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Drying Characteristics of Garlic

JRz T mEE
A3y A3
J.H. Lee H. K Koh

ABSTRACT

This study was performed to find out drying characteristics and develop drying mode! for the design
of an efficient dryer or drying system of garlic.

The basic model which describes drying phenomenon of garlic was first established. A series of dry-
ing test were conducted with two varieties of garlic(Uiseong, Namdo) at 9-different drying conditions
(drying temperatures ; 40T, 50C, 60C, relative humidities ; 20%, 35%, 50%) and statistical analysis
was made to fit the data with exponential equation, approximated diffusion equation, page equation,
thompson equation and wang equation, respectively.

In this test, the effects of drying air temperature and relative humidity on the drying rate were unde-
rtaken. Finally, new drying model based on these experimental results was developed to describe the
drying characteristics of garlic.

Also, the volatile components of garlic extracts were investigated. For experiment both Uisoeng and
Namdo garlic were dried by heated-air-drying, followed by ether extraction. The extracts were analysed
by Gas chromatography/Mass spectrometer.

F28 4°1(Key Words) : "F=((Garlic), 22 2% (Drying Characteristics), 71 2 @ (Drying Mode),
Z 3 84 (Quality Analysis)
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1. Air conditioner

2. Motor and fan

3. Heater and controller

4. Drying chamber

5. Sieve tray

6. DC voltage controller

Fig 1. Schematic diagram of experimental ap-
paratus for the drying test.

Table 1. Specification of experimental equip-

ments
Item Specification

Air conditioner Vo. 16 - Refe Mitamure Riken(Japan)
Experimental dryer  |Self-made

Drying chamber 40cm X 40cm X 60cm
Subsidiary heater  |Heater : 600W
& controller Controller : DDF - 120R/E(Jung Kyung Inst.)
Motor & fan Motor : DC 100W

Fan : Centrifugal type
Temperature sensor |Sensor . Thermocouple (T type)
Anemometer Hot wire type
Electronic balance  |Accuracy 001 g
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Table 2. Drying models

Model name Equation
Exponential MR=exp(k * t)
Approximate Diffusion| MR=A - exp(-k - £)
Page MR=exp(k - t¥)
Thompson t=A- n{MR)+B - (In(MR))*
Wang MR=1+W,. + Wy t!

Note)

MR : Moisture ratio
M-M.
M,—M.

MR=

M : Moisture content(%, db}

M. : Initial Moisture content(%, db)

M. . Equilibrium moisture content(%, db)
t : Drying time(hour)
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Table 3. Working condition of gas chromatog-

raphy for analysis of garlic flavor

Items Conditions
GC Hewlett packard 5890 series ¥
Column HP-T fused silica capiltary column(0.32
X 30mm)
Detector FID
Carrier gas Na{split ratio = 211}

Column temperature |Initial © 65C Final - 230 (5C/min)
Injection temperature 250
Detector temperature  [270C

Injection volume 0.54¢
GC/MS Hewlett packard 5988
Column DB-1
Oven temperature 65C 300C (5C/min)
lonization voltage 70eV
Ion temperature 200¢C

Separation temperature |250C
41~330m/e

Mass range
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Fig. 3. Drying curve for peeled Uiseong and

Namdo garlic at 50C and 20% RH.
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peeled Namdo garlic at 50C.
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Table 4. Estimation of parameters involved in
drying models for peeled Uiseong gar-
lic

Model Estimated parameters R|F
Exponential | k=000118065000001513T200002235RH 0785 | 548
Aw- A=-OTT224623 1 000025388T2+ 000631252RH | 0741 | 429
Diffusion | k=0.01235731-0.00001883T20.000209%RH 0778 | 526
Page k= 0.05056503.063368774in T+ 0000680TRH. | 038 | 077

N=049218268+000011784T%+000077508RH | 0944 | 2504
Thompson | A=-34.20374845+ 000317753 T>-00332079RH | 0683 | 323
B=5402748560. 00188630720 45820%6RH 0786 | 550
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Table 5. Estimation of parameters involved in
drying models for peeled Namdo garlic

Model Estimated parameters R|F
Exponential  |k=000720417-0000744T-0.00019717RH 0628 | 253
App- A=-104658618+002177989T+ 000118411RH | 0650 | 279
Diffuson  {k=000264713-000001299T*0.0002685RH 0708 355
Page k=-160094833-0.021744T ~ 0.001808RH 0578 | 205
N=038350117+ 0.00824647T +000063443RH | 0975 | 5729
Thompson  A=-27.37046209023364463T+ 008552586RH {0320 | 071
B=991501937-023935868T-0.008911 35RH 0928 | 1948

