two air conditions in red pepper drying pro-

cess.

Drying condition m,(g) E(k]J/g dry pepper) t(hr)
50°C & 0.6RH 1.0 13.251 335
20 14.182 52.0

30 14.979 73.2

4.0 15.844 975

65C & 0.2RH 1.0 12.978 8.0

2.0 13.926 12.0

3.0 14.739 16.7

4.0 15.623 22.2

Notes) m, : Bone dry weight of fruit

E : Energy consumption per unit bone dry weight of fruit

t ¢ drying time

Table 3. Optimization results from one stage drying method under the type I quality constraint.

mb (g (/e (Frrynigepper) tminChr) O’I?;l(rz(l:u)m drying clganE;o)n
1.0 12.686 44 80.0 20.0
2.0 13.674 6.8 78.8 20.0
30 14.507 9.7 779 20.0
4.0 15414 135 76.6 20.0

Table 4. Optimization results from one stage drying method under the type II quality constraint.

R . Optimum_drying condition
mb (g) (K/g &30 ner) tmin(hr) Ta(%) RH(%)
1.0 12.978 8.0 65.0 20.0
2.0 13.926 12.0 65.0 20.0
3.0 14.739 16.7 65.0 20.0
4.0 15.623 22.2 65.0 20.0
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Table 5. Optimization results depending on the turning point from two stage drying method under the

type Il quality constraint with the red pepper having mb=1.0g.

Tur.ning Emin tmin Optimum dr\(riru)z condition =
Mmrlef.'dw (KJ/g dry pepper) | (ho) e R R

0.5 12.907 7.0 1 654 20.0

2 799 20.0

2.0 12.790 5.5 1 65.5 20.0

2 79.9 20.0

25 12.731 5.2 1 64.0 20.0

2 799 20.0

Table 6. Optimization results from two stage drying method with the turning point of 250% (db) under

the type 1I quality constraint.

Turning . . Optimum drying condition
point, Emin tmin stage Ta(C) RH(%)
Mm(dec. db) (kJ/g dry pepper) (br)
1.0 12.731 52 1 64.0 20.0
2 79.9 20.0
2.0 13.669 7.8 1 64.2 20.0
2 80.0 20.0
3.0 14.474 11.0 1 64.1 20.0
2 80.0 200
4.0 15.285 14.6 1 64.1 200
2 80.0 20.0
—zm - B
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