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Title Operation Cost Reduction for Industrial Pepper Powder

Drying with Alternating Hot-Air during Drying

Process
Author Miss Wipa Teppinta
Degree of Master of Engineering in Food Engineering
Advisory Committee Chairperson Assistant Professor Dr. Jatuphong Varith
ABSTRACT

Drying is an important process to control microorganism in black pepper
powdering process. In industry, hot-air drying is accomplished using one-direction air flow which
requires stirring manual labor to generate uniform temperatures of pepper. To reduce labor cost,
the alternating hot-air drying, which air-flow can be forced upward or downward is proposed. The
objectives of this research were to study an alternating hot-air drying process for black pepper and
to compare the operation cost between alternating and traditional hot-air drying process. The
experiment was conducted to dry black pepper of 50-100 kg/batch from 16-18% to 7% (dry basis)
using 100°C hot air in a hot-air drying cabinet which can alternate the hot-air flow in an upward
or downward direction. Thickness of the pepper beds (20, 30 and 40 cm) and drying methods
(hourly alternating air flow and traditional hot-air with every ' hr stirring labor) were two
important factors in this study. The result showed that drying times and drying rate of drying
methods on black pepper were not significantly different (P=0.05). The drying times of
traditional hot-air of a thickness of pepper bed 20, 30 and 40 cm. were 2.5, 2.5 and 3.5 hrs.
respectively, Drying times of alternating air flow of a thickness of pepper bed 20, 30 and 40 cm.
were 2.5, 3.0 and 3.3 hrs. respectively. The alternating air flow being the Page model was found
to be the best fitted model. The alternating air-flow drying employed less labor man-hour than
one-direction hot air-flow drying by 73%, reflecting less operation cost per 600 kg, due to no
need for a stirring process to uniform generate temperature of the black pepper during the drying

process.
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110 20 cm 30 cm 40 cm
@y o aduauiou Una aduaniou Una aduandou
0 0.168 0.169 0.168 0.168 0.168 0.168
0.5 0.125 0.119 0.137 0.139 0.153 0.143
1 0.097 0.096 0.101 0.109 0.118 0.120
1.5 0.081 0.084 0.089 0.089 0.105 0.095
2 0.075 0.080 0.079 0.088 0.089 0.091
25 0.066 0.068 0.067 0.077 0.086 0.080
3 0.068 0.072 0.077
325 ; 0.068
3.5 0.068

@ ) = & Y o 9 v as )
AN UIN 2 DRTINTOULNIRNTY (Lﬂﬂ‘il%u@lﬂ’lﬂig?uu‘ﬂQG])"JI?LN) TAIMIUIBNITOULN 2

aa &
A5 N

¥
s

UANUHUT 3 TZAL

plal| 20 cm 30 cm 40 cm
(@ Tu9) 1na Aauaniou Un@ aduaniou Und aduauiou

0.5 0.249 0.237 0.275 0.277 0.305 0.286
1 0.097 0.096 0.101 0.109 0.118 0.120
1.5 0.054 0.056 0.059 0.059 0.070 0.064
2 0.038 0.040 0.039 0.044 0.045 0.045
2.5 0.026 0.027 0.027 0.031 0.035 0.032
3 0.023 0.024 0.026

3.25 0.021
3.5 0.019

i 0.093 0.091 0.100 0.091 0.088 0.085
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187 (52 1349)

20 IHUAIAT

30 IFUANAT

40 FUALIAT

TU RN [3RN YU AN an YU aN a1
0 0.170 0.168 0.165 0.169 0.170 0.164 0.174 0.170 0.164
0.5 0.121 0.116 0115 0.147 0.135 0122 0.143 0.144 0.130
1 0.099 0.095 0.092 0.116 0.110 0.098 0.128 0.122 0.116
1.5 0.084 0.083 0.089 0.090 0.089 0.089 0.098 0.096 0.097
2 0.082 0.083 0.079 0.083 0.090 0.087 0.088 0.094 0.093
2ad 0.068 0.067 0.067 0.077 0.074 0.077 0.079 0.082 0.081
3 0.068 0.068 0.068 0.082 0.077 0.077
3:25 0.068 0.068 0.009
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na (57 T14) , : :
STV naNg a9 STgY na1g a9 U nA A
0 0.169 0.170 0.164 0.169 0.170 0.164 0.169 0.170 0.164
0.5 0.113 0.125 0.122 0.141 0.137 0.133 0.162 0.154 0.146
1 0.099 0.096 0.098 0.107 0.103 0.095 0.126 0.106 0.125
1.5 0.081 0.079 0.081 0.091 0.090 0.083 0.107 0.109 0.098
2 0.077 0.075 0.076 0.081 0.077 0.077 0.090 0.088 0.095
2.5 0.067 0.066 0.067 0.068 0.065 0.068 0.082 0.084 0.079
3 0.079 0.080 0.072
3.25 0.74 0.75 0.069
3.5 0.069 0.068 0.067

2



¥ ' ¥
=% ar =Y =1 r ar T o @ o 9 =
MTEHNUIN 5 Q@lﬁghﬂ'lﬂnlu“ﬁu“ﬂ‘iﬂulﬂﬁm§$ﬂU“ﬁuﬂ31§Jﬁu1ﬂNG'] ﬁ?ﬂiﬁ?%ﬂﬁ'ﬂ)ﬂllﬁ@tt‘ﬂﬂﬂﬂﬁ

