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Abstract

The purpose of this study was to develop a drying method of Gangjung, a traditional Korean snack, thus to reduce
the drying time and to improve the quality of Gangjung. Two drying methods, hot air drying and far infrared ray
drying were used by changing conditions such as air velocity(0.4, 1.2, 1.6 m/s), temperature(40, 50, 60°C), and
aging. Optimal moisture content of dried Gangjung pellet was 17% which was proper for frying. Cracks appeared
on the surface of Gangjung pellet at lower levels of moisture content. Far infrared ray drying saved drying time
about 20%. Both hot air drying and far infrared ray drying at 0.4 m/s of air velocity tended to show better quality of
Gangjung than those dried at higher air velocities. The expansion volume and texture of Gangjung drying at 40°C
was better than other temperature conditions, regardless of drying methods. Quality of Gangjung, dried at single
stage without aging, was superior to those dried at double stage including aging process. Moreover, single stage
drying save the drying time at least 24 hr. Gangjung dried at high temperature became hard and less brittle in sen-
sory evaluation. In image analysis, air cell distribution in inner structure of Gangjung became uniform and fine as
drying temperature decreased to 40°C. Overall, Gangjung made of Gangjung pellet by the use of far infrared ray
drying at 40°C without aging, showed the best quality in terms of physical and sensory properties.
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Fig. 1. Flow diagram of Gangjung manufacture.
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Table 1. Conditions for texture measurement of Gangjung
by Texture Analyzer

Test speed 1.0 mm/s
Pre test speed 5.0 mm/s
Post test speed 10.0 mm/s
Trigger type Auto @ 5g
Distance 25.0 mm
Probe size 25 mm
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Table 2. Effect of moisture contents of Gangjung snack
pellets on the quality of Gangjung

Moisture Expansion ~ Hardness  Brittleness Crack
content(%) volume(m//g) (kg) (No.)
13 5.88+0.56" 12.98+0.56" 38.90+9.97" extreme
15 727+022° 2.19£048° 41.8047.32° much
17 10.50+048 ~.27+026° 46.20£7.55" little

“Means with the same letter in each column are not
significantly different (p<0.05).
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Fig. 2. Changes in moisture contents (dry basis) of
Gangjung pellets dried by hot air and far infrared ray.
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Table 3. Effect of air velocity on the quality of Gangjung
dried by hot air andfar infrared ray (40°C)

Drying

Air  Drying Expansion

. . Hardness Brittleness
velocity time  volume

method (m/s) (hr) (mlfg) kg) (No.)
. 04 11 11.95%0.53"1.48+0.44" 40.0+2.92°
Hot air b b 5
12 11 9.3210.78° 2.00+£0.34 32.4£5.59

1195+ 1.11° 1.0620.27° 442+ 7.00°
infrared 1.2 9 11.60£0.51°2.10+0.76" 26.5+6.92°
ay 16 9 868+061"2.81+1.13° 2434447

Means with the same letter in each column are not
significantly different (p<0.05).
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Table 4. Effect of drying temperatures on the quality of Gangjung dried by hot air and far infrared ray

Drying methods ~ Agingornot  Drying temp.('C) Drying time (hr) Expansion volume(m//g) Hardness(kg) Brittleness(No.)
40 33 13.09 1.30° 1.16+0.49° 42.4541048"
Aging* 50 30 10.95+0.72° 143+044° 4555+ 16.97°
. 60 28 9.74+0.67° 1.68+0.52° 4035+7.67"
Hot ar 40 11 13.12+ 147 0.90+0.13" 58.15£11.45"
No aging 50 11424 1.06° 1.20£0.33" 4340+13.74"
60 10.81+1.19° 1471043 4455+8.15°
40 32 12.34+091° 090+027° 6545+ 12.96°
Aging* 50 28.5 10.29+0.88° 12814024 55.10%5.83
] 60 275 771£1.04° 1.524032° 56.30+6.28°
Far infrared ray 2 2 a
40 9 13.1240.52 0.92+0.24 69.75%15.10
No aging 50 55 11.66+0.82° 0.93+0.18 54.00% 13.69"
60 4 10724 1.80° 1.02+0.2¢9° 57.05+1143°

*After drying at 40, 50 and 60°C until having 23-25% moisture contents, aging for 24 hrs in desiccator.
““Means with the same letter in each column are not significantly different (p<0.05).
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Table 5. Effect of aging or. the quality of Gangjung dried by hot air and far infrared ray