Table 6. Estimation of parameters involved in
drying models for peeled and sliced Ui-

seong garlic

Model Estimated parameters R | F
Exponenttal | k=003068167-0.00067867T-0.000283RH 0507 154
App- A=-190932981 + 00002416 T>+ 0004761RH 0768 4%
Diffusion | k=-0.0197087-000001020T>0.000329RH 068 | 328

Page k=0189196750.0818691 I T-000000483RH | 0017 | 043
N=018118653+00789686!nT+000061217RH | 0682 | 322
Thompson | A= 1434986060-000690196T*0.16313496RH 0881 1 1008
B=303301633-0.00008071T2001219379RH 018 ] 03

Table 7. Etimation of parameters involved in
drying models for peeled and sliced
Namdo garlic

Model Estimated parameters R|F

Exponentid | k=-0.02085417-000072767T-0.0001875RH 0641 | 267

App- A=-098354941-0.09600696in T-000222517RH 0128 02

Diffusion [ k=-0,0296312-000000705 TA0.00018483RH 064 | 238

Page k=-119138750-+0.0133563T-00008515RH . | 0663 | 2%
N=05200287-0.0000153T2+ 000057513RH 0449 | 12

Thompson | A= 1472966692-0.33516724T-0.10449985RH 06% | 2%
B=8.33990079-0.114291437-0.03062253RH 06%2 | 33%

Table 8. Mean square errors of the drying mo-

dels for peeled Uiseung garlic

Model Mean Square Error R? F
Exponential 0.00422887 0.935 480745
App-Diffusion | 000425331 0935 | 4777.92
Page 0.00228056 0.965 9198.14
Thompson 0.00241596 0.963 8664.02

Table 9. Mean square errors of the drying mo-

dels for peeled Namdo garlic

Model Mean Square Error R? F '
Exponential 000151108 0977 14200.09 {
App.-Diffusion 0.0198682 0.969 10720.42
Page 0.30080665 - 0987 26890.53
Thompson 000118229 0982 | 1824132

Table 10. Mean square errors of the drying

models for sliced Uiseung garlic

Model Mean Square Error R? F
Exponential 0.00644226 0.781 1167.97
App.--Diffusion 0.00870933 0.705 779.08
Page 0.00018645 0.993 51293.07
Thompson 0.00414009 0.859 1998.72

Table 11. Mean square errors of the drying

models for sliced Namdo garlic

Model Mean Square Error R? F
Exponential 0.00300748 0.904 3070.85
App.-Diffusion 0.00966589 0.691 73091
Page 0.00008653 0.997 99999.94
Thompson 0.00208151 0933 4581.95

Table 12. Mean relative percentage deviation

(P) of drying models

Modd | speces | exporenti) | apdfisin pae thompson
peckd
| 19158 | 153867 12750 U8
Ueung gaic
peeled
607664 | 6B | 3861 567382
Namdo gae
s BEBY | 028% 0RB% | 53
. l
Usaung gac
s R 2120088 60708 | 176591
Namo gaic | ™ |
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Aol A Exrls 9 4838 M8 Exponen-
tial 243 Holx 2dE o] &t o3 2
gol},
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Fig. 16. Measured and fitted moisture ratio
with and thompson model for peeled Ui-
seong garlic Exponential and page mo-
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mdo garlic at 50C and 35% RH.
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Table 13. Color and color difference meter rea-
dings in raw and hot air-dried peeled
Uiseong and Namdo garlic at 35% RH

Ulseong Namdo
Tedments T T 5 | L | 2 | b
mwo | US| 400 | 220 | 829 | 3% | 20
A | w68 | 2% | BEH | N5 | 2% | 19
¢ 066 | 851 | 4107 | 6856 | 9% | 4%
OC | 453 | 155 | %49 | 48% | UK | BF

GRS FAL ARE Avted FUEE
35% ol A} 40T, 50T, 60T 9] AZE0A 604
Z32F ZAH}G Avtsd @FAZ 9
st ZA € vls 9 714 ¥ diethyl ether &
ALg8td Soxhlet ML E F&3ld GC/MS B
43

vlzol 2 gt E-2 allicin(allyl-2 propene
thiosulfinate) ©]32, 58 T &L disulfide F
2 allyl methyl disulfide, diallyl disulfide, allyl
propyl disulfide, diallyl trisulfide, allyl methyi

trisulfide 5-°]1ch.

Z}zte] A vlEFoA XL 50T, 4l
5 3B%  BETES A ntsy F
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A BYsElE Aeg FAHHE AEE] He
P2

o] & ZAvte A T(1990)9 AxHol ¥
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