. 20 (FUAIAT 30 (FUAUAT 40 LYUALIAT
ra (3 109) : - -

YU A9 a9 U A9 a1 ST naN9 GRE
0 28.7 28.6 29.0 28.7 28.6 29.0 30.0 29.6 30.2
0.25 377 70.1 106.5 37.7 70.1 106.5 36.9 44.9 100.8
0.5 48.9 92.9 104.6 48.9 92.9 104.6 38.0 68.4 103.0
0.75 79.9 99.2 107.3 79.9 99.2 107.3 49.6 92.7 102.5
| 90.5 105.3 110.8 90.5 1053 1108 75.9 87.6 101.3
1.25 98.2 1072 107.1 98.2 107.2 107.1 79.3 100.2 109.1
15 90.3 98.1 101.7 90.3 98.1 101.7 84.8 103.5 112.7
1.75 99.6 101.7 102.4 99.6 101.7 102.4 91.9 107.3 109.3
2 102.2 104.3 105.9 1022 104.3 105.9 95.8 106.3 106.5
2.25 102.3 103.8 105.2 1023 103.8 105.2 98.9 105.9 108.5
2.5 102.3 106.0 1053 102.3 106.0 1053 99.4 106.9 108.5
2.75 1033 107.5 109.3
3 1012 107.8 105.5
3.25 102.2 104.3 105.9
3.5 102.3 103.8 105.2
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; 20 IEUAIAT 30 IFUALAT 40 LEUALIAT
a1 ([ 119) : ‘ :

Y na an i naa an U nang a9

0 29.4 29.7 29.6 29.1 29.5 29.5 30.5 30.4 30.3
0.25 62.4 90.7 96.1 38.2 59.4 101.7 36.7 41.4 105.4
0.5 84.9 96.1 99.7 48.5 87.0 103.7 39.8 70.5 109.4
0.75 94.9 103.6 107.2 74.5 97.5 102.7 55.1 96.1 106.6
1 100.6 104.2 106.8 85.2 81.5 99.1 32 98.9 108.1
1.25 101.9 111.0 1117 104.5 86.5 90.1 102.5 81.5 89.2
1.5 90.3 98.1 101.7 106.1 93.7 91.9 105.5 78.9 82.7
1.75 99.6 101.7 102.4 104.8 96.6 93.9 108.3 90.0 79.3
2 101.8 102.8 112.6 105.8 97.5 95.8 108.2 93.4 82.5
2.25 102.6 108.1 107.6 96.6 103.6 111.0 91.1 93.7 112.4
2.5 107.1 110.7 112.9 101.6 107.9 112.5 88.1 106.7 110.6
2.75 101.5 107.1 1123 99.9 107.2 110.5
3 101.4 106.9 111.8 102.2 107.6 110.8
109.5 101.3 106.4
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20 [HUALUAT

30 IFUANAT

40 YUALUAT

1301

(42 Tu9) na FAUNANIIANT o na AdunAMIaNIou na gaunAmIsansou
in out abm in out  abm in out abm in out  abm in out  abm in out abm
0 30.4 30.4 30.4 29.1 29.1 29.1 30.1 30.1 30.1 30.0 30.0 30.0 31.0 31.0 310y 3.3 313 31.3
0.25 102.9 68.9 322 100.0 54.4 305 100.0 41.0 313 100.0 41.4 31.1 100.0 38.4 32.8 100.0 393 32.7
0.5 104.2 85.3 332 100.0 80.3 31.2 100.0 51.4 32.3 100.0 59.6 31.6 100.0 40.6 33.8 100.0 43.0 335
0.75 110.6 91.9 33.7 100.0 953 32:.9 100.0 78.0 334 100.0 85.0 A2.5 100.0 59.6 355 100.0 51.6 34.4
1 110.5 95.6 34.4 100.0 99.9 33.6 100.0 90.4 358 100.0 88.7 329 100.0 69.6 3547 100.0 69.4 353
1.25 111.0 99.9 36.3 100.0 93.9 337 100.0 97.4 36.4 100.0 86.7 34.1 100.0 77.9 36.5 100.0 94.3 36.9
1.5 111.0 103.5 36.0 100.0 93.1 34.4 100.0 99.8 36.6 100.0 88.8 34.4 100.0 81.5 37.2 100.0 90.7 37.7
1.75 111.1 102.4 37.9 100.0 92.9 352 104.5 100.2 37.0 100.0 81.0 354 100.0 88.7 38.1 100.0 89.4 38.4
2 1125 102.1 37.8 100.0 92.7 349 104.5 102.0 371 100.0 92.1 35:1 100.0 92.6 38.4 100.0 90.7 38.8
2.25 112.9 102.6 37.8 100.0 99.1 36.5 104.5 103.0 374 100.0 97.0 35.8 100.0 96.3 39.1 100.0 89.8 39.0
2.5 112.8 102.9 379 100.0 99.5 36.6 104.5 104.5 375 104.0  103.4 36.3 100.0 96.9 39.0 100.0 86.4 393
2.75 103.4 102.5 36.4 100.0 98.2 395 100.0 99.9 39.7
3 103.4  101.0 369 100.0 98.8 39.8 102.0  101.3 399
3.25 100.0 99.4 40.0 100.0 97.3 40.8

3.5 100.0 99.0 40.2
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