Drying methods ~ Drying temp.(’C) Aging or not Expansion volume (m/g) Hardness(kg) Brittleness(No.)
20 Aging 13.09+1.30 1.16£049 4245+ 1048
No aging 13.12+147 0.90£0.13* 58.15+11.45%*
. Aging 10.95£0.72 143+044 45.55116.97
Hot air 50
No aging 11.42+£1.06 1.20£0.33 4340+13.74
€0 Aging 9.74£0.67 1.68+£0.52 40.351£7.67
No aging 10.81x1.19* 1471043 44.55+8.15
0 Aging 1234091 0.90x0.27 6545+ 12.96
No aging 13.12£0.52* 0.92+0.24 69.75£15.10
. Aging 10.29£0.88 1.28+0.24 55.10£5.83
Far infrared ray 50 .
No aging 11.66+0.82%+ 0.93+£0.18* 54.00+13.69
Aging 7.71£1.04 1.52+0.32 56.30+6.28
6 No aging 10.724 1.80%* 1.02+£0.29%* 57.05+11.43
*Significantly different at p-<0.05.
**Significantly different at p<0.01.
Table 6. Effect of drying methods on the quality of Gangjung
Drying temp. ('C) Drying method Expansion volume (ml/g) Hardness(kg) Brittleness(No.)
Hot air 13.09£1.30 1.16:049 424541048
40 Far infrared ray 12.34£0.91 0.90+0.27* 6545+ 12.96*
. Hot air 10.95+0.72 143£044 45.55+16.97
Aging 50 .
Far infrared ray 10.29+0.88 1.28+0.24 55.10+5.83*
Hot air 9.741:0.67* 1.68+0.52 40.35%7.67
60 Far infrared ray 771£1.04 1.52+0.32 56.30L£6.28*
Hot air 13.12+1.47 0.90£0.13 58.15+11.45
40 Far infrared ray 13.12£0.52 0.92+0.24 69.751+15.10*
. Hot air 1142+ 1.06 1.20£0.33 43.40+13.74
Noaging 50 Far infrarcd ray 11662082 0.93+£0.18* 54,00+ 13.69*
Hot air 10.81+1.19 1.47£043 44.551£8.15
60 Far infrared ray 10.72+1.80 1.02+0.29* 57.05£11.43%
* Significantly different at p-<0.05.
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Table 7. Effect of temperature change in far infrared ray
drying on thequality of Gangjung

Drying Drying Expansion Hardness Brittleness
temp. (C) time (hr) volume(ml/g) kg) (No.)

40 9  13.12+052" 092+024° 69.75+15.10°
40—50% 75 9594039 1.00+£0.17° 49.20+1234°
40— 60% 7 8914050° 1.224034" 4945+7.50°
40—-70% 6 8.6510.72° 1.51£038 43.45+6.56°

*After drying at 40°C for Shr until having 23-25% moisture
contents, drying temperature was adjusted with 50, 60 and
70°C.

a-cMeans with the same letter in each column are not
significantly different (p<0.05).
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Table 8. Sensory evaluation of Gangjung dried by
different drying methods atvarious temperatures using
Pairwise Ranking test

Drying method Drying temp.(’C) Hardness  Brittleness
40 133° 146°
Hot air 50 145° 138°
60 172 159°
40 133 158°
Far infrared ray 50 150° 151°
60 147° 148

“Means with the same letter in each column are not
significantly different (p<0.05).

BT A FIsle] AR vlREA k2 A%
< Bgin aei=e AR E o83l 40°CellM
SR HaL AERAIR A el 7P

g AL
2 vebyit)

5. BSZAL @t

SATl w2 e FA2 H7lelAM (Table 5) 13
SASHA| ok Zlol SA% AR FAol 9% A¥
< v enw g% o nlal HALE o83le] 13}
Sl W AP 1S AEdER AEREE T
2} Alzgt 2o Zme} opitolital A=l didle] &
SHAE AAISle] 1 A Table 8ol ehiigict. &
TR WMz BT AR} S AE
T 7R A%E Hol ot oprtelilal el thsiA
T AR E 60C7F 7HE w3, THo) 40°C,
50°C olsiet. M9 AxeMe fFLlHQ Aol B
oA AT, AZEET} FIVRF ool A=
T Ak %S Bl a=lEE 40°Cc 9HYAA
ZellM FEele 23 oifelatgt A=) 3= s}
B F4E vepisle oleid Wewrt Ak
7] SAAAA A™ddS ol gsle] 40°ColM A
ZAZ) 73RS e AR opolitks vehiie w2
brittlenessZt 7 o %] 8} o}

6. ZHo DiMT= RrE

7378 mATE FAS A AP AT 2=
AT oje] F9E uHEsle] 3 s A (Image
Analyzer) 2 #osle] S IS F(Fig 3, Fig. 4
el vebd 7139 4, 7139 B9 2 7)) B
& AAFER] Table 9] YepiSIT). f)=lQ) zlej= 1}
EpA] ekskert AN 71 o A, S5t
A SAA &2 7 55 400 A wekz, Az
257} ASRE 713 4 Ao 7139 E49), 7

gtz 288 2] Al 164 A 1 E(2000)



54 o] o} -

40°C

50°C 60°C

Fig. 3. Image analysis of Gangjing dried by hot air. (A) : No

aging, (B) : Aging.

50°C 60°C

Fig. 4. Image analysis of Gungjing dried by far infrared ray. (A) : No aging, (B) : Aging.
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Table 9. Image analysis parameter of Gangjung dried by
hot air and far infrared ray

Drying Aging Drying Hole  Perimeter Hole area
mwthods ornot temp.(C) (No.) (mm)" (mm’y

40 84+1626 091%=0.19 11.00+2.24

Aging S0 72252 1214016 13354256
, 60  T1£15.18 12620.18 15062273
Hot air
40 993470 1032020 1159+ 1.97
a;r‘:g 50 91£13.75 1134040 12004226
60 862208 126£039 12731465
40 8611601 0812009 10.10+0.84
Aging 50 79+16.09 0.89+033 11.78+2.05
 Far 60 76+ 13.08 095+0.02 12.35+376
infrared
oy 40 1062781 0891005 8251055
No 5o 1004929 0924015 877+ 161
aging

60  75+19.63*1.09+0.16 11.24+0.70*

“Total hole perimeter/hole number.
*Total hole arca/hole number.
*Significantly different at p<0.05.
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